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Ten  years  ago  The  .Electric  Jour- 
Beeinning  •^•^■'  ^^'"i*  ^"  innovation.  It  represented 
the  Second  '"^  unique  idea.  It  established  a  new 
Decade  ^^^'^  '"^  electrical  journalism. 

What  was  its  origin,  its  purpose 
and  what  has  it  accomplished?  As  it  is  because  the 
writer  has  had  a  part  in  its  history  that  he  has  been 
asked  to  answer  these  questions,  personal  references 
may  be  permissable. 

In  1902  I  made  two  suggestions,  which  resulted 
in  the  formation  of  The  Electric  Club,  (now  The 
W'estinghouse  Club)  among  the  young  and  older  en- 
gineers of  the  Westinghouse  Companies  in  Pittsburgh, 
and  in  the  establishing  of  student  branches  of 
the  American  Institute  of  Electrical  Engineers  of 
which  there  are  now  about  fifty,  which  have  been  fol- 
\owed  by  nearly  as  many  more  in  other  national  so- 
cieties. The  idea  in  both  was  the  fitting  of  young 
men  for  the  growing  needs  of  the  electrical  profession. 
The  club  was  both  technical  and  social,  older  en- 
gineers gave  talks  and  lectures  and  there  were  dis- 
cussions on  designing,  testing  and  operating.  The 
following  summer  the  directors  of  the  club  met  to  plan 
for  the  coming  year.  When  called  upon  I  did  a  little 
thinking  out  loud,  somewhat  as  follows : — "We  are  be- 
ginning a  new^  year  with  many  new  men  from  various 
colleges;  they  should  have  substantially  the  same  lec- 
tures that  we  had  last  year ;  the  lecturers  will  not  care 
to  repeat  the  same  material  year  after  year;  the  ma- 
terial should  be  written  or  printed,  it  could  then  be 
handed  to  others  who  arc  unable  to  attend  both  here 
and  at  a  distance ;  the  papers  might  be  printed  regu- 
larly and  be  open  to  subscription ;  we  should  publish 
a  paper;  its  contributors  would  be  the  engineering 
stafif  of  a  great  company  and  the  men  who  originate 
ideas  and  design  machines,  and  who  know  the  latest 
practice ;  they  can  write  in  a  simple,  direct  way  for 
the  young  men  who  are  here  to  learn ;  and  what  they 
need  to  know  is  just  what  the  student  in  the  college 
and  the  engineer  in  the  power  house  and  the  superin- 
tendent and  manager  also  want  to  know."  A  commit- 
tee was  appointed  and  early  in  1904  the  first  issue 
was  published. 

Its  purpose  was  thus  defined  in  the  first  issue: — 
"The  JouRXAL  is  not  a  shot  gun  that  is  expected 
to  hit  everybody,  but  a  rifle  that  is  aimed  straight  at 
the  young  engineer.  Our  purpose  is  definite;  to  pub- 
lish a  journal  for  young  engineers  containing  material 
suited  to  their  needs  and  written  in  form  to  meet  their 
education  and  experience."    Intermediate  between  the 


formal  transactions  of  the  national  societies  and  the 
ordinary  engineering  periodical  which  covers  a  wide 
field  in  a  more  or  less  popular  and  commercial  style, 
the  new  journal  presented  live  topics  in  a  simple  man- 
ner, not  too  advanced  for  the  practical  man,  not  too 
elementary  for  the  technical  engineer — both  are  in- 
terested in  the  same  thing — and  the  aim  was  to  get 
an  intelligent  treatment  acceptable  to  both,  avoiding 
alike  the  mathematically  abstract  and  the  common- 
place descriptive.  It  put  forth  directly  from  the  ex- 
perts as  their  personal  contributions,  the  informa- 
tion whidi  in  the  older  days  constituted  the  mysteries 
and  secrets  of  the  inventor  and  the  manufacturer.  It 
was  a  new  kind  of  medium  of  intercourse  between 
the  experienced  engineer  and  the  student  engineer, 
between  the  man  in  the  factory  and  the  man  in  the 
field,  between  the  maker  and  the  user.  Its  scope  was 
broad ;  the  principles  underlying  design,  methods  of 
testing,  commercial  engineering,  operating  methods, 
steam  turbines,  air  brakes  and  signals  were  supple- 
mented by  the  human  side  of  engineering  and  larger 
relations  of  the  engineer  to  society. 

The  ten  volumes  now  fill  a  two  foot  shelf  with 
a  sort  of  panoramic  encyclopedia  of  electrical  engin- 
eering. There  are  over  9000  pages;  there  have  been 
over  1 1  000  volumes  bound ;  the  average  edition  is 
now  nearly  1 3  000  copies ;  and  each  year  a  complete 
topical  index  of  the  preceding  years  has  made  the 
back  volumes  easily  accessible. 

Since  the  Journ.\l  was  started  the  engine- 
driven  alternator  of  5  000  kilowatts  has  been  super- 
seeded  by  the  turbo-alternator  of  six  times  the  capac- 
ity ;  50  000  volt  transmission  has  been  eclipsed  by 
150000  volts;  the  carbon  lamp  has  its  counterpart  in 
the  nitrogen  lamp,  giving  five  times  the  light  per  watt ; 
illuminating  engineering  has  came  into  being ;  the  out- 
put of  central  stations  has  been  doubled  twice.  Dur- 
ing the  period  also  new  interest  has  been  taken  in  the 
training  of  young  men  and  in  the  disseminating  of 
engineering  information.  Instruction  courses  have 
been  established  by  operating  companies.  The  field 
developed  by  the  Joirn.\l  is  now  shared  by  other 
publications,  notably  the  monthly  bulletins  of  various 
technical  societies. 

The  JouRN.AL  has  been  directed  by  a  publication 
committee  of  three.  The  first  members  were  Mr.  F. 
D.  Newbur>-,  editor,  who  had  acquired  usable  exper- 
ience as  editor  of  the  Sibley  Journal  at  Cornell  Uni- 
versity, and  gave  to  the  new  Journ-al  some  of  its 
best  qualities :  Mr.  J.  H.  Smith,  a  vigorous,  resource- 
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ful  and  indefatigible  business  manager,  and  the  pres- 
ent writer,  a  sort  of  combination  critic,  contributor, 
and  ways  and  means  facilitator.  After  several  years 
Mr.  A.  H.  Mclntire  became  editor  and  manager, 
which  office  he  now  holds,  and  further  change  made 
^Ir.  B.  G.  Lamme  and  Mr.  P.  M.  Lincoln  members  of 
the  committee;  as  assistant  editors,  Messrs  C.  R. 
Dooley,  E.  R.  Spencer  and  C.  R.  Riker.  But  the  men 
who  have  been  named  are  only  a  few  of  those  who 
have  made  the  Journal  what  it  is.  Several  hundred 
voluntary  contributors  have  shared  in  the  interest  and 
in  the  sentiment  and  purpose  which  have  been  the  im- 
pelling motive  in  creating  the  Journal.  Many  of  the 
readers,  by  appreciative  comment  and  fertile  sug- 
gestions, have  greatly  aided  those  in  authority. 

As  the  Journal  enters  its  second  decade  after 
a  long  and  progressive  advance,  it  may  well  adhere 
to  the  general  purpose  and  policy  which  have  directed 
it  in  the  past.  There  is  every  indication  that  the 
curves  of  electrical  progress  will  continue  upward  and 
tliat  the  amount  of  work  and  the  responsibilities 
which  are  placed  upon  the  electrical  engineer  of  the 
future  will  be  far  greater  than  even  at  the  present  time. 
During  the  past  the  Journal  has  been  read  by  thous- 
ands of  young  men  who  were  entering  their  active  en- 
gineering career,  as  well  as  by  otlier  thousands  of 
older  and  more  experienced  men.  There  is  no  doubt 
but  that  it  has  been  of  substantial  assistance  to  these 
readers.  Its  aim  for  the  future  is  to  be  a  still  larger 
factor  in  making  better  engineers  and  broader  men. 

Chas.  F.  Scott 


Since    the   Journal    was    started   ten 
The  Change      years   ago   there   has   been   a   decided 
in  tendency  towards  standardization  of 

Page  Size  trade  and  technical  magazine  sizes. 

Believing  in  standardization  as  we 
do,  it  has  been  thought  advisable  with  the  beginning 
of  our  second  decade  to  make  the  change  to  the 
nine  by  twelve  inch  size  which  has  already  been 
adopted  by  some  one  hundred  and  thirty-five  peri- 
odicals. While  it  is  recognized  that  there  are  many 
ad\'antages  in  the  size  heretofore  used  and  the 
change  has  been  made  with  considerable  reluctance, 
it  has  been  considered  that  the  many  advantages  of 
the  new  arrangement,  together  with  the  fact  that  the 
publications  of  such  societies  as  the  American  So- 
cietv  of  Mechanical  Engineers,  and  the  Institution  of 
Electrical  Engineers  are  now  changing  over  to  the 
larger  size,  make  this  step  decidedly  desirable.  In- 
asmuch as  it  is  planned  to  begin  a  new  topical  index 
with  the  present  year,  that  is,  to  run  the  index  by 
decades,  it  is  especially  important  that  any  such 
changes  whicli  may  become  desirable  during  the 
next  ten  vears  be  made  at  this  time. 


"Knowledge  is  of  two  kinds,"  said  Dr. 
Use  the        Samuel  Johnson.     "We  know  a  sub- 
Topical        ject  ourselves,  or  we  know  where  we 
Index  can  find  information  upon  it."     The 

owner  of  a  set  of  bound  volumes  of 
the  Journal  is  in  possession  of  a  storehouse  of  this 
latter  kind  of  knowledge  in  which  few  phases  of  elec- 
trical engineering  will  be  found  unrepresented.  By 
means  of  the  topical  index,  which  is  included  as  a  sup- 
plement to  this  issue,  he  is  able  to  locate  readily  the 
information  scattered  throughout  the  volumes  on  any 
particular  subject.  The  advantage  of  the  topical  ar- 
rangement, in  which  all  references  to  similar  subjects 
are  grouped  together,  instead  of  being  scattered  ac- 
cording to  fortuitous  differences  in  wording  of  their 
titles,  is  obvious.  Equally  obvious  is  the  advantage  of 
being  able  to  find  references  to  all  the  articles  which 
have  been  published  in  the  Journal  during  ten  years, 
in  one  location,  instead  of  ten  separate  indexes. 

The  necessity  for  an  index  of  this  type  is  enhanced 
by  the  fad  that  a  large  proportion  of  the  material  in- 
dexed is  of  such  living  nature  as  to  be  practically  as 
valuable  today  as  when  first  published.  The  Journal 
index  thus  becomes  a  working  tool  for  frequent  use 
in  connection  with  every-day  practice.  A  valuable 
feature  is  the  listing  of  the  tables,  curves,  diagrams, 
illustrations  and  words  contained  in  each  article,  as  a 
fair  estimate  of  the  size  and  importance  of  the  article 
can  at  once  be  obtained  from  these  items. 

The  topical  index  is  merely  a  very  condensed  card 
index  system  in  printed  form.  Hence  it  can  again 
be  made  into  a  card  S3"stem  by  pasting  the  items  upon 
cards,  and  filing  them  under  any  existing  index  system. 
The  individual  items  covering  similar  subjects 
are  not  oniy  grouped  together  under  suitable  headings 
and  sub-headings,  but  wherever  possible  the  individual 
items  under  a  given  sub-heading  are  grouped  together 
according  to  subject  matter,  providing  further  ease  in 
locating  desired  information.  \\'heTe  the  items  have 
no  common  subject  matter  they  have  in  some  cases 
been  arranged  alphabetically,  according  to  the  main 
idea. 

In  general,  individual  articles  of  a  series  are 
grouped  together  under  the  group  headings,  regardless 
of  individual  subjects  of  the  separate  articles.  Where 
it  was  deemed  advisable,  cross-references  have  been 
filed  under  different  headings,  to  provide  a  greater 
usefulness  of  the  index. 

In  the  present  index,  each  question  and  answer  in 
the  Journal  Question  Box  has  been  given  an  indi- 
vidual subject  heading,  which,  taken  in  conjunction 
with  the  topical  heading  under  which  it  has  been  filed, 
provides  ready  access  to  all  the  information  which  has 
been  published  in  this  department. 


Progress  in   1913 


A  BUSINESS  SURVEY  OF  THE  YEAR 
G.  E.  Tripp 

THE  year  1913  has  been  a  period  of  al)sorbing 
interest  to  every  man  wlio  thinks  at  all  upon 
the  great  problems  which  confront  the  people 
of  the  United  States.  A  new  tariff  law  has  been 
passed  and  opinions  as  to  its  effect  upon  business 
are  so  diverse  that  it  is  not  possible  to  say  where 
the  weight  of  it  lies.  Not  only  do  opinions  dift'cr 
by  reason  of  the  naturally  different  positions  of  dif- 
ferent enterprises,  but  they  do  not  agree  even  in  ex- 
actly the  same  line  of  endeavor.  l"or  example,  the 
writer's  opinion  that  the  electrical  manufacturing 
business  will  not  be  adversely  aft'ected  directly,  to 
any  serious  extent,  by  the  reduction  in  the  protec- 
tive tariff'  on  articles  of  its  manufacture  seems  not 
to  be  shared  by  certain  other  large  electrical  manu- 
facturers, some  of  those  having  expressed  the  opin- 
ion in  published  interviews  that  either  prices  or 
wages  must  be  reduced  in  consequence  of  the  new 
tariff'.  It  must  be  recognized  that  a  diminution  of 
business  in  any  substantial  industry  w'ill  necessa- 
rily react  on  all  other  enterprises;  and  that,  while 
the  electrical  manufacturing  business  may  not  be 
aft'ected  directlx',  it  may  easilv  feel  these  indirect 
inflnences. 

The  electrical  manufacturers  are  not  unique  in 
holding  dift'erent  opinions  as  to  the  eft'ect  of  the  new 
tariff',  for  two  of  the  leading  representatives  of  the 
steel  business  hold  diametrically  opposite  views. 
However,  as  in  all  cases  where  uncertainty  prevails, 
the  doubt  is  resolved  on  the  side  of  safet\'  and  we 
see  caution  displayed  on  every  hand  until  it  has  be- 
come one  of  the  principal  factors  wdiich  has  brought 
about,  in  the  latter  part  of  1913.  a  distinct  recession 
in  business. 

If  a  few  months'  test  convinces  business  men 
that  the  results  of  tariff  reduction  are  not  serious, 
then  the  undue  fears  of  those  having  them  will  be 
removed,  those  who  have  been  in  doubt  will  bo  re- 
assured, and  thereupon  the  incubus  on  business 
brought  about  through  tariff  doubts  will  be  re- 
juoved.  The  time  required  to  make  a  test  which 
will  be  reasonably  reassuring  or  otherwise  ought 
not  to  exceed  six  months. 

\\'ith  the  reduction  in  the  volume  of  business 
there  must  come  an  increase  in  idle  cash.  This  will 
have  a  tendency  to  encourage  investment  buying  of 
securities;  and,  if  the  tendency  develops  into  a  real 
movement,  it  will  come  at  a  fortunate  time,  for  never 
have  the  railroads  of  the  country  and  the  public 
service  corporations  needed  money  more  urgently 
for  the  purpose  of  refmuling  the  millions  of  short- 
time  obligations  which  will  shortly  fall  due  and  for 
making  needed  extensions  and  im]iroviments ;  and, 


when  these  enterprises  are  able  to  make  these  much 
needed  improvements  and  extensions,  which  have 
been  long  delayed,  there  must  follow  a  revival  of 
general  business. 

To  return  for  a  moment  to  the  question  of  a 
real  movement  toward  the  buying  of  investment  se- 
securities;  we  find  many  factors  which  tend  to  dis- 
courage such  a  movement,  the  principal  one  perhaps 
being  the  unfortunate  position  of  the  steam  rail- 
roads— the  largest  business  in  the  United  States. 
It  has  been  clearly  shown  in  the  recent  hearings 
before  the  Interstate  Commerce  Commission  in 
Washington  that  the  net  profits  of  the  steam  rail- 
roads have  decreased  while  the  gross  earnings  have 
been  increasing.  The  railroads  are  now  asking  for 
a  five  percent  increase  in  freight  rates ;  but,  even 
if  this  should  be  granted,  it  is  quite  possible  that 
the  relief  will  only  be  temporary  because  of  the  con- 
tinued demands  of  labor  for  additional  compensa- 
tion. (It  should  be  clearly  understood  that  no  com- 
ment is  made  upon  the  justice  or  right  of  labor  to 
receive  higher  wages ;  this  article  only  uses  the  fact 
and  does  not  comment  upon  it.)  The  demand  for 
higher  wages  incvita1)ly  results  in  arbitration,  and 
arbitration  means  some  concessions  to  labor.  Not 
only  are  the  railroads  confronted  with  decreasing 
net  earnings  and  constant  demands  for  higher 
wages,  but  the  natural  growth  of  the  country  de- 
mands of  them  extensions  and  improvements  which 
they  cannot  make  without  securing  additional  cap- 
ital, and  additional  capital  cannot  be  secured  while 
the  investor  so  clearly  sees  the  dangers  above  re- 
ferred to. 

The  only  agency  which  can  successfully  deny 
the  applications  of  a  community  for  improvement 
in  facilities,  the  demands  of  labor  for  higher  wages 
and  obtain  capital  at  low  rates  is  the  government 
itself.  It  appears,  therefore,  that  present  conditions 
tend  toward  governmental  ownership  of  steam  rail- 
roads. In  other  countries  this  has  usually  meant 
stagnation  of  development  and  a  decrease  in  effi- 
ciency and  excellence  of  service.  If  private  owner- 
ship is  to  continue,  the  inexorable  progress  of  this 
ring  of  circumstances  must  of  necessity  be  checked 
by  fundamental  economic  law,  for  no  statutory  laws 
looking  in  that  direction  are  probable.  Should  the 
country  be  entering  Upon  a  long  period  of  depression 
with  many  thousands  of  men  thrown  out  of  em- 
|)loymeut,  it  would  naturally  bring  about  what  is 
popularly  known  as  the  liquidation  of  the  labor  sit- 
uation, that  is  to  say  natural  conditions  of  supply 
and  demand  will  be  substituted  for  demands  en- 
forced by  combination. 

It  should  be  recognized,  however,  tiiai  tl-.e  com- 
bination of  capital  itself  through  which  great  corpo- 
rations have  been   created,  is  one  of  the  principal 
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forces  operating  against  the  so-called  liquidation  of 
labor.  For  example,  in  the  time  of  small  isolated 
manufacturing  plants  and  railroads,  difficulties  with 
employees  had  nothing  more  than  local  significance, 
and  a  nation-wide  strike  in  a  particular  industry  was 
a  matter  infinitely  more  difficult  to  bring  about. 
Therefore,  we  have  the  situation  that  combinations 
of  capital  support  and  strengthen  combinations  of 
labor;  and,  should  the  government  in  its  campaign 
against  so-called  trusts,  succeed  in  what  appears  im- 
possible to  achieve,  that  is  to  say,  a  more  or  less 
thorough  disintegration  of  corporate  combinations, 
there  would  probably  follow  more  or  less  weakening 
of  the  labor  combinations. 

Closely  allied  to  the  operation  of  the  above 
forces  stands  what  the  President  conceives  to  be 
his  greatest  engine  in  the  work  of  sustaining  a  sys- 
tem of  competitive  industries  as  opposed  to  large 
combinations,  and  that  is  the  proposed  currency  bill, 
which  is  designed  to  enable  small  borrowers  of 
money  more  readily  to  secure  capital  upon  which  to 
do  business.  Thus,  without  going  further  or  men- 
tioning such  outside  or  extraneous  matters  as  the 
threatening  Mexican  situation,  we  find  that  the  j-ear 
1913  is  bringing  to  an  issue  important  problems 
which  have  a  bearing  not  only  upon  our  commercial 
and  financial  prosperity  but  upon  the  very  fabric  of 
our  republican  form  of  government.  It  is  a  good 
time  for  thoughtful  men  to  think  on  these  broad 
questions  for  they  afifect  every  man  in  every  walk 
of  life. 


ELECTRICAL  DEVELOPMENT  IN   NEW 
YORK  CITY  AND  VICINITY 

H.  W.  Flashman 

THE  signing  of  the  contracts  between  the  City  of 
New  York  and  the  two  operating  railroad  com- 
panies, thus  ensuring  the  early  construction 
and  operation  of  very  considerable  extensions  to  the 
present  rapid  transit  facilities,  constitute  by  far  the 
most  imjxirtant  event  both  to  engineers  and  to  the 
general  public  in  New  York  City  during  1913.  The 
present  subway,  operated  by  the  Interborough  Rapid 
Transit  Company,  covers  a  single-track  mileage  of  yz 
miles  and  was  originally  designed  to  handle  400  000 
passengers  per  day.  The  average  load  in  1913  was  a 
million  per  day.  The  elevated  lines,  with  a  single- 
track  mileage  of  118  miles,  are  handling  close  to  one 
million  passengers  .per  day.  The  Brooklyn  Rapid 
Transit  elevated  lines,  with  a  single-track  mileage  of 
105  miles,  handle  700  000  passengers  per  day.  Under 
the  recent  agreements,  additional  third  trackage  is  to 
be  constructed  on  the  Manhattan  elevated  lines  so  that, 
in  future,  through  express  trains  can  be  operated  on 
three  avenues  from  the  uptown  districts  direct  into  the 
downtown  business  section. 

A  total  of  .$337  000  000  will  be  expended  on  the 
new  Dual  Subway  System,  of  which  the  City  of  New 


York  will  supply  $171  000000  to  be  devoted  to  con- 
truction  work  upon  lines  to  be  owned  by  the  city.  The 
Interborough  Rapid  Transit  Company  will  contribute 
$105000000  and  the  New  York  Municipal  Railways 
$61000000  towards  construction  and  equipment. 
Under  the  completed  Dual  Subway  System,  it  will  be 
possible  for  a  passenger  to  ride  direct  from  Broad- 
way by  subway  to  any  of  the  residential  districts  of 
Brooklyn,  and  there  will  be,  in  addition,  two  through 
subway  routes  on  Manhattan  in  place  of  the  present 
single  route.  Three  additional  tunnels  are  to  be  built 
under  the  East  River.  The  mileage  will  total  618.7 
single-trai.k  miles  and,  if  used  with  full  capacity,  will 
carry  more  than  three  billion  passengers  per  annum. 

The  physical  connection  of  the  New  York,  New 
Haven  &  Hartford  Railroad  and  the  Pennsylvania 
and  Long  Island  Railroad  systems  by  bridging  the 
East  River  at  Hell  gate,  thus  giving  through  routes 
from  New  England  to  the  West  and  to  the  docks  at 
South  Brooklyn,  is  a  very  important  development. 
Together  with  this  should  be  noted  the  remarkable  in- 
dustrial development  which  is  going  on  in  Queens  Bor- 
ough, through  which  this  new  railroad  will  pass. 

To  meet  the  power  requirements  of  these  increas- 
ing loads,  the  central  stations  are  installing  and  con- 
tracting for  turbines  of  larger  capacity  than  ever  be- 
fore contemplated.  Of  the  larger  machines,  contracts 
have  been  placed  for  three  30000  kilowatt  turbines 
and  seven  turbines  of  approximately  20000  kilowatts 
capacity  each. 

The  tendency  among  the  companies  supplying 
power  is  in  the  direction  of  concentration 
rather  than  toward  the  building  of  more  power 
houses.  With  these  large  units,  not  only  is  advantage 
taken  of  the  higher  efficiency,  but  the  power  stations 
are  enabled  to  more  than  double  their  capacity,  with- 
out the  acquisition  of  more  real  estate  or  the  erection 
of  further  buildings,  and  with  but  slight  increase  in 
labor  expense.  These  changes  in  the  engine  room 
have  been  carried  on  hand  in  hand  with  developments 
in  the  boiler  room  where  the  use  of  improved  under- 
feed stokers  has  made  it  possible  to  operate  boilers 
efficiently  at  much  higher  over-loads  than  formerly. 

The  year  1913  has  been  notable  for  the  wide  adop- 
tion of  the  Le  Blanc  rotary  air  pump  as  applied  to 
surface  condensers  in  connection  with  these  large 
units.  The  high  efficiency  of  this  pump  places  at  the 
service  of  the  power  station  operator  a  better  vacuum 
than  has  previously  been  obtainable  under  similar  con- 
ditions wilh  the  expenditure  of  relatively  less  power 
for  circulating  water. 

An  interesting  development  among  the  New 
York  surface  railway  systems  has  been  the  adoption  of 
the  stepless  "Pay  as  you  enter"  center-entrance  car. 
One  hundred  and  seventy-five  cars  equipped  with  field 
control  motors  and  automatic  controllers  are  being 
built  for  service  on  the  Broadway  line  of  the  New 
York  Railways  Company. 
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The  continued  success  of  hand  operated  unit  switch 
control  has  resulted  in  such  an  increase  as  to  make  a 
total  of  163  cars  so  equipped  by  tlie  Public  Service 
Railways  of  New  Jersey. 

There  has  also  been  considerable  activity  among 
the  large  central  stations  in  extending  their  service  to 
large  power  users,  even  to  the  taking  up,  in  the  case 
of  the  New  York  Edison  Company,  of  the  whole 
power  requirements  of  one  of  New  York's  principal 
street  railway  systems.  The  importance  of  the  elec- 
tric heating  load  has  also  been  brought  strongly  to 
the  attention  of  the  central  stations  as  a  means  of 
compensating  for  the  possible  loss  in  income  due  to 
the  development  of  low  wattage  incandescent  lamps. 
In  the  towns  surrounding  New  York,  vigomus  cam- 
paigns have  been  inaugurated  which  will  mean  a 
great  deal  to  the  development  of  the  communities 
themselves.  New  York  City  is  following  the  lead  of 
other  important  cities  in  investigating  the  replace- 
ment of  the  present  street-lighting  system  with  equip- 
ment in  line  with  the  latest  development. 

There  has  been  a  standardization  of  certain  in- 
teresting types  of  apparatus  by  the  power  companies 
as,  for  instance,  the  synchronous  booster  type  of 
rotary  converter  for  lighting  work.  Twenty-five  cycle 
units  of  this  type,  in  capacities  of  3  cxx)  kilowatts  verti- 
cal and  3  500  kilowatts  horizontal,  are  in  successful 
operation.  The  use  of  the  reduction  gear  has  been 
extended  still  further,  principally  for  driving  direct- 
current  generators  and  circulating  pumps  in  conjunc- 
tion with  surface  condensers.  By  this  means  an  ef- 
ficient high  speed  can  be  adopted  for  the  turbine  and 
the  driven  apparatus  can  be  run  at  a  speed  best  suited 
to  its  characteristics. 

In  the  field  of  motor  application,  certain  ideas 
have  crystallized  which  promise  far-reaching  effects 
in  business  development  Several  manufacturers  of 
apparatus  which  is  customarily  operated  electrically 
have  taken  the  stand  that  they  will  furnish  a  complete 
electricall;-driveii  outfit  and  that  their  guarantee  will 
cover  the  operation  of  the  outfit  as  a  unit  and  not  as  a 
pump,  compressor  or  machine  tool,  etc.  This  plan 
has  met  withh  general  favor  with  the  ultimate  users 
as  it  places  the  whole  responsibility  on  one  organiza- 
tion, and  it  has  had  the  effect  of  stimulating  the  busi- 
ness of  the  manufacturer. 

This  year  has  also  been  n9table  for  the  active  in- 
terest shown  by  the  financial  houses  in  the  electrical 
industry.  Perhaps  this  interest  has  never  been  so 
great  in  the  history  of  the  electrical  business  as  during 
the  first  three  months  of  this  year.  Much  valuable 
discussion  has  taken  place  and  the  profitable  possi- 
bilities of  electrical  investment  have  been  brought 
clearly  to  the  attention  of  bankers.  During  the  last 
nine  months,  however,  owing  to  the  high  value  of 
money,  action  on  their  part  has  been  delayed ;  but  the 
position  which  has  been  established  should  bear  much 
fruit  wlien  market  conditions  return  to  normal. 


The  getting  into  motion  of  the  "Society  for  Elec- 
trical Development,"  a  society  which  contemplates 
membership  from  all  those  interested  in  the  electrical 
industry  with  the  slogan  "Do  it  Electrically — Safety, 
Service,  Efficiency,  Economy,"  organized  for  the  pur- 
pose of  educating  the  public  to  the  further  uses  of  elec- 
trical energy,  is  by  no  means  the  least  important  of  the 
achievements  to  be  credited  to  1913. 


GOVERNMENT  ENGINEERING  WORK 
DURING  1913 

H.    M.    SOUTHGATE 

THE  passage  of  the  first  vessel  through  the  locks 
of  the  Panama  Canal  brings  that  great  engi- 
neering project,  of  all  the  electrical  activities 
of  the  government,  most  prominently  before  the  pub- 
lic. The  Panama  Canal  may  truly  be  said  to  be  an 
electrical  canal  inasmuch  as  all  operations  are  per- 
formed electrically,  instead  of  by  the  more  usual  hand 
or  hydraulic  methods.  Current  generated  at  Gatun 
from  the  surplus  water  not  required  for  lockage  will 
be  transmitted  to  all  locks  for  power  and  lighting. 
Opening  and  closing  the  gates,  filling  and  emptying 
the  locks,  and  hauling  the  vessels  in  and  out  of  the 
locks  is  performed  electrically.  Even  the  foot  bridge  to 
render  safe  passage  over  the  top  of  the  closed  gates 
is  placed  in  position  electrically,  and  electric  motors 
operate  the  various  safety  devices  for  protection  of 
gates  and  locks. 

To  prevent  a  vessel  in  the  locks  from  moving  too 
far  forward,  heavy  chain  fenders  are  drawn  taut  into 
position  across  the  lock  at  water  level  a  few  feet  in 
front  of  the  gates,  and  the  emergency  dams  to  pre- 
vent drav>'ing  off  the  lake  in  case  a  high  level 
gate  should  be  carried  away  by  a  vessel  getting 
out  of  hand  in  entering  the  locks  are  built  up 
electrically.  The  emergency  dam  consists  of  a  truss 
of  the  cantilever  type,  built  of  structural  steel,  which 
can  be  swung  out  over  the  canal  just  in  front  of  the 
head  gate.  When  in  position,  guides  are  lowered  to 
the  lock  sill  and  leaves  forced  between  the  guides, 
thus  damming  the  flow. 

As  vessels  will  not  be  allowed  to  enter  or  leave 
the  locks  under  their  own  p>ower,  hauling  locomotives 
or  tractors  are  installed.  Four  of  these  tractors  will 
be  used  for  each  vessel,  two  forward  and  two  astern, 
one  on  each  lock  wall.  Owing  to  the  different  levels 
of  the  locks,  and  the  necessity-  of  locating  machinery 
in  the  lock  walls,  these  tractors  must  be  able  to  mount 
steep  grades  with  a  rack  and  pinion  track  and  pass 
around  curves  of  short  radius. 

An  elaborate  central  control  system  has  been  in- 
stalled, so  that  all  operations  connected  with  valve 
and  gate  opening  and  closing  and  putting  the  chain 
fender  into  position  are  carried  on  from  a  central 
positon  on  each  lock. 

Coal  handling  plants  installed  at  both  ends  of  the 
canal  and  workshops  and  dn,-  docks  at  the  Pacific 
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cud  of  the  canal  are  other  electrical  develupinents. 

The  magnitude  of  the  Panama  Canal  work  has 
eclipsed  similar  work  at  home,  such  as  the  improve- 
ments of  the  St.  Mary's  river  at  the  falls  and  the 
building  of  liie  new  Sault  Ste.  Jtlaric  lock  which  is 
being  carried  out  by  the  engineering  corps  of  the 
Army.  Only  one  new  lock  is  required  for  this  work, 
but  its  overall  dimensions  of  i  350  ft.  by  80  ft.  are 
coni|)arable  to  those  of  Panama,  and  a  somewhat 
similar  arrangement  of  motor-operated  valves  and 
gates  is  being  installed. 

The  year  has  seen  the  completion  of  the  first 
government  vessel  electrical'y  operated,  the  collier 
Jupiter  having  been  receiUly  commissioned  and 
tested.  This  collier  was  built  at  the  Mare 
Tsland  Navy  Yard  and  is  equipped  with  a  high-speed 
turbo-generator  from  which  current  is  supplied  to 
alternating-current  motors  directly  connected  to  the 
propeller  shafts.  The  success  of  this  development 
will  be  watched  with  great  interest  and  compared  with 
the  floating  pinion  gear  drive  installed  on  the  govern- 
ment collier  Neptune.  These  two  colliers  are  practically 
sister  vessels,  and  in  each  case  the  problem  of  obtain- 
ing low  coal  consumption  and  reduced  weight  is  being 
solved  by  the  use  of  higher  speeds  in  the  turbine  and 
normal  speed  propellers,  the  connecting  link  in  the 
Jupiter  being  by  an  electric  reduction  gear,  and  in  the 
Neptune  by  a  mechanical  reduction  gear.  An  adapta- 
tion of  the  reduction  gear  has  been  operated  success- 
fully on  land  for  several  years  for  driving  direct- 
current  generators  by  high-speed  turbines,  and  this 
development  is  now  being  tried  out  for  marine  work. 

The  electric  steering  gear  and  electric  bake  ovens 
and  ranges  have  passed  through  their  probation  period 
in  marine  work  and  have  become  part  of  the  recog- 
nized equipment  of  the  newer  battleships  and  aux- 
iliaries. The  advantages  of  the  electric  steering  gear, 
especially,  should  open  up  a  broad  field  in  the  merch- 
ant marine. 

The  gyroscope  compass  has  also  come  to  stay 
and  is  being  installed  on  all  battleships.  Al- 
though electricity  is  but  a  secondary  factor  in  this  de- 
vice, it  makes  practicable  the  use  of  a  master  device 
located  in  the  depths  of  the  ship  safe  from  gun  fire. 
From  the  master  compass  the  electric  follow-up 
mechanism  carries  the  indication  of  the  true  points 
of  the  compass  to  as  many  positions  as  may  be  de- 
sired throughout  the  ship. 

The  high  powered  government  wireless  station 
at  Arlington,  \'a.,  has  been  in  successful  operation 
for  several  months,  and  arrangements  are  being  made 
for  the  daily  exchange  of  time  signals  with  the  Eiflfel 
tower  in  Paris.  This  station  is  the  first  of  a  proposed 
chain  of  high  powered  stations  intended  to  link  the 
Canal  Zone,  Hawaii,  Guam,  Philippine  Islands  and 
Alaska.  The  site  for  the  Canal  Zone  station  of  this 
system  has  just  been  definitely  located. 

Often  in  the  past  there  has  been  a  great  deal  of 
difficulty   in   supplying  material   to   meet  government 


specifications.  Many  times  the  service  required 
special  designs,  but  very  often  government  en- 
gineers lelt  that  ajjparatus  superior  to  that 
generally  offered  commercially  was  desirable.  With 
the  improvement  of  standard  electrical  equipment  this 
criticism  has  been  partially  met,  while  many  of  the 
unusual  requirements  of  the  government  are  now 
being  recognized  as  unnecessary.  The  desire  of  the 
government  engineers  to  modify  their  requirements  to 
conform  to  commercial  standards  as  far  as  the  service 
conditions  will  admit  and  the  steady  improvement  of 
commercial  apparatus,  is  bringing  the  government 
specifications  more  nearly  into  line  with  the  electrical 
manufacturers'  standards. 


THE  AMERICAN  ELECTRIC  RAILWAY 
ASSOCIATION 

Charles  N.  Black. 
President 

THE  American  Electric  Railway  Association, 
which  now  has  a  membership  controlling  over 
eighty  percent  of  the  electric  rail\va3'S  of  the 
country,  has  concluded  a  year  of  most  successful  ac- 
complishments. To  review  the  work  of  the  organi- 
zation in  detail  would  but  duplicate  the  published 
proceedings  of  the  various  Associations  of  which  it 
is  composed.  However,  certain  accomplishments 
Stand  out  so  prominently  that  they  may  safely  be 
said  to  indicate  the  line  of  action  which  the  Associa- 
tion is  pursuing. 

In  the  preparation  and  publication  of  the  En- 
gineering [Manual  a  very  distinct  contribution  to  the 
technical  side  of  electrical  railway  operation  has 
been  made.  The  standards  are  set  with  great  care 
and  recommendations  as  to  practice  are  made  only 
after  full  deliberation  and  with  great  conservatism. 
It  is  this  which  gives  value  to  these  standards  and 
recommended  practices,  and  their  collection  in  one 
volume  so  arranged  as  to  afford  ready  access  to 
all  matters  contained  therein  will  undoubtedly 
prove  of  the  very  greatest  use  to  the  engineering 
staff'  of  the  various  companies. 

A  committee  of  the  Accountant's  Association 
has  been  in  conference  with  the  officials  of  the  In- 
terstate Commerce  Commission  during  the  past 
year  and,  as  a  result,  changes  and  amendments  in 
the  Standard  Classification  of  Accounts  have  been 
prepared  which  will  shortly  be  presented  to  all  com- 
pany members  for  their  consideration.  Tlie  work 
done  by  the  committee  extends  over  a  period  of  sev- 
eral years,  and  the  industry  as  a  whole  owes  a  debt 
of  gratitude  to  this  Association  for  its  eft'orts  in  as- 
sisting in  the  preparation  of  a  standard  classification 
which  reflects  the  ideas  and  methods  of  men  actually 
engaged  in  the  railway  business,  as  well  as  those 
of  go\ernment  officials. 

By  the  approval  of  the  report  of  the  Committee 
on  \\'elfare  of  Employes,  the  Association  has  gone 
on  record  as  advocating  a  policy'  to  a  marked  degree 
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more  liberal  and  advanced  than  anj-  jet  adopted  by 
any  organization  of  employers  in  America. 

The  movement  to  secure  an  equitable  and  sat- 
isfactory arrangement  for  the  joint  use  of  poles,  as 
evidenced  by  the  report  of  the  committee  having 
this  matter  in  hand,  has  made  marked  progress,  and 
when  successfully  carried  out  will  be  a  noteworthy 
advance  in  the  plan  of  beautifying  the  streets  of 
cities  and  towns. 

The  past  year  has  seen  the  inception  of  a  plan 
for  a  careful,  thorough  and  exhaustive  study  of  the 
fare  question  by  the  inauguration  of  the  Fare  Re- 
search Bureau,  which  will  unquestionably  lead  to 
big  results.  The  Committee  on  the  Cost  of  Passen- 
ger Transportation  Service,  after  some  years  of 
careful  consideration  of  this  important  question, 
which  was  referred  to  it,  decided  that  only  by  such 
a  study  of  the  question  as  will  fortify  the  companies 
with  exact  facts  and  exact  figures  relative  to  the 
cost  of  passenger  transportation,  can  headway  be 
made  in  the  matter  of  securing  a  return  commen- 
surate with  the  services  performed. 

In  the  matter  of  Publicity,  the  Acra.  the  organi- 
zation's magazine,  has  inaugurated  a  campaign 
which  promises  great  results.  Its  aim  has  been  to 
present  to  the  members  of  the  Association  the  true 
situation  as  regards  present  conditions  and  to  edu- 
cate them  to  the  necessity  of  action  along  concerted 
lines.  Through  the  skilled  efforts  of  the  Aera's  ed- 
itor, a  carefully  thought  out  and  well  directed  plan 
of  securing  publicity  to  the  proceedings  of  the  vari- 
ous Associations  at  their  convention  was  put  into 
effect  with  a  degree  of  success  that  shows  beyond 
question  that  much  can  be  accomplished  by  further 
development  and  expansion  of  this  policy. 

A  resume  of  the  work  of  the  past  year  would 
not  be  complete  without  mentioning  the  magnifi- 
cent exhibition  arranged  for  at  the  Atlantic  City 
Convention  by  the  Manufacturers'  Association.  It 
was  a  display  of  electrical  railway  apparatus  and 
dences  which  reflected  in  a  graphic  manner  the  de- 
velopment and  improvement  in  electric  railway 
practice,  and  illustrated  how  engineers  and  supply 
men  have  marched  together  in  the  wonderful  ad- 
vance made  in  electric  railvva\'  progress. 

The  work  of  the  Association  during  the  year 
has  shown  conclusively  that  the  Association  is  ful- 
filling the  purpose  for  which  it  was  organized ;  that 
it  has  a  well  defined  field  of  action ;  and  that  the 
task  before  it  is  one  worthy  of  the  best  thought  and 
efforts  of  the  high  class  of  men  who  are  giving  so 
freely  of  their  time  and  energy  to  the  organization's 
welfare.  The  present  is  an  important  period  in  the 
life  of  the  Association,  and  the  most  important  work 
that  lies  before  it  during  the  coming  year  is,  in  my 
opinion,  the  question  of  public  relations.  It  is  the 
purpose  of  the  present  officers  to  deal  with  this  im- 
portant matter  in  a  way  which  the  magnitude  of  the 


subject  demands,  through  a  Committee  on  Public 
Relations,  recruited  not  only  from  the  ab' 
in  the  ranks  of  the  railway  operators,  but  a 
the  banking  and  manufacturing  interests  as  well. 
Practically  all  of  the  work  of  the  American  Associa- 
tion is  closely  related  to  this  Committee,  and  its  im- 
portance cannot  be  over-estimated. 

The  problem  with  which  this  Commiiuc  nuir-t 
ileal  may  be  stated  briefly  in  this  way: — 

Conditions  in  the  electric  railway  industry  are 
unsatisfactory;  it  is  being  subjected  to  attack  from 
many  directions  and  from  many  sources.  Capital 
has  been  driven  from  the  field  of  electric  railway 
investment;  new  construction  has  halted;  theories 
antagonistic  to  the  interests  of  the  holders  of  elec- 
tric railway  securities  are  being  advanced  on  every 
side ;  the  existence  of  the  industry  as  at  present  con- 
stituted is  threatened ;  capital  invested  in  good  faith 
B  in  danger  of  practical  confiscation. 

This  state  of  affairs  has  arisen,  it  is  believed, 
because  of  a  lack  of  understanding  on  the  part  of 
the  public  of  the  real  conditions  existing,  and  be- 
cause there  has  never  been  a  concerted  organized 
attempt  made  to  correct  this  misunderstanding.  To 
secure  a  correction  of  these  conditions,  to  present 
the  true  facts  to  the  public  and  to  formulate  a  definite 
working  policy  which  may  be  pursued  by  this  As- 
sociation in  its  future  action  along  the  lines  indicated, 
is  the  scope  of  the  Committee  on  Public  Relations. 

If  such  a  policy  as  will  take  care  of  the  matters 
to  be  considered  by  this  Committee  can  be  formu- 
lated during  the  coming  year,  a  very  distinct  for- 
ward step  will  have  been  taken,  and  if,  in  addition, 
the  work  already  begun  through  Aera  and  through 
such  small  beginnings  in  a  publicity  way  as  have 
been  attempted,  can  be  further  pursued,  a  period 
will  be  inaugurated  which  will  be  a  banner  one  in 
the  history  of  the  American  Electric  Railwav  Asso- 
ciation. 


THE  AMERICAN  INSTITUTE  OF  ELEC- 
TRICAL ENGINEERS 

F.    L.    HUTCHI.NSON, 

Secretary 

AREX'IEW  of  the  activities  of  the  American 
Institute  of  Electrical  Engineers  for  the  year 
1913  indicates  the  numerous  and  varied  ad- 
vantages of  membership  to  the  individual  electrical 
engineer  and  the  constantly  increasing  usefulness  of 
the  organization  to  the  entire  electrical  engineering 
profession. 

The  Section  and  Branch  organizations  have  con- 
tinued to  show  remarkable  activity,  and  their  value  to 
the  local  membership,  as  well  as  their  influence  in  the 
work  of  the  Institute,  is  becoming  more  apparent  each 
year.  Several  new  Branches  have  been  autliorized  in 
technical  institutions  during  the  year,  and  Sections 
have  been  organized  in  Spokane  and  Panama.    There 
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are  now  thirty  Sections  located  in  the  principal  cities 
of  the  United  States,  Canada  and  Mexico  and  forty- 
seven  Branches  in  institutions  of  learning  having 
courses  of  instruction  in  electrical  engineering.  Sta- 
tistics for  the  year  show  that  the  number  of  meetings 
held  by  the  Sections,  and  the  average  attendance  at 
these  meetings,  have  been  greater  than  in  any  pre\ious 
year. 

In  addition  to  the  local  meetings  referred  to 
above,  and  regular  monthly  meetings  at  New  York, 
tlie  following  conventions  and  other  Institute  meet- 
ings have  been  held  during  the  year: — 

A  Midwinter  Convention  held  at  Institute  head- 
quarters in  New  York,  February  26-28,  1913,  under 
the  auspices  of  the  Standards  Committee,  marked  a 
departure  from  the  usual  program  of  Institute  meet- 
ings of  the  convention  type,  being  the  tirst  convention 
to  be  held  in  New  York  since  the  Institute  was  or- 
ganized. The  meeting  was  eminently  successful  from 
the  standpoint  of  the  results  accomplished.  The  data 
presented  in  the  various  papers  and  discussions  will 
be  of  great  value  to  the  Standards  Committee  in  for- 
mulating its  revision  of  the  Standardization  Rules. 
Forty-four  papers  were  presented  in  brief  abstracts, 
and  the  balance  of  the  time  was  devoted  to  the  dis- 
cussion. The  registered  attendance  at  the  convention 
was  422. 

A  two-day  meeting  was  held  in  Pittsburgh,  Pa., 
on  April  18  and  19,  under  the  auspices  of  the  Pitts- 
burgh Section,  and  the  Committee  on  the  Use  of  Elec- 
tricity in  Mines.  Eight  technical  papers  were  pre- 
sented, and  the  total  registered  attendance  was  about 
300  members. 

The  annual  convention  was  held  in  Coopers- 
town,  N.  Y.,  June  23-27,  and  it  will  go  down  in  the 
annals  of  the  Institute  as  one  of  the  most  profitable 
and  enjoyable  ever  held.  Twenty-six  papers  were 
presented,  the  number  being  limited  in  order  to  eli- 
minate parallel  sessions  and  afford  longer  time  for 
discussion. 

The  Fifth  Annual  Pacific  Coast  Convention  was 
held  in  \'ancouver,  B.  C,  on  September  9-1 1.  Six 
excellent  papers  were  presented  on  a  variety  of  sub- 
jects, some  being  especially  applicable  to  develop- 
ments and  industries  on  the  coast.  The  registered  at- 
tendance was  154,  and  the  convention  was  decidedly 
successful,  from  a  technical  as  well  as  from  a  social 
standpoint. 

On  October  13,  the  Institute  held  a  meeting  in 
Philadelphia,  Pa.,  under  the  auspices  of  the  Philadel- 
phia Section.  Three  technical  papers  were  presented 
at  this  meeting,  and  the  registered  attendance  was  204. 
The  Institute's  policy  of  holding  general  meetings 
in  various  sections  of  the  country  has  proved  to  be 
one  of  the  most  valuable  measures  introduced  into  its 
activities  in  recent  years.  Not  only  do  these  meetings 
afford  opportunities  for  the  presentation  and  discus- 


sion of  technical  subjects  of  interest  to  a  large  pro- 
portion of  the  membership,  but  they  also  provide  suit- 
able social  occasions  for  renewing  and  extending  ac- 
quaintanceship with  other  engineers.  Furthermore, 
ttie  meetings  emphasize  the  national  character  of  the 
Institute  and  widen  its  scope  and  influence. 

Upon  the  suggestion  of  President  Mershon,  the 
Electrophysics  Committee  arranged  with  Professor 
Edwin  Plimton  Adams,  of  Princeton  University,  for 
the  presentation  before  the  Institute  of  a  series  of  lec- 
tures on  the  subject  of  radio-activity.  Professor 
Adams,  one  of  the  best  known  authorities  on  radio- 
activity in  this  country,  delivered  the  lectures  in  New 
York  during  the  latter  part  of  March  and  the  early 
part  of  April.  The  widespread  interest  manifested 
in  these  lectures  prompted  the  Board  of  Directors  to 
authorize  the  publication  of  the  series  in  the  Institute 
Proceedings  in  order  that  the  entire  membership 
might  have  an  opportunity  of  obtaining  practical  and 
theoretical  knowledge  of  this  interesting  and  impor- 
tant subject.  These  lectures  have  also  been  reprinted 
in  pamphlet  form  for  sale  at  a  nominal  price. 

An  index  to  the  Institute's  Transactions,  in  two 
volumes,  covering  the  period  from  the  organization  of 
the  Institute  (1884)  to  1910  inclusive,  was  completed 
during  the  year  under  the  direction  of  a  committee 
appointed  for  this  work ;  a  similar  index  is  now  pub- 
lished in  each  annual  volume  of  the  Transactions,  be- 
ginning with  191 1.  The  index  consists  of  two  separ- 
ate parts;  first,  an  index  of  papers  in  which  they  are 
classified  in  natural  groups  and  chronologically  ar- 
ranged in  each  group;  second,  a  topical  index  of  spe- 
cific data  and  information,  arranged  alphabetically 
This  index  is  of  great  value  to  searchers  for  data 
upon  any  given  subject,  as  there  is  a  mass  of  valuable 
information  in  the  Transactions,  much  of  which  can- 
not readily  be  found  except  by  reference  to  the  classi- 
fied or  topical  index. 

During  the  early  part  of  the  year,  the  Institute 
took  up  the  important  subject  of  electrolysis,  and  ini- 
tiated a  movement  for  the  formation  of  a  national 
committee  to  consider  the  subject  broadly  and  en- 
deavor to  agree  upon  basic  principles  or  methods  of 
procedure  to  be  followed  in  case  of  electr.  lytic  dis- 
putes. Several  other  technical  organizations  were  in- 
vited to  appoint  representatives  upon  the  proposed 
joint  committee,  and  nearly  all  accepted.  The  com- 
mittee is  now  organized,  and  it  is  expected  that  the 
results  of  its  labors  will  be  valuable,  not  only  to  the 
engineering  profession,  but  also  to  the  general  public. 

The  Institute  has  undertaken  to  participate  in  the 
work  of  the  International  Illumination  Commission, 
a  bodv  organized  and  to  be  conducted  somewhat  sim- 
ilarly to  the  International  Electrotechnical  Commis- 
sion, and  has  recently  appointed  representatives  upon 
the  Commission's  U.  S.  Committee,  upon  which  two 
other  American  organizations  are  also  represented. 
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In  the  Institute's  library  a  very  important  work 
is  now  carried  on  in  the  research  department,  which 
was  established  about  three  years  ago  in  order  to 
place  the  facilities  of  the  library  at  the  service  of  out- 
of-town  members.  Upon  application,  bibliographies 
are  prepared  on  any  desired  engineering  subject,  and, 
if  desired,  copies,  abstracts,  translations,  or  photo- 
graphs are  supplied.  A  small  fee  is  charged  for  this 
work.  Since  the  inauguration  of  this  service  over 
500  bibliographies  have  been  prepared  for  members 
and  others  in  \-arious  parts  of  the  world. 

By  the  unanimous  vote  of  all  the  members  of 
the  Edison  Medal  Committee,  the  fourth  Edison 
Medal  was  awartled  on  December  13,  1912,  to  Mr. 
\\iiliam  Stanley,  of  Great  Harrington,  Mass.,  "for 
meritorious  achievement  in  invention  and  develop- 
ment of  alternating-current  systems  and  apparatus." 
The  presentation  w-as  made  at  the  Annual  Convention 
at  Cooperstown,  N.  Y.,  in  June,  1913. 

Considerable  work  has  been  done  in  connection 
with  the  International  Electrical  Congress  to  be  held 
in  .San  Francisco  in  September,  1915.  The  Executive 
Committee  of  tiie  Committee  on  Organization  has 
been  reorganized,  and  a  list  of  twelve  Sections,  into 
which  the  congress  is  to  be  divided,  has  practically 
been  decided  upon,  as  follows : — Generation,  trans- 
mission and  distribution ;  apparatus  design ;  electric 
traction  and  transportation ;  electric  power  for  indus- 
trial and  domestic  use ;  lighting  and  illumination : 
protective  devices ;  electro-chemistry  and  electro- 
metallurgy ;  telegraphy  and  telephony ;  electrical  in- 
struments ;  central  station  economies ;  electro-physics ; 
miscellaneous.  The  Executive  Committee  of  the 
Committee  on  Organization  is  now  actively  at  work 
upon  its  preparations  for  the  congress. 

The  Institute  has  also  appointed  its  representa- 
tives upon  the  Committee  of  Management  of  the  In- 
ternational Engineering  Congress,  which  is  to  be  held 
during  the  week  following  the  Electrical  Congress. 
This  committee  is  also  active  in  its  preliminary  work 
01  organization. 

With  the  sanction  of  the  Board  of  Directors,  an 
innovation  in  the  method  of  carrying  on  the  work  of 
the  Institute  was  introduced  and  put  into  operation  by 
President  C.  O.  Mailloux  upon  his  accession  to  office 
last  August.  The  plan  provided  for  the  grouping  of 
the  various  committees  of  the  Institute  into  six  de- 
partments, with  a  vice-president  and  a  manager  as- 
signed to  each  department  as  councillor  and  vice- 
councillor  respectively;  these  twelve  officers,  with  the 
addition  of  some  ex-officio  members,  forming  a  Ways 
and  Means  Committee,  principally  for  the  purpose  of 
correlating  the  work  of  the  various  committees.  Im- 
portant changes  have  also  been  made  in  the  organiza- 
tion of  some  of  the  committees.  Chief  among  these 
was  the  formation  of  an  Electric  Power  Committee, 
comprising  seven  sub-committees  upon  the  following 
subject : — Power   station,    power   generation,    protec- 


tive apparatus,  transmission,  distribution,  economics, 
and  engineering  data.  Additional  technical  commit- 
tees have  been  authorized  and  appointed  during  the 
year  upon  the  following  subjects : — Use  of  electricity 
in  mines ;  use  of  electricity  in  marine  work ;  records 
and  appraisals  of  properties;  electrically-propelled 
vehicles ;  technical  lectures. 

The  numerous  committees  and  officers  of  the  In- 
stitute are  active  in  the  special  work  and  duties  within 
their  scope;  the  policy  of  cooperation  with  other  tech- 
nical societies  is  being  extended  through  many  joint 
committees  and  otherwise:  the  field  of  the  Institute's 
activities  is  broadening;  and  there  is  every  indication 
that  the  future  results  will  be  of  steadily  increasing 
value  to  the  engineering  profession. 


THE  STEAM  POWER  PLANT  SITUATION 
H.  A.  Rapelye 

IN  a  review  similar  to  this,  written  at  the  close  of 
1912,  the  general  tendency  toward  large  turbine 
units  was  indicated.  This  has  been  well  born  out 
in  the  past  twelve  months,  as  during  this  period  sev- 
eral machines  of  30000  kw  capacity  have  been  pur- 
chased. In  one  instance  three  of  them  were  included 
in  a  single  order,  marking  what  is  probably  the  most 
significant  prime  mover  contract  ever  awarded. 

In  addition  to  their  remarkably  high  cyclic  effi- 
ciency, about  75  percent,  these  units  possess  mechan- 
ical features  of  the  greatest  interest.  Each  unit  is  in 
two  complete  sections,  high  and  low  pressure,  each 
section  driving  its  own  generator;  This  construction, 
while  a  partial  reversion  to  the  practice  of  1900  or 
thereabouts,  when  two  sections  were  coupled  to  the 
same  generator,  has  been  adopted  for  several  reasons. 
The  most  important  of  these  concern  the  reliability 
and  efficienc}'  of  the  units.  As  they  wmII  be  used  prac- 
tically continuously  at  or  verv*  near  their  rated  capac- 
ity, both  qualities  must  be  present  in  the  highest  de- 
gree, even  at  some  additional  initial  cost. 

With  the  completion  of  the  design  for  these  units 
the  point  in  prime  mover  art  has  been  reached  at 
which  the  user  of  electrical  generating  apparatus  has 
all  limits  of  unit  size  removed  so  far  as  the  apparatus 
itself  is  concerned.  It  is  possible  to  state  at  this  time 
that  a  turbine  unit  of  too 000  kw  capacity  can  be  suc- 
cessfully designed  and  constructed  whenever  there  is 
a  power  system  which  can  make  use  of  it  to  advantage. 

Low  pressure,  non-condensing  and  bleeder  tur- 
bines, as  well  as  the  large  class  generally  referred  to  as 
small  turbines,  find  a  better  market  with  each  succes- 
sive year.  This  probably  will  not  be  true  of  the  low 
pressure  turbine  five  years  from  now.  On  the  other 
hand,  it  will  then  be  even  more  applicable  in  the  case 
of  the  bleeder  machine.  The  latter  is,  in  a  broad 
sense,  the  universal  turbine,  since  it  combines  in  a 
single  unit,  all  of  the  other  types.  By  comparatively 
simple  attachments  it  may  be  arranged  to  operate  as 
either    a    complete    expansion,    non-condensing,    low 
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pressure,  or  mixed  pressure  inachinc.  Several  appli- 
cations of  such  machines,  capable  of  automatic  oper- 
ation have  been  made  in  the  i)ast  year. 

Reduction  gearing  for  turbines  has  completely 
justified  the  claims  of  those  responsible  for  its  orig- 
inal development.  One  of  the  most  interesting  prob- 
lems of  modern  mechanics  was  presented  in  the  de- 
sign of  such  gearing.  The  long,  slender  pinion  shaft, 
made  necessary  by  the  high  rotative  speed  of  turbines, 
is  subjected  to  considerable  twisting,  and  to  insure 
proper  action  of  the  gear  teeth  under  these  conditions 
some  exceedingly  clever  engineering  was  required. 
Tlie  American  solution  consisted  in  the  introduction 
of  an  hydraulic  support  for  the  bearings  of  the  pinion 
shaft,  which  is  thus  enabled  to  align  itself  automatic- 
ally in  such  a  way  as  to  apply  an  equal  load  to  all 
portions  of  the  tooth  surfaces.  Europe  has  been  slow 
to  adopt  or  commend  this  arrangement  until  within 
the  last  few  months,  when  the  most  eminent  of  foreign 
turbine  and  gear  builders  accepted  it  as  the  correct 
solution.  He  has  used  it  in  another  form,  almost 
equivalent,  since  that  time.  The  fifty  or  more  Ainer- 
ican  built  outfits  involving  comparatively  high  speed 
turbines  connected  through  this  gearing  to  low  speed 
rotative  apparatus  of  various  kinds  continue  to  give 
complete  satisfaction. 

The  great  impetus  given  to  the  condenser  building 
art  by  the  standardization  of  the  turbine  is  still  in 
evidence.  During  the  past  year  there  have  been 
recorded  a  number  of  instances  of  surface  condensers 
which  were  giving  heat  transfers  approximately  twice 
as  great  as  those  which  were  considered  to  be  the 
limits  of  older  practice.  Although  these  results  are 
due  to  an  increased  appreciation  by  designers  of  the 
importance  of  several  factors,  the  greater  part  of  the 
credit  must  be  given  to  the  hydraulic  air  pump.  Al- 
though a  decided  innovation  at  the  time  of  its  intro- 
duction about  five  years  ago,  it  now  has  the  endorse- 
ment of  almost  every  important  condenser  builder  in 
America  and  Europe,  and  in  the  most  approved  form 
its  positive  action  and  general  desirability  mark  it  as 
one  of  the  most  effective  elements  in  the  success  of 
modern  power  plants.  Its  influence  is  not  confined  to 
surface  condenser  work,  for  the  jet  condenser  has  also 
made  great  forward  steps  since  the  first  application 
of  this  principle  to  air  removal.  Many  plants  located 
in  warm  and  humid  climates,  where  the  effectiveness 
of  cooling  towers  or  spray  nozzles  was  reduced  to  a 
low  point,  have  found  wonderful  possibilities  in  jet 
condensers  equipped  with  these  air  pumps.  Due  to 
the  close  approach  to  theoretically  perfect  perfocm- 
ance  which  they  insure,  vacua  have  been  greatly  in- 
creased, or  condensing  apparatus  with  a  water  cooling 
system  has  been  installed  where  it  was  previously  con- 
sidered unjustifiable. 

The  field  of  the  internal  combustion  engine  is  not 
undergoing,  and  probably  will  not  undergo,  any  further 
changes  of  great  importance.     It  is  probable  that  the 


coke  oven  gas  engine  will  find  a  wider  usefulness  as 
the  iron  and  steel  manufacturers  adopt  more  widely 
the  use  of  biproduct  coke  ovens.  Gas  producers  are 
so  intimately  associated  with  internal  combustion  en- 
gines that  the  same  remarks  apply  to  them.  Along 
the  lines  of  last  year's  suggestion,  it  is  interesting  to 
note  that  producer  gas  has  been  satisfactorily  demon- 
strated to  surpass  either  oil.  coke  or  electricity  in  brass 
melting,  whether  the  fuel  used  be  anthracite  or  bi- 
tuminous. There  appear  to  be  considerable  possibil- 
ities along  these  lines. 

Mechanical  stokers  of  the  forced  draft  type  may 
be  compared  to  the  large  capacity  turbine  in  that  they 
have  now  reached  a  point  where  the  limits  of  capacity 
lie  with  the  boiler  and  flues  rather  than  with  the 
stoker.  It  is  possible  to  burn  on  such  a  stoker,  with 
good  efficiency  and  low  operating  cost,  sufficient  coal 
to  generate  more  heat  than  the  present  type  of  boiler 
can  absorb.  From  such  combustion  there  results  a 
volume  of  burned  gas  so  great  that  new  practice  in 
flue  and  offtake  design  must  soon  develop. 


TENDENCIES  IN  AIR  BRAKE  DEVELOP- 
MENT 
S.  W.  Dudley 

FOLLOWING  naturally  after  the  development 
of  new  air  brake  devices  and  methods  to  meet 
the  new  operating  requirements  of  the  past 
few  years,  the  year  1913  has  been  characterized  by- 
further  improvement  of  details  rather  than  the  in- 
troduction of  advanced  types  of  complete  appara- 
tus. There  has  been  a  marked  advance  in  the  de- 
gree to  which  the  air  brake  has  come  to  be  recog- 
nized as  a  source  of  revenue  as  well  as  of  conveni- 
ence and  safety  in  operation.  An  example  is  the 
extension  of  the  principle  of  the  automatic  car  and 
air  coupler  to  the  automatic  connecting  of  whatever 
wires  have  to  extend  continuously  between  the  cars, 
such  as  control  circuits,  signal  circuits  and  brake 
circuits.  The  principle  is  not  a  new  one,  but  until 
the  past  year  what  had  been  accomplished  in  the 
direction  of  adaptability,  reliability  and  low  cost  of 
maintenance  left  nuich  to  be  desired.  Special  stud)"^ 
of  the  severe  service  conditions  of  the  Xew  York 
Interborough  Railway  was  made,  with  a  view  of 
producing  a  coupler  automatically  connecting  the 
draw-bars,  the  air  brake  hose  connections  and  the 
electric  train  circuits  in  such  a  way  as  to  satisfac- 
torily meet  the  requirements  of  congested  service 
where  the  importance  of  time  justifies  every  ffort 
in  the  direction  of  automatic  and  time  saving  ap- 
paratus. Twenty  cars  of  the  Pacific  Electric  Com- 
panv  are  being  equipped  with  this  type  of  coupler. 

The  design  and  construction  of  brake  valves, 
for  use  with  light  city  ser\ice  car  brake  equipments, 
and  those  for  heavier  multiple-unit  cars  running 
either  singly  or  in  trains,  have  been  improved  by 
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])n)\i(ling  a  greater  range  of  adaptability,  more  cou- 
\  enient  manipulations  and  simpler  construction. 

An  interesting  development  in  air  compressors 
for  electric  road  service  during  the  past  year  has 
been  brought  about  by  the  use  of  a  phase  converter 
for  driving  the  compressor.  This  idea  is  in  reality 
an  outgrowth  fri>m  the  dynamotor-compressor  prin- 
ciple, ■which  in\olves  the  intermittent  operation  of 
a  compressor  driven  from  a  continuously  operating 
dynamotor  through  an  automatic  air-operated 
clutch.  The  recent  electrification  of  a  portion  of 
the  Xorfolk  &  \\'estern  Railway,  using  single-phase 
transmission  and  polyphase  induction  motors  on  the 
locomotives,  necessitates  the  use  of  a  continuously 
running  phase  converter  on  each  locomotive.  It 
was  seen  that  this  converter  could  be  used  to  ad- 
vantage for  dri\ing  the  compressor.  A  three-cyl- 
inder compound  comjjressor  of  the  type  now-  in  use 
on  the  Penns3lvania  Tunnel  &  Terminal  locomo- 
tives was  modified  so  that  a  gear  and  pinion  connec- 
tion could  be  made  to  the  extended  converter  shaft. 
Machines  of  this  type  are  now  being  installed  on 
the  X.  &  \\  .  electric  locomotives.  The  normal 
speed  of  the  converter  shaft  is  750  r.p.m.  and  that 
of  the  compressor  crank  shaft  is  220  r.p.m. 

Further  improvements  in  motor-driven  air  com- 
pressor design  and  construction  have  been  in  the 
direction  of  providing  more  effective  protection  to 
the  working  parts  of  the  compressor  from  dirt,  in- 
suring sufficient  lubrication  and  the  elimination  of 
"oil  throwing."  If  dirt  can  be  kept  out  of  the  com- 
pressor and  if  the  lubricating  oil  can  be  retained  in 
the  compressor  and  made  to  perform  its  intended 
function  instead  of  being  passed  on  by  the  com- 
pressed air  into  the  storage  reservoirs  and  thence 
into  the  brake  system,  the  problems  of  maintenance 
will  have  been  largely  solved.  Progress  in  these 
directions  has  been  made  by  means  of  improved  de- 
sign and  construction  of  pistons  and  cylinders,  the 
use  of  adequate  protectors  for  the  compressor  in- 
take, and  the  complete  closing  of  the  compressor 
crank  case,  except  for  one  outlet  connected  to  the 
intake  passageways  which  affords  the  necessary 
outlet  to  take  care  of  air  pulsations. 

The  tendency  in  the  direction  of  a  composite 
or  universal  equipment  having  a  simple  form  of 
triple  valve  as  a  base  to  which  any  portions  can 
be  added  as  required  according  to  the  character  of 
the  service  demanded  of  the  installation,  as  noted 
a  year  ago,  has  continued,  the  "universal"  type  of 
valve  device  being  recognized  as  a  logical  develop- 
ment following  the  independent  solution  of  individ- 
ual problems  as  they  have  arisen  in  the  past.  This 
form  of  apparatus  has  proven  extremely  adaptable 
on  account  of  the  slight  changes  in  its  unit  portions 
required  to  meet  a  wide  range  of  conditions.  A  case 
in  point  is  the  application  of  this  general  form  of 
apparatus  to  the  one  man  operated  cars  of  the  Illi- 


nois Traction  System,  in  which  case  modifications 
of  the  apparatus  had  to  be  made  to  enable  the  mo- 
torman.  by  means  of  the  brake  valve  handle,  to 
manipulate  not  only  the  air  brakes  but  also  control 
the  operation  of  sanding  valves  and  door  opening 
mechanisms.  During  the  past  year  the  cars  of  the 
Pacific  Electric  Company,  the  Peninsular  Railway 
Company,  the  San  Jose  Railway  Company,  the  Port- 
land, Eugene  &  Eastern  Railway,  and  experimental 
trains  on  the  Metropolitan  Elevated  of  Chicago, 
have  also  been  equipped  with  air  brake  apparatus 
of  the  universal  type,  arranged  for  pneumatic  opera- 
tion at  present,  but  with  the  possibility  of  changing 
to  electro-pneumatic  control  of  the  brakes  at  any 
time,  by  the  addition  of  the  unit  portion  carrying 
the  service  application,  emergency  application  and 
release  magnets  and  the  automatic  emergency  ap- 
plication switch.  In  some  of  these  installations  the 
brake  valve  used  is  of  the  combined  straight  air 
and  automatic  type  so  that  by  the  movement  of 
the  single  brake  valve  handle  the  motorman  can 
operate  the  brakes  on  a  car  running  singly  as  with 
the  simple  type  of  "straight  air"  equipments  while 
for  train  operation  the  features  required  for  the  op- 
eration of  the  automatic  brake  apparatus  are  pro- 
vided, these  features  being  so  combined  that  either 
pneumatic  or  electro-pneumatic  control  may  be  em- 
ployed as  desired. 

During  the  year  the  Pennsylvania  Railroad 
Company  has  tested,  adopted  as  standard  and 
equipped  some  450  of  their  standard  "P-70"  steel 
cars  running  in  through  passenger  service  with  the 
universal  control  (UC)  brake  equipment.  This  ap- 
paratus is  similar  to  that  already  referred  to  in  con- 
nection with  electric  road  service  but  adapted  to  the 
requirements  of  steam  railroad  passenger  service. 
The  primary  distinction  between  steam  and  electric 
service  from  the  standpoint  of  brake  operation,  lies 
in  the  methods  by  wdiich  the  compressed  air  re- 
quired for  braking  purposes  is  made  available.  In 
steam  road  service,  the  source  of  air  supply  is  lo- 
cated on  a  single  vehicle  (the  locomotive)  at  the 
h.ead  end  of  the  train,  and  a  single  pipe  (the  brake 
pipe)  extends  the  entire  length  of  the  train.  This  senes 
the  double  purpose  of  conducting  to  each  car  in  the 
train  the  supply  of  compressed  air  required  for  the 
operation  of  its  particular  brakes,,  and  providing 
means  for  causing  the  automatic  brake  apparatus 
on  each  car  to  respond  according  to  the  manipula- 
tion' of  the  engineer's  brake  valve  handle.  In  elec- 
tric road  service,  however,  there  is  a  source  of  air 
supply  in  each  motor  car  and  by  the  use  of  a  second 
pipe  through  the  train,  called  the  main  reservoir 
pipe,  connecting  the  main  air  reservoirs  of  each 
motor  car  to  each  other  and  to  the  operating  brake 
valve,  the  supply  from  each  motor  car  is  made  avail- 
able for  braking  purposes  on  the  entire  train. 

The  use  of  the    tiiii\iT-nl    tvne    of    air    brake 
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cquipniciU  affords  not  only  a  greater  protection 
against  the  more  or  less  serious  difficulties  experi- 
enced in  handling  long  trains  with  the  older  type 
of  brake,  but  also  provides  a  brake  having  greatly 
improved  pneumatic  service  and  emergency  features 
and  paves  the  way  for  the  adoption  of  electrical  con- 
trol for  brakes  in  both  electric  and  steam  road  serv- 
ice as  soon  as  complete  trains  of  this  equipment  be- 
come the  rule. 

In  order  to  determine  what  might  be  expected 
from  the  various  available  combinations  provided 
by  this  improved  equipment  the  Pennsylvania 
Railroad  Company  made  a  thorough  investigation 
of  the  performance  of  the  new  brake  as  well  as  of 
the  brake  equipment  now  in  common  use.  These 
tests  were  made  on  the  Atlantic  City  division  of 
the  West  Jersey  &  Seashore  Railway,  near  Abse- 
con,  N.  J.,  February  to  May,  1913,  using  a  fully 
equipped  train  consisting  of  a  class  K-2-S  locomo- 
tive weighing  20D  tons  and  twelve  P-70  steel  pas- 
senger cars  weighing  122  000  lbs.  These  tests  are 
the  most  scientific  and  comprehensive  investigations 
of  the  different  factors  affecting  the  operation  of 
brakes  on  steam  road  passenger  trains  undertaken 
since  the  Westinghouse-Galton  trials  of  1878  to 
1879. 

The  results  of  the  Lake  Shore  emergency  brake 
tests  of  1909  which  appeared  in  the  Master  Car 
Builders'  Association  Proceedings  for  1910,  directed 
special  attention  to  the  important  influence  of  the 
foundation  brake  rigging  and  brake  shoe  perform- 
ance as  affecting  the  stopping  of  modern  heavy  roll- 
ing stock.  These  tests  showed  clearly  the  necessity 
for  realizing,  as  nearly  instantaneously  as  possible, 
a  retarding  force  as  high  as  the  limitations  of  track 
and  equipment  would  permit  if  emergency  stops, 
especially  at  high  speeds,  were  to  be  made  in  as 
short  a  distance  as  desirable. 

The  four  factors  which  have  a  controlling  in- 
fluence on  the  length  of  stop  are,  the  maximum 
brake  cylinder  force,  the  time  in  which  this  is  ob- 
tained, the  efficiency  of  the  brake  rigging  in  multi- 
plying and  transmitting  this  force  to  the  brake 
shoes  and  the  mean  coefficient  of  brake  shoe  fric- 
tion. All  but  the  last  factor  can  be  controlled  or 
properly  provided  for  in  advance  by  correct  design 
and  installation.  On  the  other  hand,  the  experience 
of  recent  years  has  repeatedly  demonstrated  that 
no  one  of  these  four  factors  can  be  neglected  with- 
out a  corresponding  loss  in  effective  retarding  force. 
It  is  therefore  of  the  greatest  importance  to  dis- 
tinguish and  give  due  consideration  to  the  con- 
trollable factors  mentioned,  in  order  to  compensate 
for  the  unavoidable  variations  in  brake  shoe  fric- 
tion. That  these  variations  have  more  than  a  merely 
nominal  effect,  follows  from  the  fact  that  the  brake 
shoe,  considered  as  an  element  of  the  mechanical 
system    transforming   the    force   of   compressed   air 


into  the  retarding  force  at  the  rim  of  the  wheels, 
is  low  in  efficiency,  averaging  in  the  neighborhood  of 
ten  percent,  for  stops  from  a  speed  of  60  miles  per 
hour.  Consequently  a  variation  in  brake  shoe  perform- 
ance can  cause  a  considerable  percentage  of  change  in 
the  mean  coefficient  of  brake  shoe  friction  and  a  cor- 
responding change  in  length  of  stop,  the  latter  being 
subject  to  a  range  of  variation  of  as  much  as  20 
percent  or  more,  due  to  brake  shoe  condition  alone. 

Briefly,  the  Pennsylvania  Railroad  tests  showed 
that  in  order  to  make  the  shortest  possible  emer- 
gency stops  the  following  factors  must  receive  spe- 
cial attention  : — 

I — The  time  from  the  starting  of  brake  applica- 
tion until  the  maximum  available  braking  force  is 
attained — By  whatever  amount  this  time  is  lengthened 
the  length  of  stop  is  correspondingly  affected.  As 
this  factor  has  its  effect  at  the  beginning  of  the  pro- 
cess of  braking,  when  the  speed  if  the  train  is  high- 
est, its  influence  on  the  length  of  stop  is  most  direct 
and  important.  Modern  brake  equipments  operat- 
ing with  electro-pneumatic  control  require  but  two 
seconds  from  the  time  the  application  is  commenced 
until  maximum  force  is  realized  on  every  car. 

2 — The  amount  of  maximum  braking  force  re- 
alized— The  amount  of  braking  force  which  can  be 
used  in  any  given  installation  depends  upon  the 
character  of  the  service,  the  ty^pe  and  construction 
of  the  foundation  brake  rigging,  trucks,  etc., 
and  the  characteristics  of  the  air  brake  apparatus 
employed.  \\"hen  freedom  in  all  of  these  directions 
is  aft'orded  the  brake  apparatus  can  be  applied  to 
give  a  maximum  emergency  braking  force  as  high 
as  is  practicable,  considering  the  necessary  margin 
of  safety  against  wheel  sliding  under  adverse  oper- 
ating conditions.  At  present  the  total  emergency 
braking  pressure  delivered  to  the  brake  shoes  of 
modern  passenger  cars  in  both  steam  road  and 
heavy  traction  service  ranges  from  125  to  180  per- 
cent of  the  light  weight  of  the  car. 

3 — The  efficiency  of  the  brake  rigging — With  a 
poorly  designed  brake  rigging,  a  material  loss  is 
experienced  in  multiplying  and  transmitting  the 
force  of  compressed  air  developed  in  the  brake  cyl- 
inder to  the  brake  shoes  where  useful  work  is  per- 
formed. The  direct  losses  resulting  from  improper 
angles,  deflection  of  members,  friction  of  parts,  in- 
terference due  to  lack  of  sufficient  clearance,  and 
maintenance  troubles  are  not  the  only,  and  probably 
not  the  most  important  losses  experienced.  The 
location  of  the  brake  shoe  with  respect  to  the  hori- 
zontal center  line  of  the  wheel  has  a  direct  bearing 
upon  the  performance  of  the  air  brake  equipment 
and  upon  the  distribution  of  weight  on  the  dift'erent 
axles  of  the  truck,  as  well  as  upon  the  resultant 
effective  normal  brake  shoe  pressure.  This  is  be- 
cause a  pull  on  the  brake  shoe  more  than  equal  to 
the  weight  carried  by  the  wheel  sets  up  force  rela- 
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tions  which  are  sufficient  to  cause  a  low  hung  brake 
shoe  to  travel  downward  along  the  circumference  of 
the  wheel.  The  horizontal  component  of  this  move- 
ment causes  a  material  increase  in  travel  of  brake 
cylinder  piston  above  that  contemplated  in  the  de- 
sign of  the  air  brake  apparatus  with  the  net  result 
that  a  lower  brake  cylinder  pressure  is  obtained  and 
correspondingly  less  effective  braking  forces  real- 
ized. The  vertical  component  of  the  shoe's  motion 
is  at  the  expense  of  compression  in  the  truck  equal- 
izer or  bolster  springs  and  not  only  affects  the  rid- 
ing qualities  of  the  car,  but  on  account  of  the  new 
alignment  of  forces  set  up  between  the  brake  shoe, 
the  journal  bearing,  the  pedestal  and  the  rail,  causes 
a  redistribution  of  the  weights  carried  by  the  dif- 
ferent wiiecls  under  tiie  car.  This  tends  to  cause  the 
sliding  of  such  wheels  as  become  partially  supported 
by  the  low  hung  brake  shoes,  accompanied  by  a 
lessening  of  that  wheel's  pressure  upon  the  rail  at 
the  expense  of  an  increased  weight  imposed  upon 
the  other  wheels.  With  modern  heavy  cars  and 
under  the  heavy  brake  pressures  required  for  their 
adequate  control,  it  has  been  demonstrated  that  the 
desirable  relation  of  force  and  reaction  between 
brake  shoes,  truck  members  and  wheels,  cannot  be 
secured  when  using  a  brake  shoe  on  only  one  side 
of  the  wheel.  By  using  two  shoes,  one  on  each 
side  of  the  wheel,  it  is  possible  to  obtain  a  satisfac- 
tory design  with  respect  to  all  of  the  elements  re- 
ferred to,  and  this  type  of  brake  rigging,  known  as 
the  "clasp  brake,"  has  come  to  be  generally  recog- 
nized as  the  only  satisfactory  solution,  if  the  high- 
est efficiency  is  to  be  obtained.  Development  in 
this  direction  has  been  slow  in  this  country,  but 
with  the  more  severe  conditions  now  to  be  met  and 
with  the  superiority,  efficiency  and  adaptability  of 
this  type  of  rigging  thoroughly  established  in  the 
Pennsylvania  Railroad  tests  referred  to,  as  well  as 
by  the  thoroughly  satisfactory  performance  of  this 
type  of  rigging  on  heavy  rolling  stock  in  every  day 
service  on  other  railroads,  notably  the  New  York 
Central  Twines  and  the  New  York,  Westchester  & 
Boston,  it  is  to  be  hoped  that  the  subject  of  truck 
brake  rigging  will  soon  be  given  the  attention  in 
this  country  which  it  seems  to  have  received  abroad 
almost  from  the  start,  clasp  brake  rigging  having 
been  the  common  practice  in  England  and  on  the 
continent  for  many  years. 

4 — The  condition  of  the  brake  slioe,  both  as  re- 
gards quality  and  fitting  to  the  tread  of  the  wheel — 
So  far  as  stopping  power  is  concerned  the  brake 
shoe  deserves  first  consideration,  certainly  more 
than  it  has  usually  received.  Shoes  of  proper  ma- 
terial, a  right  relation  of  the  forces  and  reactions  on 
the  brake  shoes,  care  in  renewals  and  adjustment 
are  matters  of  prime  importance.  With  the  most 
efficient  type  of  air  brake  mechanism  and  the  best 
brake  rigging  possible,  it   is  not  at  all  difficult  to 


bring  about  brake  shoe  conditions  (such,  for  exam- 
ple, as  the  difference  between  a  well  worn,  well  fit- 
ted shoe  and  shoes  newly  applied ;  warped  shoes  not 
having  a  good  bearing,  or  shoes  which  have  been 
overheated  and  badly  burned)  which  can  change  the 
length  of  the  stop  20  to  30  percent.  It  is,  therefore, 
quite  clear  that  notable  improvement  in  any  one  or 
all  of  the  foregoing  fundamental  elements  affecting 
the  stopping  of  trains  can  be  entirely  neutralized 
by  neglecting  to  take  into  account  the  possible  re- 
sults of  poor  brake  shoe  performance. 

It  has  seemed  fitting  to  dwell  somewhat  at 
length  upon  these  fundamental  considerations  in 
the  performance  of  brakes  on  modern  rolling  stock, 
not  so  much  because  of  the  novelty  of  the  conclu- 
sions as  on  account  of  the  evident  lack  of  apprecia- 
tion of  their  importance  on  the  part  of  those  not  es- 
pecially conversant  with  the  technical  problems  in- 
volved in  brake  design  and  performance.  The  facts 
mentioned  have  been  known  and  discussed  ever 
since  the  classic  Westinghouse-Galton  brake  trials, 
the  details  of  which  can  be  found  in  three  papers 
by  Capt.  Douglas  Galton  before  the  British  Insti- 
tution of  Mechanical  Engineers  in  1878  and  1879. 
Every  important  investigation  since  that  time  has 
but  served  to  give  added  weight  to.  and  bring  about 
a  more  complete  understanding  and  application  of 
the  principles  enunciated  in  that  historic  report. 

During  the  last  few  years  the  air  brake  has  ad- 
vanced to  a  point  where  its  full  capacity  cannot  be 
realized,  where  in  fact  diminishing  returns  will  at- 
tend further  progress  in  this  direction,  unless  the 
other  elements  associated  with  it  in  the  production 
of  retarding  force  are  brought  to  a  similar  degree 
of  efficiency.  This  is  coming  to  be  more  and  more 
generally  appreciated  and  the  present  interest  in  this 
aspect  of  the  air  brake  problem,  on  the  part  of  elec- 
tric traction  as  well  as  steam  railroads,  promises 
notable  progress  in  the  future. 


PROGRESS  IN  RAILWAY  SIGNALING 
Harold  McCready 

THOSE  interested  in  the  manufacture  of  appar- 
atus for  railway  signaling  found  last  year  a 
busy  one.  While  no  extraordinarily  large  in- 
stallations were  made  and  no  startling  developments 
occurred  in  an  engineering  way,  still  there  was  a 
consistent  market  for  all  kinds  of  signal  material.  In 
fact,  looking  at  the  matter  from  the  standpoint  of  the 
volume  of  business  done,  last  year  tops  all  others 
excepting  perhaps  1910.  A  large  proportion  of  the 
business  resulted  from  the  extension  of  alternating- 
current  block  signal  systems  on  both  the  large  trunk 
lines,  steam  and  electric,  and  on  the  interurban  roads. 
For  the  trunk  lines  the  Pennsylvaia,  the  St.  Paul,  and 
the  Southern  Pacific,  have  been  the  most  prominent  in 
the  adoption  of   the   alternating-current   system,   and 
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continuall)-  increasing  stretches  of  their  main  lines 
are  being  so  protected. 

The  interurban  field,  too,  has  broadened  consid- 
erably. In  Indiana  alone,  about  two  hundred  and  fifty 
miles  of  single  track  have  been  signaled ;  the  well 
known  Chicago,  Lake  Shore  &  South  Bend  (6600 
volt,  25  cycle  propulsion),  running  from  Chicago 
through  Gary,  offers  a  fine  example  of  modern  signal- 
ing for  a  high-speed  road.  By  an  ingenious  circuit 
scheme,  known  familiarly  as  the  T.D.B.  (Traffic  Di- 
rection Block)  system,  single  track  interurban  roads 
are  enabled  to  allow  two  properly  spaced  cars  to  pro- 
ceed through  the  block  in  the  same  direction,  opposing 
cars  being  held  at  a  siding  at  the  other  end  of  the 
block;  traffic  is  thus  greatly  expedited  in  rush  times. 
and  safety  is  guaranteed  as  both  cars  are  protected 
against  both  head  and  rear  end  collisions.  The  traffic 
direction  block  scheme  is  therefore  generally  conceded 
to  be  a  great  improvement  over  previous  schemes 
which  allowed  an  indefinite  number  of  cars  to  enter  the 
block  in  a  given  direction  without  any  regard  to  spac- 
ing, thus  leaving  an  opening  for  rear  end  collisions. 
Such  a  system  is  of  course  not  required  on  double  track 
roads,  like  the  Pacific  Electric,  or  the  Oakland,  An- 
tioch  &  Eastern,  two  of  the  most  important  roads  in 
California,  which  have  been  extensively  signaled  dur- 
ing the  past  year,  light  signals  being  exclusively  used. 
Practically  all  new  work  is  being  done  on  the  basis  of 
the  continuous  track  circuit ;  trolley  contacts  and 
other  such  attachments  have  been  found  inadequate 
for  high-speed  service. 

Lights  signals  consisting  of  a  properly  designed 
lens  or  combination  of  lens  and  reflector  illuminated 
by  an  incandescent  lamp,  properly  hooded  and  built 
into  a  dark  sheet  iron  background  are  now  quite  ex- 
tensively used  on  trolley  roads  for  both  day  and  night 
service.  Such  signals,  particularly  if  set  up  against 
a  background  of  foliage  afYord  a  splendid  indication : 
in  those  cases  where  light  signals  are  set  up  against 
the  sky,  the  sheet  iron  background  serves  to  isolate  or 
bring  out  the  illuminated  lens  from  the  sky.  On  ac- 
count of  their  simplicity  and  ease  of  maintainance. 
not  to  mention  the  low  first  cost,  light  signals  make 
a  strong  appeal  to  the  practical  man  and  a  great  deal 
of  research  is  being  done  in  the  way  of  designing  and 
developing  special  lenses,  mirrors,  and  concentrated 
filament  lamps  to  secure  a  strong  beam  of  light,  dis- 
tinct, even  in  the  brightest  sunlight  at  a  great  distance, 
and  through  a  considerable  angle.  By  means  of 
opaque  interference  rings  and  like  devices,  light  com- 
ing from  the  outside  (for  example  from  an  arc  head- 
light or  even  from  the  sun  in  the  later  hours  of  the 
day)  is  prevented  from  re-issuing  from  a  "dead"  sig- 
nal by  interior  reflection  and  thus  giving  rise  to  so 
called  "phantom"'  indications  which,  if  pronounced 
enough,  might  be  dangerous.  On  the  electrified  sec- 
tions of  the  steam  roads  where  the  catenary  makes  it 
difficult  to  secure  a  good  indication  for  a  semaphore. 


light  signals  should  make  an  especially,  good  showing 
and  important  devekjpments  in  this  direction  may  be 
expected  in  the  near  future.  It  looks  as  though  the 
science  of  optics  is  to  be  added  to  the  requirements  of 
the  signalman,  already  (fuite  an  electrical  and  mechan- 
ical engineer. 

The  automatic  stop,  a  device  applied  to  an  en- 
gine or  a  car  to  prevent  collisions  resulting  from  pass- 
ing, either  unknowingly  or  maliciously,  a  danger  sig- 
nal, has  received  much  attention  and  two  or  three  verv 
promising  devices  are  now  being  tried  out.  The  best 
of  these  include  speed  control  features  which  serve  to 
cause  a  train  to  slow  down  at  a  "caution"'  signal  so 
that  the  "home"  signal  will  not  he  overrun  if  at 
danger.  The  general  feeling  seems  to  be  that  the 
automatic  stop  should  be  effective  only  in  case  the 
engineer  fails  to  act :  it  serves  simply  as  a  check  on 
him  and  is  ordinarily  inert.  At  present,  however,  the 
time  is  not  ripe  for  the  stop.  Development  work  is 
still  going  on.  Before  the  raili"nads  adopt  such  a  de- 
vice its  worth  will  have  to  be  proven  conclusively. 

The  insulated  rail  joint,  as  everyone  knows,  is 
one  of  the  most  important  features  of  the  track  cir- 
cuit ;  it  is  important  to  maintain  a  high  insulation  be- 
tween adjacent  track  circuits,  and  for  this  reason,  the 
integrity  of  the  insulation  joint  must  be  assured.  In 
the  past,  fibre  has  been  employed  to  insulate  the  fish 
plates  or  filler  blocks  from  the  rail,  but  fibre,  being 
made  up  on  a  paper  or  rag  base,  rapidly  deteriorates 
due  to  the  absorption  of  moisture  and  the  rough  ser- 
vice For  this  reason,  it  is  pleasing  to  note  that  con- 
siderable progress  has  been  made  in  the  development 
of  a  bakelized  canvas  substitute  for  fibre.  Although 
a  great  deal  yet  remains  to  be  done,  the  outlook  seems 
promising,  because  bakelized  canvas  can  be  made  al- 
most absolutely  waterproof  and  is  many  times  tougher 
and  yet  more  flexible  than  fibre. 

The  latest  new  railroad  terminal  is  the  one  being 
constructed  at  Kansas  City,  and  the  interlocking  sys- 
tem is  to  be  of  the  electro-pneumatic  type,  which  has 
given  such  successful  service  in  the  Pennsylvania's 
terminal  in  New  York  and  at  Broad  Street,  Philadel- 
phia as  well  as  at  the  great  terminals  in  St.  Louis  and 
Boston.  -A.  new  development  in  the  purely  electric  in- 
terlocking system  is  the  use  of  tw^o  central  feeding 
mains  which  serve  to  supply  power  to  the  various 
switches  and  signals  through  controlling  relays  lo- 
cated at  the  various  functions  to  be  operated,  the  con- 
trolling relays  themselves  being  operated  from  an  in- 
terlocking tower  over  comparatively  small  wires  gen- 
erally arranged  in  cables.  This  system  is  much  more 
economical  in  copper  than  the  older  systems  where 
individual  feeding  wires,  carrying  the  full  current  for 
operating  the  motor,  are  required  between  each  switch 
movement  and  the  tower.  In  connection  with  this 
system  an  alternating-current  indication  scheme  is  also 
frequently  used,  the  idea  being  that  crosses  between 
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the  alternating-current  indication  mains  and  the  di- 
rect-current operating  mains  will  not  result  in  a  false 
indication,  since  the  indicating  apparatus  responds 
only  to  alternating  current. 

It  is  interesting  to  note  that  American  signal  ma- 
terial is  now  being  used  abroad.  During  the  past 
year  a  considerable  quantity  of  signaling  apparatus 
was  supplied  to  an  English  contractor  for  installation 
on  a  ("lernian  road.  At  the  present  time  the  electrifica- 
tion of  the  \  ictorian  Railways  in  the  vicinity  of  Mel- 
bourne, Au>tralia  is  attracting  a  great  deal  of  atten- 
tion, and  there  is  a  very  strong  probability  that  the 
larger  part  of  the  signal  apparatus  will  be  manufac- 
tured in  America.  The  coming  year  will  also  wit- 
ness the  the  electrification  of  the  Philadelphia  to 
Paoli  suburban  service  on  the  main  line  of  the  Penn- 
sylvania Railroad.  It  is  probable  that  alternuting- 
current  propulsion  will  be  used,  and  undoubtedly  a 
considerable  amount  of  apparatus  will  have  to  be  de- 
signed to  meet  the  signaling  recjuirements. 


THE  GENERAL  APPLICATION  OF  ELEC- 
TRIC POWER 

H.  D.  James 

THE  more  recent  developments  in  the  use  of 
electric  power  consist  largely  in  the  applica- 
tion of  electricity  to  new  problems,  in  the  im- 
provement in  efficiency  of  installations  already  made, 
and  in  adjusting  conditions  to  make  the  rate  of  output 
of  power  stations  more  uniform.  Progress  has 
been  made  in  the  conservation  of  energy  by  the  in- 
creased application  of  electric  braking.  This  is  espe- 
cially noticeable  in  the  application  of  motors  to  steel 
mill  rolls,  cranes,  mine  hoists,  etc.  By  causing  the 
motor  to  l;e  operated  as  a  generator,  the  mechanical 
energy  stored  in  the  load  can  be  converted  into  elec- 
trical energy  and,  where  conditions  are  suitable,  this 
energy  can  be  returned  to  the  line.  In  other  cases, 
the  energy  is  dissipated  as  heat  in  the  resistance,  but 
in  either  case  considerable  improvement  is  made  by 
omitting  the  mechanical  brakes.  This  problem  is  re- 
ceiving active  attention  also,  in  main  line  railway 
work,  and  developments  now  in  hand  point  to  the 
successful  .solution  of  regenerative  control  in  partic- 
ular cases. 

The  central  station  load  factor  is  being  improved 
by  eliminating  the  short  time  peak  loads.  This  can 
be  done  in  several  ways ;  storage  batteries  will 
serve  for  extended  ]icaks ;  or.  where  the  peak  load  is 
of  very  short  duration,  a  flywheel  attached  to  the  driv- 
ing motor,  together  with  the  proper  control  mechan- 
ism, will  effectually  smooth  out  the  peaks.  Where 
the  peaks  last  for  some  time,  automatic  devices  can 
be  used  to  reduce  the  power  demand  by  a  reduction 
in  the  speed  of  the  motor  as  the  torque  increases.  The 
use  of  field  control  for  motors  is  another  means  of 
reducing  the  maximum  ]iower  demand.  The  motor 
can   be  geared   to   its   load   with    such    a   ratio  as   to 


operate  the  load  at  a  speed  lower  than  maximum  and. 
with  a  strong  field  at  the  start,  will  develop  the  heavy 
starting  torque  with  less  power  consumption  than  if 
geared  for  the  maximum  speed  at  the  same  field 
strength.  The  field  of  the  motor  can  then  be  weak- 
ened, as  the  speed  requirement  increases,  particularly 
where  the  torque  required  of  the  motor  decreases  at 
maximum  speeds. 

There  are  practically  no  power  problems  whidi 
cannot  be  solved  by  motor  drive,  under  proper  con- 
ditions, if  the  application  engineer  is  in  possession  of 
the  necessary  information.  Many  of  these  applica- 
tions have  been  delayed  by  the  absence  of  reliable  in- 
formation as  to  the  amount  and  distribution  of  the 
load,  and  many  motor  application  failures  in  the  past 
have  been  due  to  guess  work  in  making  the  applica- 
tions. The  prejudice  of  power  users  is  rapidly  being 
overcome,  however,  and  the  general  public  is  looking 
upon  motors  as  the  logical  means  of  driving  their 
various  types  of  apparatus. 

Xew  applications  of  motors  have  recently  been 
made  to  a  number  of  processes  in  sugar  mills,  where 
the  first  motors  are  being  used  to  drive  the  main 
crushing  rolls. 

In  the  oil  well  field,  the  work  has  progressed  far 
enough  to  enable  standard  equipments  to  be  arranged 
for.  This  is  also  the  result  of  a  careful  analysis  of 
the  requirements  and  better  information,  which  has 
enabled  the  manufacturers  to  eliminate  many  of  the 
special  devices,  and  to  furnish  a  more  uniform  equip- 
ment which,  in  turn,  reduces  this  application  to  a 
straight  business  proposition,  instead  of  an  experi- 
mental one. 

The  same  is  becoming  true  of  railway  apparatus. 
In  the  past,  it  has  been  the  desire  of  each  railroad 
man  to  have  the  manufacturers  devise  a  special 
equipment  for  his  particular  use.  This  is  true  of  all 
applications  where  conditions  are  rapidly  changing 
and  competition  is  keen.  It  has  resulted,  however,  in 
increased  cost  of  the  electrical  equipment  and  longer 
shipping  dates.  Railway  men  have  now  standardized 
their  equipments  more  or  less,  and  are  beginning  to 
see  the  advantages  of  standard  equipment.  This  re- 
duces the  cost  of  spare  parts,  and  enables  their  men 
to  become  thoroughly  familiar  with  the  api)aratus. 
thus  giving  it  better  care,  which  improves  its  efficiency. 
If  this  standardization  is  carried  out  generally,  it  will 
enable  the  manufacturers  to  carry  motors  in  stock. 
which  will  decrease  the  cost  of  this  apparatus  and  im- 
prove deliveries.  This  is  very  noticeable  in  the  in- 
dustrial field,  where  standard  industrial  motors  are 
available. 

The  use  of  electric  welding  has  rapidly  increased 
during  the  past  year.  This  is  particularly  trvie  in  rail- 
road shops,  where  the  electric  arc  is  used  for  repair- 
ing the  tube  connections  in  locomotive  boilers,  espe- 
ciallv  on  the  fire  box  end  where  the  service  conditions 
are  very  severe.  The  apparatus  for  this  purpose  has 
been  greatly  simplified,  and  now  standard  machines 
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and  switchboard  equipment  can  be  used.  The  device  is 
simple  enough  to  be  operated  by  an  ordinary  mechanic. 

Great  improvements  have  been  made  during  the 
past  year  in  the  electric  storage  battery,  as  applied  to 
small  locomotives,  automobiles  and  similiar  work. 
Heretofore  it  has  been  necessary  to  regulate  the  cur- 
rent during  charging,  which  has  complicated  the 
charging  outfit  and  made  it  necessary  for  the  attend- 
ant to  give  close  attention  during  the  charging  period. 
It  is  now  possible  to  purchase  batteries  which  can  be 
charged  at  a  constant  potential.  This  enables  the 
battery  to  be  charged  more  quickly  and  more  eco- 
nomically and  materially  simplifies  the  process. 

There  are  still  many  fields  of  application  for  the 
electric  motor  that  have  not  yet  been  developed ;  these 
fields  are  waiting  to  some  extent  for  manufacturers 
to  simplify  their  equipment  but,  primarily,  upon  the 
central  stations,  which  should  be  able  to  provide  at- 
tractive rates  for  power,  as  well  as  for  heating  de- 
vices. With  cheap  electrical  power,  the  use  of  elec- 
tric motors  in  many  operations  and  for  a  great  va- 
riety of  miscellaneous  work  now  being  performed  by 
hand,  will  bring  about  the  development  of  more  con- 
venient electrical  devices  for  these  purposes  and  will 
tend  toward  material  improvement  in  the  load  factor 
of  our  power  plants. 


COMMERCIAL  DEVELOPMENTS  IN  DETAIL 

APPARATUS 

G.  Brewer  Griffin 

FROM  the  commercial  standpoint,  one  of  the  new 
developments  of  the  year  is  the  electrical 
equipment  of  gasoline  automobiles.  This  devel- 
opment has  not  been  actually  confined  to  the  past  year, 
but  while  the  devices  were  on  the  market  during  the 
preceding  year,  it  is  only  during  the  last  twelve  months 
that  this  b;isiness  has  assumed  commercial  importance. 
Large  numbers  of  outfits  have  been  shipped  during 
191 3  and  die  automobile  trade  at  large  and  the  buying 
public  are  rapidly  coming  to  the  conclusion  that  such 
equipments  are  an  essential  part  of  any  high  grade 
car.  Service  stations  where  this  apparatus  can  be  at- 
tended to  in  the  field  and  instructions  given  to  various 
agents  of  the  automobile  manufacturers  have  been  es- 
tablished in  considerable  numbers. 

In  the  meter  field,  the  maximum  demand  indicat- 
ing watt-iiour  meter  has  been  placed  on  the  market. 
Graphic  meters  have  proven  very  popular  for  use  in 
studying  shop  costs  and  operations  and  their  sale  is 
rapidly  increasing. 

The  pressed  steel  fan  motor  met  with  instant  suc- 
cess last  season.  Light  weight  and  attractive  appear- 
ance, accompanied  by  low  power  consumption  per 
cubic  foot  of  air  moved,  have  combined  to  create  a 
large  demand  for  these  motors. 

There  has  been  a  marked  improvement  in  the 
volume  of  switchboard  business,  although  accompanied 


by  such  reductions  in  selling  price  as  to  greatly  reduce 
the    percentage  of  profit. 

Oil  circuit  breakers  which  will  sucessfully 
break  the  heaviest  loads  that  have  been  carried  by 
main  lines,  are  now  available  at  reasonable  prices  for 
use  on  circuits  operating  from  the  lowest  to  the  high- 
est voltages. 

There  has  been  a  considerable  increase  in  the 
types  of  arc  lamps  available.  The  success  of  the  me- 
tallic flame  arc  lamp  has  been  equalled  by  the  new 
long  life  flame  carbon  arc  lamp.  The  latter  has  been 
developed  in  a  highly  satisfactory  commercial  form. 
This  lamp  should  meet  all  the  critical  demands  of  the 
operating  central  station  men  and  the  prospects  are  for 
a  very  considerable  demand  for  this  lamp  during  the 
coming  year. 

Vehicle  battery  charging  rectifiers  have  been 
considerably  improved,  resulting  in  increased  life  in 
service  over  that  of  a  year  ago.  As  the  electrical 
vehicle  for  pleasure  and  business  purposes  is  becom- 
ing more  and  more  popular,  the  field  for  the  sale  of 
these  devices  is  becoming  more  broad.  Some  of  the 
more  progressive  central  stations  are  arranging  to  lo- 
cate charging  plugs  at  the  curbs  in  front  of  residences 
and  offices  where  they  will  be  of  the  greatest  service. 
The  plugs  are  in  pot-head  type  conduits,  running  into 
the  cellar  to  the  meter  connection.  By  this  means 
vehicles  can  be  charged  while  not  in  use  without  the 
necessity  of  going  to  a  charging  station.  Such  ar- 
rangements will  undoubtedly  make  the  use  of  elec- 
trical vehicles  still  more  popular. 

New  insulation  materials  have  been  developed  to  a 
marked  degree  during  the  past  year.  Machines  have 
been  developed  for  fabricating  bakelite-micarta  into 
various  forms.  Such  products  have  a  great  many  ap- 
plications, both  electrical  and  mechanical,  and  new 
fields  are  continually  opening  up.  Such  products  as 
water  and  steam  valve  washers,  small  gears,  insulating 
plates,  tubes,  rods  and  numerous  other  details  are  being 
made,  and  in  every  case,  where  properly  applied,  re- 
sults more  satisfactory  than  with  any  other  known 
materials  have  been  secured.  The  dielectric  value 
of  micarta  and  its  non-hygroscopic  qualities  combined 
with  strength  and  durability  have  made  these  applica- 
tions possible. 

Tmprovments  in  distributing  transformers  in 
elude  improved  insulation,  the  introduction  of  the 
highest  grade  steel,  with  machine  moulded  cases  and 
the  utmost  care  in  the  manufacture,  inspection  and  as- 
semblying  of  every  part.  Notwithstanding  all  of 
these  improvements,  the  selling  price  of  such  trans- 
formers has  been  lowered. 

Electric  heating  and  cooking  devices  have  been 
of  great  assistance  to  central  stations  as  a  means  of 
popularizing  the  use  of  electrical  apparatus.  The 
prospects  for  a  continued  demand  for  such  apparatus 
are  very  favorable.     New  types  of  irons,  percolators. 
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saute  pans  and  luminous  and  non-luminous  radiators 
of  attractive  appearance  have  also  made  their  appear- 
ance. In  the  industrial  products,  the  new  linotype 
metal  pot  heater  is  a  most  promising  addition. 

In  overhead  trolley  line  material  and  supplies, 
porcelain  insulators,  etc.,  there  are  signs  of  consider- 
able business  for  the  coming  spring.  Lines  of  ap- 
paratus have  been  rounded  out  and  developed  during 
the  past  year  so  that  almost  any  contingency  has  been 
provided  for.  The  demand  for  porcelain  goods  has 
considerably  increased,  and  it  is  expected  that  there 
will  be  even  a  greater  volume  of  business  during  the 
coming  year. 

While  the  business  of  the  country  in  general  has 
not  been  quite  so  good  in  the  last  year,  this  does  not 
apply  to  detail  apparatus  and  there  is  no  indication 
of  anything  other  than  an  ordinary  falling  off  in  the 
general  business.  It  is  apparent  that  the  prospects 
for  the  next  nine  months  will  be  even  better  than  for 
the  corresponding  period  of  1913.  This  statement  is, 
of  course,  predicated  upon  the  ability  of  power  com- 
panies to  finance  themselves  in  their  extensions  of  new 
lines,  new  power  plants  and  carrying  out  their  general 
business  campaigns  as  intended. 


COMMERCIAL  REVIEW  OF  CENTRAL 

STATION   APPARATUS 

E.  P.  Dillon 

THE  year  1913  has  witnessed  no  radical  depart- 
ure from  former  practice  in  the  development 
of  electrical  apparatus,  except  in  one  or  two 
special  cases.  The  trend  of  development  has  been 
to  standardize  along  the  line  of  higher  voltages  and 
greater  capacities  in  units,  following  the  demon- 
stration of  the  successful  application  along  these 
lines  by  actual  operation.  Improvements  in  effi- 
ciency and  reliability  in  operation,  and  improvements 
in  the  methods  of  manufacture  are  ends  constantly 
sought  by  the  builder  of  electrical  apparatus,  and 
modifications  in  design  during  the  year  have  re- 
sulted in  a  gradual  progress  in  such  particulars. 

Turbo-Generators  —  In  turbo-generators  there 
has  been  a  considerable  progress  in  the  design  and 
manufacture  of  machines,  and  during  the  year  a 
number  of  units  ranging  in  capacity  from  15000 
k.v.a.  to  20000  k.v.a.  have  been  built  and  placed  in 
successful  operation.  These  units,  while  larger  than 
sizes  generally  selected  in  the  past,  are  unique,  in 
that  they  operate  at  higher  speeds,  being  designed 
for  I  500  r.p.m.,  25  cycle,  and  i  800  r.p.m.,  60  cycle 
The  successful  performance  of  these  relatively  large 
units  has  demonstrated  the  adaptability  and  reliability 
of  such  mschines. 

A  very  remarkable  development  is  shown  by 
the  30000  k-w  turbines,  which  are  a  product  of  the 
year's  work.  Three  of  these  units  will  be  installed 
in  the  plant  of  the  Interborough  Rapid  Transit 
Company,  of    New  York    City.     Thev    are    of    the 


"cross-compound"  type,  consisting  of  two  complete 
turbo-generator  units  of  equal  capacity,  the  high 
pressure  unit  consisting  of  a  non-condensing  tur- 
bine, direct-connected  to  a  15000  k.v.a.  gen- 
erator, operating  at  i  500  r.p.m.  The  low  pressure 
unit  is  of  equal  capacity,  condensing  type,  operating 
at  750  r.p.m.  The  "cross-compound"  principle  is 
not  essentially  new,  even  in  turbo-generator  prac- 
tice, as  there  have  been  units  built  pre\'iously  in 
smaller  capacities  utilizing  this  principle,  as  well 
as  some  units  where  two  turbines  have  been  worked 
in  tandem  driving  one  generator.  These  particular 
units,  however,  give  a  very  simple  arrangement, 
involving  no  difficulties  of  alignment,  and  the  gen- 
eral construction  and  proportioning  is  such  as  to 
make  possible  the  maximum  economy.  A  Rankine- 
cycle  efficiency  of  approximately  75  percent  is  ob- 
tainable with  these  units  and  in  view  of  the  usual 
performance  in  turbo-generators,  it  is  readily  seen 
that  this  is  a  remarkable  result. 

Water  Wheel  Generators — Improvements  in 
water-wheel  generators  during  the  year  have  been 
along  the  lines  of  increasing  efficiency,  insuring  re- 
liability in  service,  and  of  improvements  in  methods 
of  manufacture.  There  has  been  a  remarkable  de- 
mand for  water-wheel  generators,  resulting  in  some 
large  sizes  being  produced.  Vertical  type  water 
wheels  of  12000  k.v.a.  capacity  driven  by  a  single- 
runner  water  turbine  are  a  feature  of  the  year's  de- 
velopment, and  in  horizontal  units,  generators  rang- 
ing in  size  up  to  17  500  k.v.a.  capacity  have  been 
built  and  placed  in  operation. 

Rotary  Converters — The  application  of  the  com- 
mutating  pole  in  the  design  of  rotar>-  converters  has 
been  very  marked,  this  type  of  design  being  gener- 
ally applied  now  to  practically  all  25  cycle  rotary 
converters  and  to  60  cycle  rotan,-  converters  of  the 
larger  capacities. 

The  use  of  60  cycle  rotan,-  converters  has  been 
greatl}-  extended  during  the  year,  and  this  appara- 
tus has  proven  itself  by  the  very  successful  results 
obtained  from  its  operation.  The  units  of  larger 
sizes  have  demonstrated  their  correctness  of  de- 
sign, and  the  possibility  of  larger  60  cycle  converters 
is  mereh-  a  question  of  the  load  conditions  demand- 
ing such  apparatus.  There  has  been  built  during 
the  year  the  largest  60  cycle  converter  ever  con- 
structed ;  namely,  2  500  kw  at  500  volts.  This  con- 
verter will  be  approximately  the  equivalent  of  a 
3000  kw  converter  at  the  usual  railway  voltage, 
namely,  600  volts.  In  the  25  cycle  converters,  the 
year  has  seen  nothing  developed  larger  than  that 
which  had  previously  been  built,  but  the  use  of  large 
25  cycle  railway  rotary  converters,  namely,  4000 
kw  capacity,  is  very  general,  and  numerous  railway 
systems  are  now  using  units  of  this  size  which  a  few 
years  ago  did  not  have  converters  in  excess  of  2  000 
kw   capacity. 

There  has  been  a  marked  increase  in  the  use 
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of  high  voltai^e  rotary  converters  for  railway  work 
and,  on  25  cycle  systems,  single  converters  are  used 
for  direct-current  voltages  as  high  as  I  500  volts. 
(Jn  60  cycle  systems  the  prevailing  practice  is  to 
utilize  two  rotary  converters  operating  in  series  on 
the  direct-current  end.  No  large  units  of  the  high 
voltage  class  have  been  installed  during  the  year, 
since  the  electric  railways  utilizing  high  voltage  in 
general  require  only  smaller  capacity  rotary  con- 
verters. Such  machines  are  built  and  in  operation 
up  to  and  including  500  kilowatts. 

Motor-Generators — Motor-generator  sets  are  still 
very  generally  used,  especially  on  the  60  cycle  sys- 
tems, and  the  use  of  a  synchronous  motor-generator 
set  as  a  medium  for  improving  power-factor,  due 
to  the  condenser  capacity  of  the  synchronous  motor,  is 
becoming  very  generally  accepted.  For  railway 
work,  the  rotary  converter  has  demonstrated  its 
adaptabilit)',  except  in  cases  where  it  is  necessary 
to  have  a  considerable  corrective  effect  for  power- 
factor,  and  in  such  cases  the  synchronous  motor- 
generator  set  has  a  field  of  its  own. 

Geared  Generators — The  use  of  direct-current 
generators  geared  to  high  speed  turbines  through 
the  reduction  gear  is  increasing,  and  there  are  in 
service  a  number  of  units  of  this  character,  the  larg- 
est ones  being  two  3  500  kw,  270  volt,  direct-cur- 
rent generators  operating  at  180  r.p.m.,  and  con- 
nected through  a  ten  to  one  gear  to  a  steam  turbine. 
This  type  of  unit  is  particularly  suitable  to  cases 
where  direct-current  power  is  required  and  there  is 
available  steam  for  driving  the  turbine,  of  the 
high  pressure  non-condensing  type  or  the  low  press- 
ure condensing  type. 

Transformers — The  development  in  power  trans- 
formers has  been  along  the  lines  of  improving  insu- 
lation, increasing  efficiency,  and  developing  con- 
structions that  are  mechanically  and  electrically 
rigid  and  reliable  in  service.  ^licarta  is  used  to 
provide  solid  barriers  affording  great  dielectric 
strength.  There  have  been  developed  and  con- 
structed testing  transformers  capable  of  giving 
500  000  volts,  from  high  tension  to  ground.  This 
development  is  one  that  necessarily  must  be  kept 
ahead  of  the  development  of  high  voltage  service 
transformers  in  order  to  obtain  the  requisite  tests 
on  insulation. 

The  outdoor  transformer  is  being  ver^-  gener- 
ally supplied,  and  both  railway  companies  and  light- 
ing companies  are  recognizing  the  desirability  of 
taking  on  the  smaller  customer  through  the  medium 
of  outdoor  transformers  and  outdoor  sub-stations. 
This  equipment  frequently  makes  it  possible  to  take 
on  a  customer  whose  business  would  not  be  profit- 
able were  it  necessary  to  install  an  expensive  sub- 
station housed  within  a  building. 

While  there  have  been    many    large    capacity 


high  voltage  transformers  built  during  the  year,  the 
installation  of  fourteen  150000  volt  transformers  on 
the  system  of  the  Pacific  Light  &  Power  Company, 
in  California,  is  of  special  interest. 

Portable  and  Outdoor  Sub-Stations — The  port- 
able rotary  converter  sub-station  as  well  as  the  out- 
door transformer  station  is  not  a  new  development 
of  this  year,  but  its  application  has  had  a  remarkable 
growth.  The  design  of  the  portable  rotary  con- 
verter sub-station  has  been  greatly  simplified  and 
cheapened,  to  the  end  that  it  is  now  within  reach 
of  practically  any  railway,  and  the  experience  of 
companies  owning  such  sub-stations  indicates  that 
the  uses  to  which  these  sub-stations  can  be  put  are 
manifold.  The  same  thing  applies  in  a  great  degree 
to  the  outdoor  transformer  sub-station,  it  having 
been  standardized  and  developed  along  the  line  of 
simple,  compact  construction,  making  it  readily  in- 
stalled and  reliable  in  operation,  and,  as  stated  be- 
fore, this  particular  field  is  one  where  service  can 
be  delivered  to  small  customers  economically. 

Szi'it clung — The  development  of  switching  ap- 
paratus has  kept  pace  with  the  increase  in  voltages 
and  the  increase  in  capacities  of  units,  and  numerous 
detail  improvements  have  been  effected  looking  to 
reliability  of  operation. 


DEVELOPMENTS   IN   INDUSTRIAL   MOTOR 
APPLICATIONS 

J.   M.    CURTIN 

THE  progress  in  the  application  of  electric  mo- 
tors for  industrial  purposes  during  the  past 
year  has  been  along  conservative  lines,  but  has 
clearly  demonstrated  the  economy  and  utility  of  the 
electric  motor.  The  manufacturers  are  realizing  that 
the  utilization  of  electricity  is  necessary  where  effi- 
ciency in  operation  is  required,  and  commercial  condi- 
tions at  present  are  such  as  to  require  efficiency  in  me- 
thods of  manufacture,  as  well  as  in  organization,  if  a 
profit  fs  to  result.  The  recent  tariff  legislation  is 
causing  the  American  manufacturer  to  see,  as  never 
before,  the  necessity  of  using  the  most  modern  me- 
thods in  order  to  compete  with  manufacturers  of 
other  countries  where  labor  is  cheaper;  hence,  the 
continuous  growth  in  the  installation  of  electrically- 
driven  machinery.  In  practically  all  new  industrial 
plants  where  power  is  required,  electrically-driven 
machinery  has  been  installed,  notably  in  the  textile 
and  steel  industries  where,  in  addition  to  its  almost 
universal  use  in  new  installations,  the  electric  motor 
is  rapidly  replacing  the  old  forms  of  motive  power. 
Steel  Mills — During  the  present  year  there  will 
be  placed  in  operation  the  first  electrically-driven  re- 
versing blooming  mill  in  the  L'nited  States.  This  in- 
stallation will  be  watched  with  much  interest  as  it  as 
a  radical  departure  from  past  practices,  although  non- 
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reversing  blooming  mills  are  now  generally  driven  by 
electric  motors.  The  results  obtained  from  this  in- 
stallation will  undoubtedly  do  much  to  stimulate  the 
interest  of  steel  companies  in  such  equipments. 

The  new  magnet  control  switches  designed  pri- 
marily for  steel  mill  service  should  greatly  aid  in  the 
application  of  electric  motors  to  the  severest  indus- 
trial requirements.  The  apparatus  is  of  very  rugged 
construction  and  the  control  system  has  been  very 
nuich  simplified  due  to  the  use  of  a  specially  designed 
series  type  of  contactor.  It  has  recently  been  demon- 
strated that  magnetic  controllers  are  especially  suitable 
for  the  hoist  motion  of  cranes.  For  this  purpose  the 
controller  is  equipped  with  a  dynamic  braking  feature, 
which  is  very  useful  in  the  lowering  motion,  permit- 
ting a  much  simpler  mechanical  construction  of  the 
crane  and  the  elimination  of  the  mechanical  brake 
which,  as  a  rule,  requires  considerable  attention.  This 
type  of  control  is  well  adapted  to  all  kinds  of  indus- 
trial service. 

Arc  Welding — The  arc  welding  process  has 
been  brought  into  more  general  use  during  the  past 
year  by  the  introduction  of  a  complete  outfit,  including 
motor-generators,  control  and  switch  panels,  shields, 
pencil  holders,  etc.  This  process  is  being  used  ex- 
tensively for  repairing  fire  boxes  and  engine  frames, 
for  flue  welding,  etc.,  in  railway  shops  and  for  general 
repair  work  for  steel  and  iron  castings  in  machine 
shops. 

The  Textile  Industry — Activity  in  the  textile  in- 
dustry has  been  curtailed  to  a  great  extent  pending 
the  tariff  legislation,  only  such  developments  being 
carried  on  by  the  mills  as  was  absolutely  neces- 
sary. Several  new  cotton  mills  have  been  built  in 
the  South  and  numerous  changes  in  equipment  made 
in  the  Northern  mills.  It  is  noteworthy  that  electric 
power  is  u^ed  as  a  means  of  drive  in  all  the  new  mills 
One  uf  the  chief  reasons  for  giving  more  careful  at- 
tention to  individual  drive  has  been  the  development 
of  the  feature  on  looms  whereby  the  empty  bobbin  is 
automatical!}'  ejected  and  the  filled  bobbin  placed  in 
the  shuttle.  This  automatic  feature  increases  the  cost 
of  the  loom  considerably  over  the  cost  of  a  plain  loom, 
thus  making  the  percentage  cost  of  the  individual  mo- 
tor much  less  than  in  the  case  of  the  plain  loom  and, 
on  account  of  the  increased  production,  it  is  more 
economical  to  install  intlividual  motor  drive  than  to 
purchase  the  additional  machinery  to  obtain  this  same 
increase,  a  condition  which  does  not  always  exist  with 
plain  looms.  Brass  tubes  have  also  been  introduced 
for  the  cylinders  of  the  spinning  frames,  thus  permit- 
ting an  increase  in  speed  of  approximately  fifty  per- 
cent with  the  spindle  speed  the  same.  This  permits 
the  use  of  a  higher  speed  motor  for  individual  drive, 
thereby  decreasing  the  cost  of  the  motor,  and  the  in- 
creased production  makes  this  a  very  popular  method 
of  drive.  The  impression  prevails  that  business  will 
be  more  active  in  the  textile  industrv  durin"  the  com- 


ing year  and  that  electric  drive  will  be  more  extensive- 
ly used  than  ever  before,  since  the  tariff  reduction 
will  cause  the  mill  owners  to  install  the  most  econ- 
omical method  of  drive  in  order  to  reduce  operating 
expenses. 

Pumping  Installations — A  year  or  so  ago  there 
was  a  marked  trend  toward  higher  speed  for  centri- 
fugal pumps  for  general  service.  This  tendency  is  no 
longer  so  pronounced  and  there  appears  to  be  a  more 
general  appreciation  of  the  fact  that  a  very  high 
speed,  light  weight  unit  is  not  necessarily  the  most  de- 
sirable nor  the  least  expensive.  The  installation  of 
very  large  central  pumping  plants  for  irrigation  has 
not  been  so  marked  as  in  previous  years  due  largely  to 
the  slow  development  of  the  tracts  already  so  supplied. 
There  is  no  question  as  to  the  ultimate  success  of  most 
of  these  projects,  but  considerable  educational  work  is 
necessary  before  some  of  the  arid  lands  are  thickly 
settled.  The  increase  of  small  individual  plants  for 
irrigation  has,  however,  been  little  short  of  marvelous. 
The  demand  which  existed  several  years  ago  for 
cheap  outfits  has  turned  in  favor  of  better  machinery 
with  higher  efficiencies,  giving  less  operating  trouble 
and  lower  operating  costs.  It  is  worth  noting  that, 
where  electric  power  can  be  purchased,  the  distillate 
engine  is  seldom  the  competitor  of  the  electric  motor. 
A  tremendous  increase  in  the  installation  of  small 
electrically-driven  individual  pumping  plants  only 
awaits  the  extension  of  the  power  lines,  as  there  is 
still  an  immense  acreage  which  can  be  reached  by 
reasonable  extensions  of  present  systems. 

Mining — In  the  mining  field,  the  self-starting  di- 
rect-curent  motor  in  capacities  up  to  20  horse-power, 
has  made  a  distinct  place  for  itself  in  the  driving  of 
mine  drainage  pumps  and  to  some  extent  in  driving 
small  mine  fans.  This  type  of  motor  has  a  compar- 
atively heavy  compound  lield  winding,  with  conimu- 
tating  poles,  and  is  designed  to  be  started  by  connect- 
ing directly  to  full  voltage.  No-voltage  protective 
devices  and  automatic  starters  are  not  needed  and  the 
necessity  for  manually  starting  a  pump  or  fan  after 
failure  of  voltage  is  eliminated.  The  increasing  use 
of  motor-driven  compressors,  particularly  in  metal 
mines,  has  demonstrated  the  superiority  of  this  type 
of  machine  where  power  is  available  either  from  cen- 
tral stations  or  from  privately-operated  plants  where 
standby  losses  are  reduced  to  a  minimum.  One  of 
the  principal  advantages  is  the  ease  of  locating  the 
compressor  stations  near  the  application  of  the  air, 
thus,  reducing  the  transmission  losses  in  the  air  sys- 
tem. 

Small  Motor  Applications — The  increase  in  the 
use  of  small  motors  during  191 3  has  been  quite  gen- 
eral. As  has  been  the  case  for  several  years,  the  prin- 
cipal demand  comes  from  the  manufacturers  of  motor- 
driven  machines,  rather  than  from  the  actual  users  of 
the  motors,  though  the  activity  of  central  stations  and 
electrical  dealers  has  greatlv  increased  the  latter  ave- 
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nue  of  consumption.  Portable  electric  tools  of  all 
kinds  have  come  extensively  into  use  in  the  manufac- 
ture and  repair  of  automobiles.  Electric  drills  and 
bench  grinders  have  been  particularly  popular,  due  to 
the  fact  that  they  are  actual  savers  of  time  and  labor. 
With  numerous  garages,  both  public  and  private, 
springing  up  in  various  parts  of  the  country,  the  use 
of  small  motor-driven  tire  pumps  and  pressure  pumps 
has  become  quite  general.  The  popularity  of  moving 
picture  shows  has  materially  increased  the  demand 
for  small  motor-driven  machines.  Most  of  these  are 
equipped  with  motor-driven  moving  picture  machines, 
motor-driven  piano  players  or  other  musical  instru- 
ments and  motor-driven  ventilating  equipment. 
Among  those  machines  for  use  in  the  office  and  home, 
the  vacuum  cleaner  still  remains  very  popular  although 
the  demand  has  been  divided  more  clearly  than  ever 
before  between  small  high-speed  portable  machines 
and  the  larger  stationary  plant  equipment.  Such  a 
division  is  entirely  logical,  for  the  stationary  plant  is 
now  considered  in  a  class  with  heating,  ventilating  or 
plumbing  equipment.  The  desire  of  the  manufac- 
turers of  portable  vacuum  cleaners  has  been  of  course 
to  make  these  as  simple,  light  and  convenient  as  pos- 
sible, and  their  activity  has  been  to  develop  a  machine 
which  is  suitable  only  for  light  work  and  which  does 
not  necessarily  compete  at  all  points  with  the  sta- 
tionary plant  equipment.  Motor-driven  washing  ma- 
chines have  been  greatly  simplified  in  their  construc- 
tion and  design,  and  lower  prices  have  been  the  rule. 
In  office  equipment  the  principal  increase  has  been 
along  the  lines  of  adding  machines,  copying  machines, 
motor-driven  typewriters,  mailing  machines,  etc. 

From  the  point  of  view  of  the  manufacturer  four 
features  are  distinctly  noticeable  during  the  past 
year : — 

I — A  much  closer  analysis  is  being  made  by  manufac- 
turers of  small  motor-driven  machines  into  ques- 
tions of  application  of  motors  to  the  driven  ma- 
chine. Thus,  the  large  purchasers  have  become 
not  only  exacting  as  to  the  characteristics  of  the 
motors  purchased,  but  have  come  to  adopt  mo- 
tors really  better  suited  to  the  work. 

2 — In  general,  a  number  of  improvements  have  been 
made  in  the  operating  mechanisms  of  small  mo- 
tor-driven machines  which  have  resulted  usually 
in  the  use  of  a  somewhat  smaller  motor  and  also 
in  the  much  more  successful  operation  of  the  en- 
tire unit. 

3 — With  the  increase  in  the  demand  for  small  motor- 
driven  machines  generally,  the  relative  increase 
is  greater  upon  those  using  the  smaller  and  con- 
sequently, cheaper  motors.  This  has  increased 
the  demand  for  motors  of  smaller  capacities. 

4 — A  number  of  refinements  in  the  design  and  con- 
struction of  small  motors  has  greatly  increased 
their  utility,  adaptability  and  reliability  in  opera- 
tion. 

The  year  191 3  has  emphasized  the  tendency  to- 
ward centralization  in  generating  electricity  and  in- 
stead of  the  comparatively  small  isolated  electric  plant 
of  a  few  years  ago,  the  industrial  user  of  electricity  is 
now  usually  a  purchaser  of  central  station  power. 
This  is  especially  true  in  regard  to  the  mining  field 


where  large  central  station  developments  have  been 
made  in  West  Virginia  and  Alabama  to  supply  power 
principally  for  mining  purposes.  The  central  station 
is  thus  a  most  important  factor  in  the  industrial  de- 
velopments of  the  present  day. 


PROGRESS  IN  RAILWAY  APPARATUS 
G.  M.  Eaton 

THE  striking  event  of  the  year  19 13,  in  railway 
activity,  is  the  electrification  of  a  mountain 
grade  on  a  trunk  line  using  locomotives 
equipped  with  phase  converters  and  polyphase  in- 
duction motors  designed  to  operate  on  the  single- 
phase  system.  The  adoption  of  this  type  of  motive 
power  by  the  Norfolk  &  Western  Railway  Com- 
pany for  their  Elkhorn-Bluefield  grade  constitutes  a 
turning  point  in  trunk  line  electrification.  This  ar- 
rangement is  now  generally  recognized  as  the  logical 
means  for  moving  mountain  freight. 

Double  truck  locomotives,  between  25  and  65 
tons  total  weight,  have  been  standardized  for  600  volt 
direct-current  service.  The  first  i  2Chd  volt  high- 
speed passenger  locomotive  ever  built  was  put  in 
service  this  Fall  on  the  Pacific  coast.  The  use  of 
locomotives  for  passenger  service  on  interurban 
roads  is  also  an  important  innovation.  This  is  con- 
trary to  all  previous  electrification  doctrine,  but  under 
certain  circumstances  is  undoubtedly  justifiable. 

The  extremely  satisfactory  performance  of  the 
small-wheel  light-weight  cars  for  city  service  has  re- 
sulted in  a  great  extension  of  their  application.  A 
line  of  motors  consisting  of  a  30  horse-power  motor 
for  24-inch  w^heels,  a  40  horse-power  for  26-inch 
wheels  and  a  45-50  horse-power  for  28-inch  wheels 
has  been  developed  to  meet  the  increasing  popularity 
of  this  class  of  rolling  stock.  In  these  small-wheel 
cars  the  body  is,  in  some  cases,  so  close  to  the  rail 
that  no  equipment  can  be  installed  under  the  floor. 
Special  control  equipment  has,  therefore,  been  de- 
veloped for  this  class  of  cars,  being  particularly  ap- 
plicable where  such  cars  are  intended  for  multiple- 
unit  operation.  This  control  consists  essentially  of  a 
pneumatically-operated  commutating  switch  and  line 
switches.  The  space  occupied  and  the  weight  are 
both  very  small. 

During  the  year  large  orders  for  field  control 
motors  and  equipments  have  been  placed  in  New 
York,  Chicago  and  elsewhere. 

The  commutating  pole  mine  motors  continue  to 
give  satisfaction  in  their  field.  The  rugged  bronze 
sleeve  armature  bearings  with  oil  and  waste  lubrica- 
tion have  given  perfect  performance,  and  there  is  a 
marked  decrease  in  the  tendency  to  experiment  w-ith 
other  types  of  bearings  in  mine  service.  The  cast 
steel  bar  frame  has  proven  thoroughly  satisfactory 
for  mine  locomotives  and  is  the  most  practical  and 
serviceable  frame  yet  developed. 
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The  application  of  storage  battery  locomotives 
has  advanced  rapidly,  due  to  the  remarkable  improve- 
ment in  storage  battery  construction.  The  present 
day  battery  may  be  worked  harder  and  it  will  with- 
stand successfully  the  severe  mechanical  shocks  inci- 
dent to  locomotive  operation.  Also,  storage  batteries 
may  now  be  charged  efficiently  at  very  high  rates  and, 
therefore,  in  short  periods  of  time,  so  that  a  battery 
locomotive  of  relatively  light  weight  and  small  cost  is 
now  available.  The  improvement  proved  to  be  an 
incentive  to  the  motor  designers,  so  that  there  are  now 
available  traction  motors  suited  particularly  for  opera- 
tion from  storage  batteries. 

A  new  method  for  securing  axle  bearing  brasses 
has  been  devised  by  which  dowels,  keys  and  all  sep- 
erate  pieces  have  been  eliminated.  Forged  gears 
have  been  widely  applied.  Their  use  has  called  still 
further  attention  to  the  previously  recognized  advisa- 
bility of  omitting  the  gear  key,  and  a  considerable  ad- 
vance has  been  made  in  this  direction.  Heat  treat- 
ment of  gears  and  pinions  has  been  given  much  study 
and  various  new  alloy  steel  gears  and  pinions  have 
been  developed.  Flexible  gears  have  been  developed 
to  a  point  where  they  are  thoroughly  practical  for 
heavy  high  speed  intcrurban  car  service. 

A  new  pantagraph  trolley  with  two  separate  con- 
tact shoes  has  been  developed.  This  trolley  is  adapted 
for  the  collection  of  heavy  current  at  both  low  and 
high  speeds.  It  has  been  installed  both  for  high  speed 
passenger  work  and  in  semi-industrial  yard  electrifi- 
cation. In  this  latter  service,  where  operating  volt- 
ages higher  than  600  volts  are  hardly  justifiable,  this 
trolley  is  used  in  connection  with  overhead  construc- 
tion of  moderate  cost,  where  the  main  line  track  has 
standard  catenary  construction,  and  where  the  sidings 
have  a  modified  form  of  direct  suspension. 

During  the  past  year  there  has  been  a  general 
healthy  activity  in  trunk  line  electrification,  many  im- 
portant grades  being  made  the  subject  of  study,  and 
the  outlook  for  the  future  of  such  electrifications 
seems  promising.  The  single-phase  system  has  been 
given  a  great  impetus  in  connection  with  these  trunk 
line  grade  electrifications,  as  the  demand  for  far  more 
powerful  locomotives  than  any  yet  built  is  proving 
this  system  to  be  the  only  practicable  solution  of  the 
electrification  problem. 


RECENT  DEVELOPMENTS  IN  INDUSTRIAL 
TRAINING 

C.    R.    DOOLEY 

INDUSTRY  has  long  felt  that  despite  the  excellent 
work  being  done  in  the  development  of  our  na- 
tional educational  institutions,  the  result  has  been 
unsatisfactory.  During  the  past  ten  years,  in  a  very 
quiet  way,  a  surprising  number  of  industries  have 
established  their  own  training  schools,  and  today  the 
educational  department  is  a  recognized  part  of  a 
progressive    corporation.      Each     company    has     de- 


veloped its  own  method.  Until  recently  there  has  been 
practically  no  attempt  at  cooperation  or  a  systematic 
exchange  of  ideas  and  experiences.  Consequently  there 
has  been  a  great  deal  of  needless  duplication  of  experi- 
ments and  mistakes. 

Early  in  the  past  year  the  obvious  thing  happened. 
A  few  business  men  got  together  and  found  that  they 
had  many  problems  in  common  in  the  development 
and  training  of  their  men.  The  suggestion  of  a  means 
of  exchanging  ideas  was  hardly  made  before  it  became 
a  movement,  and  within  a  few  months  took  definite 
form  in  the  establishing  of  the  National  Association 
of  Corporation  Schools  Forty-four  corporations  now 
compose  the  active  membership,  and  the  mere  di- 
versity of  these  industries  is  significant  of  the  compre- 
hensive scipe  and  the  great  possibilities  of  the  move- 
ment. This  assocation  is  not  in  the  least  antagonistic 
to  the  established  educational  institutions.  In  fact,  it 
is  believed  that  some  day  these  institutions  will  pro- 
vide a  very  large  part  of  the  training  which  the  vari- 
ous industries  require.  In  the  meantime  some  definite 
action  must  be  taken.  The  industries  themselves  must 
set  the  standards. 

Last  September  the  association  held  its  first  an- 
nual convention,  where  more  than  65  industries  were 
represented  by  127  delegates.  This  meeting  was  epoch- 
making  and  remarkable  for  its  spirit  of  perfect  har- 
mony and  serious  purpose,  as  well  as  for  its  breadth 
of  view.  The  speakers  told  simply  what  they  were 
doing;  under  what  conditions  they  were  working; 
what  success  they  were  having,  and  something  of 
their  plans  for  future  development.  Xo  one  boasted 
of  his  achievements ;  no  one  sought  to  exploit  his 
own  ideas;  no  "sure  cure"  plan  was  proposed,  but  each 
spoke  simply  to  add  his  experience  to  the  collection 
of  data,  more  with  a  desire  to  receive  suggestions 
than  to  give  advice.  The  discussion  was  one  great 
round  table  of  exchange  of  ideas,  much  more  free 
from  prejudice  than  is  usually  found  at  educational 
meetings. 

Alany  varieties  of  industries  were  represent- 
ed, and  all  phases  of  specific  training  in  salesmanship, 
engineering,  management  and  industrial  trades,  in 
addition  to  such  subjects  as  the  health  of  the 
individual,  sanitary  factory  conditions  and  community 
welfare  were  discussed.  Interest  centered  about  the 
happiness  of  the  individual  employe,  as  both  a  moral 
and  an  economic  factor  in  industrial  progress.  Only 
that  kind  of  welfare  work  which  has  economic  value 
behind  it  and  which,  therefore,  is  more  rightly  called 
educational  work  can  accomplish  the  desired  results; 
and  also,  only  that  business  organization  can  hope  to 
succeed  in  the  future  which  has  for  its  highest  mo- 
tive the  happiness  and  highest  development  of  the  in- 
dividual employe.  Efficiency  systems  which  neglect  the 
clement  of  humanity  will  fail  absolutely. 

It  has  now  been  some  ten  years  since  the  New 
York  Central  Railroad  and  the  Santa  Fe  established 
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tlicir  industrial  training  work  for  mechanical  trades 
apprentices.  During  this  period  this  particular  kind 
of  company  school  has  been  so  well  developed  that 
the  establishing  and  conducting  of  such  schools  is  now 
largely  a  problem  of  administration  rather  than  of 
method.  It  is  true  that  there  are  yet  many  industries 
in  which  the  methods  have  not  been  at  all  standard- 
ized and  in  which  the  basic  conditions  have  not  yet 
been  thoroughly  analyzed ;  however,  on  the  whole,  the 
trade  teaching  end  of  industrial  training  as  conducted 
by  corporations  has  been  very  well  worked  out. 

Attention  is  now  being  turned,  on  the  other  hand, 
to  the  larger  phase  of  the  subject,  the  training  at  the 
other  end  of  the  line — namely,  the  education  of 
the  executive.  \'ery  recently  the  statement  has  been 
made  by  half  a  dozen  managers  in  different  indus- 
tries, that  they  did  not  have  an  executive  who  knew 
his  own  job  thoroughly  enough  to  train  his  assistants 
properly.  It  is  rapidly  becoming  a  prime  duty  of  an 
executive  to  instruct  and  train  the  men  of  his  staff. 
This  means  that  industrial  training  should  begin  at 
the  top :  that  the  big  boss  must  go  to  school, 
and  that  those  best  equipped  to  teach  are 
those  acti\  ely  engaged  in  the  work,  though  they  have 
yet  to  be  developed  into  teachers.  Before  we  can  hope 
to  develop  young  men  properly  trained  in  the  simple 
phases  of  industrial  work,  we  must  develop  executives 
and  department  heads  who  have  such  a  clear  vision  of 
their  functions  and  fields  of  work ;  who  have  such  a 
comprehensive  grasp  of  their  positions  and  responsi- 
bilities; who  know  so  thoroughly  the  details  and  also 
their  comprehensive  relations;  who  have  so  standard- 
ized their  jobs,  that  they  in  turn  can  at  least  give  direc- 
tion to  the  training  of  those  under  them.  Present  day 
executives  and  managers  just  "growed,  like  Topsy." 
In  the  future  they  will  be  especially  selected  and  spe- 
cifically trained. 

A  very  important  department  store  owner  and 
manager  of  Boston  at  a  recent  meeting  of  the  direc- 
tors of  the  Association  of  Corporation  Schools,  said : 
"My  job  is  to  educate  myself  thoroughly  by  studying 
the  organization  and  management  of  department 
stores  throughout  this  country  and  Europe.  My  next 
job  is  to  hand  this  information,  or  education,  if  you 
please,  down  to  my  department  heads,  who  in  turn 
hand  it  down  to  the  buyers,  the  sales  force  and  so  on 
down  to  the  engine  room  attendant,  and  in  this  way 
fill  all  positions  by  men  especially  trained  for  them 
rather  than  by  the  present  method  of  chance  or  cir- 
cumstance." 

This  is  perhaps  the  most  significant  phase  of  all 
of  the  many  developments  which  are  coming'  about 
in  the  field  of  industrial  education. 

An  idea  of  the  comprehensiveness  of  this  movement  may 
be  gained  by  referring  to  the  appended  list  of  industrial  or- 
ganizations which  are  members  of  the  National   Association 
of  Corporation  Schools. 
Addressograph   Co.,  Chicago.  111. 
American  Locomotive  Co.,  Schenectady,  N.  Y. 
American    Multigraph   Sales   Co.,   Cleveland.   O. 


American  Telephone  &  Telegraph  Co.,  New  York,  N.  Y. 

Atchison  Topeka  &  Santa  Fe  Railway,  Topeka,  Kan. 

The  Brighton  Mills,  Passaic,  N.  J. 

The  Brooklyn  Union  Gas  Co.,  Brooklyn,  N.  Y. 

Burroughs  Adding  Machine  Co.,  Detroit,  Mich. 

Cadillac  Motor  Car  Co.,  Detroit,  Mich. 

Carnegie  Steel  Co.,  Pittsburgh,  Pa. 

Commonwealth  Edison  Co.,  Chicago,  111. 

Consolidated  Gas  Co.  of  New  York,  New  York  City,  N.  Y. 

The    Curtis   Publishing   Co.,    Philadelphia,   Pa. 

Dodge  Manufacturing  Co.,  Mishawaka,  Ind. 

Doherty  Operating  Co.,  New  York,  N.  Y. 

R.  R.   Donnelley  &  Sons  Co.,  Chicago,  111. 

Thomas  A.  Edison  Co.,  Orange,  N.  J. 

General  Electric  Co.,  Schenectady,  N.  Y. 

Haines,  Jones  &  Cadbury  Co.,  Philadelphia,  Pa. 

The  Larkin  Co.,  Buffalo,  N.  Y. 

The  Lunkcnheimer  Co.,   Cincinnati,   Ohio. 

The  Manhattan  Rubber  Mfg.  Co.,  Passaic,  N.  J. 

National  Cash  Register  Co.,  Dayton,  O. 

National  Cloak  &  Suit  Co.,  New  York,  N.  Y. 

The  New  York  Edison  Co.,  New  York,  N.  Y. 

Norton  Company,  Worcester,  Mass. 

Packard  Motor  Car  Co.,  Detroit,  Mich. 

The  Penn.sylvania  Railroad  Co.,  Altoona,  Pa. 

Plymouth  Cordage  Co.,  Boston,  Mass. 

Public  Service  Corporation  of  N.  J.,  Newark,  N.  J. 

M.  Rumely  Company,  LaPorte,  Ind. 

Spencer  Trask  &  Co.,  New  York,  N.  Y. 

The  Spirella  Co.,  Meadville,  Pa. 

The  Stanley  Works,  New  Britain,  Conn. 

Strawbridge   &  Clothier,   Philadelphia,   Pa. 

Travelers  Insurance  Co.,  Hartford,  Conn. 

Remington  Arms  Union  Metallic  Cartridge  Co.,  N.  Y. 

Trow  Directory  Printing  &  Bookbinding  Co.,  N.  Y. 

United  States  Cast  Iron  Pipe  &  Foundry  Co.,  Burlington, 

N.  J. 
Western  Electric  Co.,  Chicago,  111. 
Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa. 
Westinghouse  Machine  Co.,  East  Pittsburgh,  Pa. 
Willys-Overland  Co.,  Toledo,  O. 
Vale  &  Towne  Mfg.  Co.,  Stamford,  Conn. 


ELECTRIC   PLEASURE   AND    COMMERCIAL 
VEHICLES 

Bernard  Lester 

SINCE  the  electric  vehicle  is  primarily  simple  in 
its  construction  and  operation,  the  improve- 
ments made  have  been  more  in  the  way  of  re- 
finements than  the  application  of  new  principles.  The 
increase  in  demand  has  largely  been  along  the  line  of 
commercial  trucks.  As  such  a  vehicle  is  employed 
only  for  utility  and  the  advantages  obtained  by  its  use 
are  subject  to  detailed  analysis  upon  a  dollars  and 
cents  basis,  it  has  been  employed  to  a  greater  extent 
by  the  leading  companies  engaged  in  transportation 
and  distribution  of  goods  such  as  express  companies, 
breweries,  bakers  and  department  stores  than  by  any 
other  classes  of  users.  As  could  be  expected  the 
larger  the  number  of  these  vehicles  placed  in  service, 
the  lower  are  the  operating  expenses.  Fortunately  a 
careful  study  of  the  comparative  merits  of  electric 
commercial  vehicles  and  gasoline  commercial  vehicles 
has  been  made  by  several  companies  who  have  em- 
ployed both  types  of  vehicles,  results  of  which  have 
served  generallv  to  exploit  the  use  of  the  electric  com- 
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niercial  car.  'Jhe  number  of  sizes  and  types  of  elec- 
tric commercial  vehicles  has  increased  to  a  consider- 
able extent  and  there  has  been  a  specialization  of 
these  vehicles  for  certain  definite  purposes,  such  as 
service  trucks  for  use  by  central  stations  and  power 
companies,  ambulances  and  similar  types  of  service. 

A  number  of  refinements  in  the  construction  and 
finish  of  electric  pleasure  vehicles  have  materially  im- 
proved their  appearance  and  utility.  A  greater  mile- 
age has  been  obtained  by  improvements  in  the  con- 
struction of  the  chassis  and  the  use  of  batteries  of 
thinner  plates  and  a  larger  number  of  plates  per  cell. 
Improvement  in  the  design  of  vehicle  motors  has  re- 
sulted in  an  increased  operating  efficiency  and  con- 
sequently a  material  saving  in  power  to  the  user. 
Dual  or  duplex  control  has  ljeenado])ted  by  a  num- 
ber of  manufacturers  of  electric  pleasure  vehicles.  In 
this  way  the  car  can  be  operated  either  from  a  front 
seat  or  from  a  rear  seat.  In  some  cases  automatic 
control  has  been  employed,  though  this  has  not  Ijeen 
generally  adopted.  The  use  of  single  reduction  worm 
drive  is  being  exploited  as  a  distinctive  feature  on 
some  of  the  latest  types  of  vehicles. 

If  anything,  greater  advance  has  been  made  along 
the  line  of  simple,  eflicient  and  reliable  apparatus  for 
use  in  charging  electric  vehicles  than  during  any  year 
previous.  The  number  of  electric  pleasure  vehicles 
and  commercial  trucks  which  have  been  put  into  ser- 
vice have  brought  about  a  realization  of  the  absolute 
necessity  of  a  close  analysis  of  the  problem  involved 
in  charging  electric  vehicles.  A  number  of  garages, 
both  large  and  small,  have  equipped  themselves  espe- 
cially for  this  class  of  work.  .Systems  have  been 
worked  out  for  handling  cars  in  quantities  efficiently 
and  keeping  a  definite  record  of  their  condition  and 
of  the  work  done  upon  them. 

Mention  should  be  made  of  the  active  work  car- 
ried on  by  the  Electric  \'ehicle  .\ssociation  of  -\mer- 
ica.  On  October  27th  and  2Sth  at  Chicago,  the 
annual  convention  was  held,  at  which  reports  were 
made  of  work  done  during  the  past  year  by  the 
various  committees  and  work  proposed  for  the  future. 
This  .\ssociation  has  been  carrying  on  a  very  active 
campaign  with  the  pulilic  in  the  interest  of  the  cen- 
tral stations,  manufacturers  of  electric  vehicles  and 
manufacturers  of  their  component  parts,  by  means  of 
advertisements  in  the  popular  magazines  and  through 
other  channels.  Two  complete  and  attractive  publica- 
tions have  been  issued,  one  upon  the  pleasure  vehicles 
and  the  nther  upon  the  commercial  truck.  The  As- 
sociation at  the  present  time  serves  as  a  center  of  co- 
operation for  all  those  interested  in  this  enterprise. 


construction.  In  fact,  transformers  seem  to  have 
reached  that  stage  in  their  development  where  changes 
will  come  more  slowly  and  will  be  more  in  the  nature 
of  detail  improvements  rather  than  wide  departures 
from  previous  standards.  We  have  added  consider- 
ably to  our  knowledge  of  the  properties  and  character- 
istics of  the  materials  used  in  building  transformers 
but  the  extent  of  this  is  apparent  chiefly  to  those  di- 
rectly connected  with  design. 

During  1912,  work  was  begun  on  the  first  150000 
volt  transmission  system.  This  system  is  now  oper- 
ating to  a  limited  e.xtent  so  that  1913  has  the  distinc- 
tion of  seeing  the  first  150000  volt  power  line  in  com- 
mercial use.  Successful  operation  at  this  voltage 
seems  to  be  assured  and  there  is  no  apparent  reason 
why  we  cannot  go  higher  provided  there  is  pr^imi-e  of 
sufficient  return  on  the  investment. 

The  placing  of  transformers  in  outdoor  sub-sta- 
tions has  been  greatly  extended.  At  first  only  small 
units  of  medium  voltage  were  used  but  the  saving 
etYected  by  placing  transformers  out  doors  soon  be- 
came apparent  and  now  there  are  many  outdoor  sub- 
stations containing  large  transformers  of  high  voltage. 
.Self-cooling  transformers  are  peculiarly  suitable  for 
such  service  since  they  require  no  attendance.  The 
outdoor  sub-station  is  responsible  for  the  greatly  in- 
creased use  of  this  type  in  large  sizes. 

The  same  tendency  towards  higher  voltages 
which  we  have  observed  in  power  transformers  is  also 
to  be  seen  in  distributing  transformers.  A  few  years 
ago  there  were  very  few  distributing  transfomiers 
operating  at  voltages  above  4000  but  this  limit  has 
been  increased  gradually  by  successive  steps  until  now 
they  are  operating  on  circuits  as  high  as  19  000  volts. 

Thus  we  see  that  everywhere  the  tendency  is  to- 
wards higher  voltages,  and  a  little  reflection  shows 
that  this  is  to  be  expected.  The  field  of  electrical 
service  is  broadening  out  and  taking  in  territory  far- 
ther and  farther  away  from  the  generating  stations 
which,  for  reasons  of  economy,  should  be  few  and 
centrallv  located,  rather  than  many  and  scattered. 


TRANSFORMER  PROCESS 

W.    M.    McCON.^HEY 

WHILE  1913  has  been  a  year  of  great  activity 
in  transformer  manufacture,  it  has  not  been 
productive  of  any  new  types  or  of  any  rad- 
ical changes  in  the  methods  of  design  or  materials  of 


DEVELOPMENTS     IN     INDUSTRIAL 
ENGINEERING 

J.   M.    HiPPLE 

THE  past  year  marked  the  close  of  one  of  the 
recurring  periods  of  redesign  of  industrial  ap- 
paratus. For  four  or  five  years,  manufactur- 
ers have  been  more  than  ordinarily  active  in  devel- 
oping new  lines  of  apparatus  and  there  are  now- 
available  practically  complete  lines  incorporating 
the  latest  results  of  the  designer's  art.  There  have 
been  a  number  of  notable  developments  that  have 
made  this  general  redesign  imperative.  For  in- 
stance, the  commutating  pole,  used  at  first  for  adjust- 
able-speed motors  only  or  as  a  cure  for  trouble  in 
constant-speed  motors  and  generators,  soon  proved 
its  right  to  be  considered  as  a  prime  factor  in  the 
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design  of  direct-current  machines  of  all  types.  As 
a  result  complete  lines  of  constant-speed,  commutat- 
ing-pole  motors  for  general  industrial  service  and 
varying-speed,  commutating-pole  motors  for  mill 
and  hoist  service,  are  now  on  the  market. 

Great  advances  in  the  use  of  rolled  and  pressed 
metals  in  other  industries  indicated  their  probable 
usefulness  in  motor  construction.  Following  out 
this  line  of  development,  complete  lines  of  both  al- 
ternating-current and  direct-current  motors  up  to 
approximately  150  horse-power  are  available  in 
which  strength,  rigidity  and  light  weight  have  been 
secured  by  the  use  of  these  materials  in  motor  frame, 
bearing  brackets,  brushholders  and  details.  The  de- 
velopment of  commercial  methods  of  casting  end 
rings  on  the  rotors  of  squirrel  cage  motors  has  led 
to  new  designs  in  which  the  old  bolted-on  construc- 
tion of  ring  to  bar  has  been  discontinued.  The  cast 
on  ring  makes  a  great  advance  in  rotor  construction 
and  results  in  a  practically  indestructible  rotor. 

In  the  small  motor  field,  below  one  horse-power, 
the  development  of  commutator  motors  that  will  op- 
erate successfully  and  at  approximately  the  same 
speed  on  either  alternating  or  direct-current  circuits 
has  greatly  simplified  the  marketing  of  vacuum 
cleaners,  portable  electric  tools  and  similar  devices. 
Two  developments  have  shared  in  bringing 
about  a  great  advance  in  industrial  motor  control 
design.  These  are :  bakelite  insulation  in  its  vari- 
ous forms,  of  moulded  and  bakelite  micarta;  and  the 
introduction  of  the  self-closing  or  lockout  switch. 
The  introduction  of  bakelite  materials  has  made 
possible  entirely  reliable  control  insulation  that  will 
withstand  the  heat,  moisture  and  rough  usage  to 
which  control  apparatus  is  subjected.  The  use  of 
series  self-closing  switches  has  made  it  possible  to 
take  the  majority  of  the  interlocks  ofif  the  control 
panel,  thereby  reducing  the  wearing  parts  and 
greatly  simplifying  the  entire  controller.  The  sim- 
plicity and  reliability  of  the  new  lines  of  automatic 
control  have  greatly  increased  its  use  in  all 
classes  of  service.  In  the  steel  mill  industry  automatic 
control  is  being  used  practically  throughout.  Even  the 
traveling  cranes,  which  until  recently  were  equipped 
with  hand  control,  are  now  being  equipped  generally 
with  automatic  control.  The  same  condition  prevails 
in  the  machine  tool  industry  and,  in  fact,  wherever 
flexibility,  convenience  and  safety  are  essential  fea- 
tures of  operation. 

In  addition  to  the  developments  mentioned  above, 

leading     to     redesign,    there     has     come     with     the 

"redesign  a  development  of  manufacturing  processes 

and  a  more  careful  study  and  selection  of  materials 

which  has  resulted  in  better  balanced  designs. 

In  a  corresponding  review  a  year  ago,  the  sub- 
ject of  electric  starters  for  gasoline  automobiles  was 
mentioned.     Since  that  time   developments  in   this 


line  have  been  very  rapid.  The  electrical  equip- 
ment of  gasoline  automobiles  consists  of  three  main 
features :  ignition,  lighting  and  starting.  Develop- 
ments of  the  past  year  have  been  in  devising  various 
methods  of  providing  these  features  in  a  car,  either 
separately  or  in  combination.  Many  poorly  designed 
machines  and  makeshift  applications  have  been  put  out 
upon  the  market  and  the  electric  equipment  of  the  car 
has  been  discredited  by  just  so  much.  In  spite  of  this, 
the  demand  for  electric  equipment  covering  all  three 
features  has  become  practically  universal.  While  no 
standard  has  yet  been  reached,  there  seems  to  be  a 
decided  sentiment  in  favor  of  combining  the  ignition, 
lighting  and  starting  functions  in  two  units,  prefer- 
ably ignition  and  lighting  in  one  unit  and  starting 
in  a  second  unit.  Such  a  combination  is  along  ra- 
tional lines  from  the  standpoint  of  design  of  the 
machine  and  also  works  out  to  best  advantage  as 
regards  application  to  the  engine.  The  elimination 
of  the  poorly  designed  sets  and  makeshift  applica- 
tions has  already  begun  and  it  is  confidently  believed 
that  another  year  will  see  this  situation  placed  on  a 
much  mote  stable  basis  and  that  the  manufacturers, 
realizing  the  reliability  of  electrical  equipment,  will  be 
led  to  install  additional  electrical  devices. 


ENGINEERING  TENDENCIES  IN  GENERAT- 
ING APPARATUS 

F.  D.  Newbury 

THE  notable  feature  of  the  year  1913  in  the  field 
of  larger  generating  apparatus  has  been  the 
phenomenal  increase  in  the  number  of  ex- 
tremely large  steam  and  water  turbine-driven  gener- 
ators applied.  This  has  been  due  to  the  ability  of  the 
manufacturers,  on  the  one  hand,  to  supply  such  larger 
units ;  to  their  economy  in  first  cost  of  apparatus,  real 
estate  and  buildings,  and  economy  in  operation ;  and 
finally,  on  the  other  hand,  to  the  favorable  business 
conditions  during  the  latter  part  of  1912  and  the  early 
part  of  1913  that  made  their  purchase  possible.  Con- 
sidering only  the  largest  work  of  this  kind  done  in 
the  past  eighteen  months  by  the  company  with  which 
the  writer  is  most  familiar,  twenty-one  water  wheel 
driven  generators  have  been  completed  or  are  under 
construction  having  an  average  capacity  of  13  500 
k.v.a.  and  a  total  capacity  of  283  500  k.v.a.  During 
the  same  period,  twenty-five  steam  turbine  units  hav- 
ing an  average  capacity  of  18000  k.v.a.  (and  a  total 
capacity  of  450000  kv.a.)  have  been  completed  or  are 
under  construction.  The  significance  of  these  figures 
is  realized  when  it  is  known  that  previous  to  this  per- 
iod only  an  occasional  10  000  or  15  000  k.v.a.  unit  was 
built.  In  this  same  connection  it  is  interesting  to  note 
the  preponderance  of  steam  turbine-driven  units  over 
alternating-current  generators  driven  by  all  other 
prime  movers.     The  "boom"  period  previous  to  the 
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one  from  which  we  have  apparently,  just  emerged  oc- 
curred in  1906-7.  Comparing  outputs  for  equal  times 
in  these  two  periods,  representing  maximum  produc- 
tion for  each  class,  it  was  found  that  during  1906-7, 
214000  k.v.a.  of  turbo-alternators  and  293000  k.v.a. 
of  all  other  alternators  were  built;  while  in  1912-3, 
520  000  k.v.a.  of  turbo-alternators  and  only  420  000 
k.v.a.  of  other  alternators  were  built. 

In  the  previous  period,  turbo-generators  repre- 
sented somewhat  less  than  half  of  the  total  for  the 
selected  period,  while  in  1912-13  turbo-generators 
passed  the  total  of  all  other  alternating-current  gen- 
erators and  represented  55  percent  of  the  grand  total. 
While  turbo-generators  increased  nearly  150  percent, 
all  other  alternating-current  generators  increased  less 
ttian  50  percent.  While  these  figures  are  taken  from 
the  business  of  only  one  company,  they  confirm  a  gen- 
eral impression  and  are,  undoubtedly,  typical  of  the 
business  of  the  country. 

It  is  also  interesting  to  consider,  briefly  and  in 
general  terms  only,  the  differences,  other  than  in 
amount,  in  the  apparatus  built  during  these  two 
periods.  Four  general  tendencies  may  be  noted ;  in- 
crease in  size  of  individual  units ;  increase  in  speed  of 
the  largest  units ;  increase  in  the  use  of  higher  fre- 
quency apparatus;  and  increased  refinement  and  com- 
plication in  design  to  meet  the  wider  duty  and  better 
performance  demanded  of  electrical  apparatus. 

The  largest  units  have  tripled  in  size  during  this 
period;  where  10 000  k.v.a.  units  were  unusual  in 
1906-7,  and  in  fact,  were  unusual  for  three  years 
thereafter,  20000  k.v.a.  units  have  been  common,  and 
30000  and  35000  k.v.a.  units  have  been  under  con- 
struction in  1913.  The  so-called  "cross  compound" 
30000  k.v.a.  units  being  built  for  the  Interborough 
Rapid  Transit  Company  mark  a  new  development  in 
power  unit  design  and  a  new  record  for  guaranteed 
economy. 

Steam  turbine  speeds  have  increased  from  720  and 
750  r.p.m.  for  25  and  60  cycles  generators  to  i  500 
and  I  800  r.p.m.  for  units  of  double  capacity.  The 
capacity  of  3  600  r.p.m.  units  has  increased  from  i  000 
k.v.a.  to  5  000  k.v.a.  In  rotary  converters,  to  men- 
tion a  class  of  apparatus  in  which  speed  is  determined 
solely  by  the  electrical  apparatus,  a  2  000  kw  600  volt, 
25  cycle  converter,  the  largest  built  in  1907,  has  in- 
creased in  speed  from  187  to  375  r.p.m.  in  1913.  Also 
in  1913,  4000  kw  units  at  187  r.p.m.  have  been  placed 
in  operation.  The  speeds  of  60  cycle  converters  have 
increased  as  markedly  and,  it  is  worthy  of  note,  with 
decided  improvements  in  operating  performance. 

The  relative  increase  in  the  use  of  60  cycle  appar- 
atus has  been  striking.  In  1907  the  largest  machines 
— both  steam  and  water  driven — were  associated  al- 
most entirely  with  25  cycles.  In  1913  the  lower  fre- 
quency apparatus  has  been  decidely  in  the  minority. 
Fifteen  out  of  the  twenty-five  large  turbo  units  pre- 


viously mentioned  were  for  60  cycles  or  higher;  out 
of  the  21  water  wheel  units  that  were  mentioned 
only  one  was  for  25  cycles.     In  this  same  c  1 

the  greatly  increased  use  of  60  cycle  rotary  c 
as  compared  with  25  cycles,  is  worthy  of  note.  Since 
1909  there  has  been  an  entire  reversal  in  position  of 
the  smaller  25  cycle  and  60  cycle  rotary  converters. 
While  in  1909,  300  and  500  kw  25  cycle  converters 
were  commonly  used  and  these  sizes  of  60  cycles  con- 
verters occasionally  used,  the  reverse  has  been  true  in 
1913.  This  can  only  mean  that  operating  companies 
are  satisfied  with  60  cycle  converters.  The  develop- 
ment of  the  60  cycle  converter  since  1909  as  an  en- 
tirely dependable  piece  of  apparatus  has  opened  the 
railway  field  to  central  stations,  generating  60  cycle 
power,  and  has  enabled  such  stations  to  follow  the 
lead  of  the  large  25  cycle  stations  in  the  use  of  rotarj' 
converters  of  the  booster  type  to  supply  direct-current 
lighting  circuits.  The  significance  of  these  facts  in 
pointing  to  the  great  extension  in  the  use  of  central 
station  power  and  in  use  of  rotary  converters  by  cen- 
tral stations  is  apparent. 

Electrical  apparatus  seems  to  be  no  exception  to 
the  general  law  that  development  and  a  more  com- 
plicated structure  go  hand  in  hand.  The  period  under 
consideration  has  seen  the  addition  of  commutating 
poles  to  commutating  machines  in  general,  including 
generators,  motors  and  rotarj-  converters;  the  great 
extension  of  rotary  converters  of  the  booster  Xy^c  for 
variable  voltage  circuits ;  the  greater  use  of  compen- 
sated direct-current  generators  for  railway  and  roll- 
ing mill  work ;  the  necessarily  increased  complication 
of  cores  and  windings  of  the  largest  turbo-generators. 
All  of  these  changes  have  good  reasons  back  of  them 
and  have  resulted  in  improvements  in  operation,  as 
otherwise  they  could  not  persist;  at  the  same  time 
they  have  greatly  increased  the  skill  required  in  de- 
sign and  in  manufacture  to  maintain  a  satisfactory 
standard  of  product. 


ENGINEERING  DEVELOPMENTS  IN  DE- 
TAIL APPARATUS 
T.  S.  Perkins 

ARE\'IEW  of  the  tendencies  and  progress  in 
1913  indicates  a  continued  effort  to  further 
perfect  and  simplify  the  apparatus  which  al- 
ready covers  rather  broadly  the  field  of  application. 
Comprehensive  lines  of  apparatus  covering  most  of 
the  requirements,  with  a  few  notable  exceptions,  are 
already  on  the  market  and  the  tendency  has  been  to 
make  them  more  suitable,  particularly  with  a  view  of 
increasing  and  extending  the  use  of  electrical  energ>-. 
Elcctrk  Lighting — Unusual  activity-  has  marked 
the  lighting  industry  in  the  past  twelve  months.  Each 
development  in  the  line  of  more  eflicient  apparatus 
has  stimulated  the  extensive  movement  for  more  and 
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better  H^'ht,  which  has  inckidcd  the  small  towns  as 
well  as  the  large  cities.  The  k)ng  burning  flame  car- 
bon arc  lamp  in  particular  has  been  developed  to  such 
a  degree  that  its  commercial  success  as  a  high  power, 
high  efficiency  lighting  unit  is  well  established.  Not 
only  is  this  true  of  the  pendant  type  of  lamp,  but  the 
unusually  high  efficiencies  and  illuminating  qualities 
of  the  flame  carbon  unit  have  lead  to  the  development 
of  an  ornamental  pillar  type  long  burning  flame  car- 
bon lani]).  The  well  established  commercial  returns 
which  have  followed  the  installation  of  the  so-called 
"white  ways"  make  it  seem  certain  that,  with  the  un- 
surpassed ornamental  qualities  of  this  lamp,  a  new 
record  will  be  established  in  the  direction  of  intense  and 
eflicient  lighting  which  is  at  once  artistic  and  scientific. 
Also  the  metallic  flame  lamps  have  had  no  small 
.share  in  the  widespread  move  for  better  illumination. 
The  movement  to  make  the  appearance  of  street  light- 
ing apparatus  more  ornamental  has  been  shown  in  the 
development  of  concealed  wiring  street  hoods  and  or- 
namental brackets  for  tungsten  lighting.  These  units 
taken  in  connection  with  the  improved  efficiencies  of 
tungsten  lamps  now  provide  a  very  satisfactory  source 
of  illumination  for  small  towns  and  suburban  districts 
where  a  high  intensity  is  not  required. 

Mcasur'uuj  Instruments — In  general,  it  may  be 
said  that  in  1913  besides  improving  the  quality  of  pre- 
viously developed  high  grade  lines,  considerable  at- 
tention has  been  given  to  producing,  in  addition,  lines 
of  instruments  for  service  where  the  cost  of  the  high- 
est grade  is  not  permissible,  and  where  accuracy  is 
not  as  essential  as  low  cost.  There  has  been  an  in- 
creasing application  of  the  smaller  or  seven-inch  size 
of  switchboard  instruments,  and  it  is  now  generally 
tised  instead  of  the  nine  inch.  The  black  dial  with 
white  letters  and  white  pointers  lias  been  very  well  re- 
ceived and  is  growing  in  popularity. 

Relays  have  received  a  great  deal  of  attention 
and  study  in  the  past  year.  The  tendency  has  been 
towards  relays  susceptible  of  accuracy  in  setting  of 
time  element  and  thus  the  induction  type  is  w-inning 
favor  over  the  bellows  type.  A  torque  compensator 
has  been  developed  which  gives  excellent  time  curve 
characteristics  to  the  induction  relays,  allowing  selec- 
tive setting  of  circuit  breakers  so  as  to  isolate  any  de- 
fective part  or  section,  without  interfering  with  the 
operation  of  circuits  which  are  in  good  order.  The 
whole  subject  of  relay  protection  is  being  placed  on 
a  more  scientific  basis.  In  applying  relays,  a  careful 
study  is  made  of  the  various  factors  in  the  circuit 
and  relays  are  applied  which  give  the  required  selec- 
tive action. 

In  connection  with  new  types  of  meters,  a  great 
deal  of  attention  and  study  has  been  given  to  the  sub- 
ject of  rates  for  electrical  energy.  One  of  the  famous 
papers  on  this  subject  was  by  Mr.  Henry  L.  Doherty, 
as  early  as  May,  1900.  in  which  he  pointed  out  the 
logic   of  working  to  the  end  of   making  rates   on   a 


demand  basis.  At  the  present  time,  this  is  generally 
recognized  and  demand  meters  are  beginning  to  be 
introduced.  The  development  of  such  a  meter  has 
proven  to  be  a  very  difficult  problem,  but  meters 
fif  both  the  indicating  and  graphic  recording  types  are 
now  being  exhibited  and  it  is  generally  recognized 
that  this  is  the  proper  basis  on  which  to  determine 
rates.  The  field  for  the  indicating  instrument  is  on 
small  loads  which  would  not  justify  the  use  of  the 
more  expensive  graphic  type  of  meter.  The  191 3 
Report  of  the  Meter  Committee  of  the  Xational  Elec- 
tric Light  Association  discusses  this  subject  and  de- 
scribes some  of  the  work  that  has  been  done  on  de- 
vices of  this  kind.  One  of  the  meters  described  is 
particularly  interesting  in  that  no  clock  is  used,  thus 
reducing  the  complication  and  increasing  the  reliabil- 
ity and  durability. 

Fan  Motors — The  drawn  steel  construction  re- 
ferred to  in  last  year's  review  has  met  with  great 
favor.  A  new  finish  has  been  perfected  for  these 
fans,  giving  a  dull  black  efifect  which  is  pleasing 
in  appearance  and  durable.  There  is  an  increasing 
use  of  the  low  speed,  six  blade,  quiet  running  fan  for 
residences  where  even  slight  noise  is  objectionable. 

Heating  Apparatus — The  tendency  has  continued 
to  be  towards  making  plain  serviceable  devices  at 
prices  which  will  attract  a  large  number  of  buyers. 
These  devices  ofifer  a  most  promising  way  to  increase 
the  central  station  load,  and  make  up  for  the  loss  of 
load  due  to  the  introduction  of  the  high  efficiency 
incandescent  lamp. 

Rectifiers — The  standard  types  of  rectifiers  have 
had  few  changes  made  on  them  during  the  past  year. 
The  number  of  electrical  vehicles  in  use  continues  to 
increase,  especially  commercial  vehicles,  and  the  tend- 
ency continues  to  be  towards  the  use  of  larger  bat- 
teries. The  vibrating  type  of  rectifier  has  continued 
acti\e  in  its  field  of  ignition  batter_\-  charging,  and  spe- 
cial outfits  have  been  made,  up  to  30  volts  capacity. 

Lightning  Arresters — The  electrolytic  arrester 
remains  the  best  and  most  used  arrester  for  high 
voltage  and  large  power  installations.  Xo  material 
changes  have  been  made  in  it,  but  there  has  been  an 
increase  in  the  use  of  charging  resistance.  During  the 
past  year,  electrolytic  arresters  were  built  for  165  000 
volts.  Choke  coils  have  been  changed  to  reduce  their 
over-all  dimensions  and  to  make  them  adaptable  to 
either  upright  or  inverted  mounting.  For  high  volt- 
age direct-current  railway  service,  the  condenser  type 
of  arrester  has  continued  to  make  a  good  record. 


THE  YEAR'S  PROGRESS  IN  MAZDA  LAMPS 

W.    H.    ROLINSON 

THE  Year  1913  has  witnessed  the  contiiuied  im- 
provement of  Mazda  lamps   from   the   stand- 
point of  economical  light  production   as  well 
as  in  the  development  of  new  types.     The  drawn  wire 
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luiigsten  filament  with  its  cliaracteristics  of  pliability 
and  ductility  has  made  it  possible  to  coil  the  wire  into 
helical  springs,  thus  concentrating  the  filament  into 
small  areas  of  high  intrinsic  brilliancy,  resulting  in 
rugged  and  economical  lamps  for  such  lighting  service 
as  automobiles,  locomotive  headlights,  stereopticon 
and  other  similar  requirements. 

Continued  experiments  with  various  bulb  black- 
ing preventives  and  the  introduction  of  such  chem- 
icals in  lamps  of  more  usual  sizes  has  made  possible 
the  operation  of  Mazda  lamps  at  higher  filament 
temperatures  and  therefore  higher  efficiencies,  so  that 
satisfactory  commercial  lives  are  obtained  at  watts 
per  candle  values  ranging  from  0.9  to  1.14  in  the  sizes 
of  25  to  500  watts  in  the  lOO  to  130  volt  range. 

Improvements  in  the  filament  drawing  process 
have  made  it  possible  to  manufacture  wire  almost  to 
exact  sizes,  so  that  by  mechanical  accuracy  in  wire  di- 
mensions such  as  length  and  diameter,  it  is  possible  to 
forecast  the  rating  of  Mazda  lamps  within  limits  of 
two  to  three  percent  without  difficulty.  The  produc- 
tion of  lamps  by  such  methods  provides  lamps  more 
closely  rated  in  voltage  and  watts  per  candle  value 
tnan  it  was  possible  to  obtain  by  the  usual  commercial 
factory  photometric  process  of  previous  years.  Pho- 
tometric measurements  of  lamps  now  serve  the  pur- 
pose of  checking  previous  manufacturing  processes. 
The  ability  to  duplicate  given  filament  sizes  has  made 
possible  the  standardization  of  lamps  of  comparative- 
ly small  sizes  for  service  in  series  electrical  circuits, 
such  as  in  street  cars.  Lamps  of  this  character  have 
proven  successful  in  many  installations,  providing 
better  illumination  and  a  greatly  decreased  cost  for 
power  with  very  satisfactory  service  lives. 

The  most  marked  advancement  of  the  year  is  the 
introduction  of  the  Mazda  lamp  in  which  inert  gases 
are  present  in  the  previously  evacuated  bulb.  Such 
lamps,  as  have  been  developed,  are  principally  of  the 
large  candle-power  sizes,  500  and  above,  operating  at 
efficiencies  of  0.7  to  0.4  watts  per  candle.  It  is  ex- 
pected that  this  improved  process  will  be  incorporated 
in  the  standard  street  series  types  of  lamps  of  the  60, 
80.  100,  200  and  350  candle-power  sizes  at  efficiencies 
ranging  from  0.6  to  0.8  watts  per  candle,  and  such 
other  lamps  in  which  filament  sizes  are  comparatively 
large  or  in  which  concentration  of  the  light  source  can 
be  made  without  detriment  to  the  service  recjuire- 
nients. 

The  improved  Mazda  lamps,  in  which  nitrogen 
has  been  introduced,  have  in  addition  to  pro- 
viding   means    of    improving    enormously    the    effi- 


ciency of  the  light  source,  made  further  progress  in 
the  delaying  of  bulb  blackening,  as  well  as  changing 
the  location  of  the  discolorations.  The  inert  gas 
(Nitrogen),  becoming  heated  through  contact  with 
the  incandescent  filament,  flows  upward  in  the  bulb 
carrying  the  evaporated  particles  of  tungsten  to  the 
base  end  of  the  lamp  when  the  lamp  is  burned  tip 
downward,  thus  locating  the  area  of  discoloration  on 
a  portion  of  the  lamp  bulb  on  which  it  has  very  little 
detrimental  effect.  Thus,  superior  candle-power  main- 
tenance will  be  found  in  the  improved  Mazda  lamps. 

An  interesting  feature  of  the  new  Mazda  lamp  is 
the  extreme  brilliancy  and  whiteness  of  the  incandes- 
cent filaments  brought  about  by  the  greatly  increased 
temperature  at  which  the  filament  operates.  The  new 
Mazda  lamp  operates  at  about  2  700  degrees  C.  while 
the  standard  ^lazda  lamps  operate  at  about  2  300  de- 
grees. The  color  value  of  the  new  lamp  closely  ap- 
proximates daylight  values  and,  as  such,  is  sure  to  be 
a  strong  competitor  of  the  intensive  direct-current 
carbon  arc  lamp  which  has  held  almost  exclusively 
the  field  requiring  an  illuminant  under  which  colors 
may  be  matched  accurately. 

An  interesting  resume  of    the    strides    made    in 

economy  of  light  production  is  given  below: 

Type  of  Lamp 
Carbon 
Metallized 
Mazda 

(inert  gas) 

Thus  the  Mazda  lamps  of  the  earlier  part  of 
1913,  giving  more  than  three  times  as  much  light  as 
the  older  carbon  lamps,  are  superseded  at  the  end  of 
the  year  by  lamps  giving  approximately  seven  times  as 
much  light  per  unit  of  energy.  Speaking  for  the  year 
1913,  the  improved  ^lazda  lamp  has  practically 
doubled  the  light  production  per  unit  of  energy,  over 
the  most  efficient  lamp  available  a  year  ago. 

The  progress  for  the  year  has  added  considerably 
to  the  range  covered  by  incandescent  lamps  so  that 
there  are  now  available  !Mazda  lamps  of  candle-power 
values  from  less  than  one  to  approximately  two 
thousand,  with  possibilities  of  extending  this  range 
n^aterially,  and  of  all  commercial  voltages  from  one  to 
260  volts.  The  present  range  of  Mazda  lamps  in- 
cludes lamps  suitable  for  flashlights,  miniature  decor- 
ative purposes,  automobiles,  signs,  railway  trains, 
residence  lighting,  street  railway  cars,  locomotive 
headlights,  street  lighting,  stereopticon  senice  and 
lamps  large  enough  to  be  suitable  for  illumination  of 
large  exteriors,  such  as  train  sheds  and  principal  busi- 
ness thoroughfares. 


Candle-power  per  Watt  Input 
0.3  Candle-power 
0.4 
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The  Engineering  Evolution   of   Electrical 

Apparatus— I 

THE  BEGINNINGS  OF  THE  ALTERNATING-CURRENT  SYSTEM 

Chas.  F.  Scott 

One  of  the  features  of  the  Journal  for  the  year  1914  is  to  be  a  group  of  articles  outlining  in  remi- 
niscent style,  the  history  of  the  electrical  industry.  They  will  review  the  important  steps  in  the  develop- 
ment of  various  types  of  apparatus,  indicating  the  important  changes  which  have  taken  place  and 
pointing  out  the  engineering  reasons  why  they  were  considered  advisable.  These  articles,  prepared  by 
prominent  engineers  who  have  been  in  the  fore-front  in  electrical  progress,  will  naturally  be,  to  a  certain 
extent,  of  a  personal  nature  and  will  thus  have  the  feature  of  human  interest  as  well  as  technical 
accuracy. —  (Ed.) 


HISTORY  may  be  abstract,  or  it  may  be  con- 
crete and  personal ;  it  may  record  events 
simply  as  facts,  or  it  may  show  a  continuous 
sequence  of  cause  and  effect.  Electrical  history  is 
high-speed  history.  Men  still  live  who  were  boys 
when  Faraday  discovered  the  principles  of  electro- 
magnetic induction,  the  basis  of  nearly  all  that  has 
followed.  In  the  fifty  years  since  the  ring  arma- 
tures of  Gramme  and  Pacinnotti,  and  the  drum  arm- 
ature of  Siemens  were  invented,  have  come  our  dy- 
namos and  motors  and  our  electric  light  and  power 
systems.  Nearly  everything  electrical  that  we  have 
today  has  come  from  forms  that  were  crude  and  ele- 
mentary a  generation  ago  or  from  inventions  then 
unknown.  It  is  a  wonderful  picture — this  mov- 
ing picture  of  some  thirty  years  of  electrical  prog- 
ress. The  successive  types  of  generators  and  mo- 
tors, of  transformers  and  meters  and  lamps,  of  cir- 
cuit breakers  and  lightning  arresters,  of  insulators 
and  transmission  lines  have  not  come  haphazard; 
they  are  forward  steps  to  overcome  difficulties  or 
to  meet  new  demands ;  there  has  been  logical  suc- 
cession and  true  evolution.  Nothing  can  be  more 
impressive  and  instructive  than  to  trace  this  devel- 
opment and  to  bring  into  a  few  pages  the  story  of  the 
development  of  a  turbo-generator  or  a  wattmeter,  for 
example,  from  its  prototype  of  a  score  of  years  ago. 
Electricity  was  demonstrating  its  commercial 
usefulness  in  the  early  eighties ;  an  electric  car  thirty 
years  earlier,  and  arc  and  incandescent  lighting, 
shown  by  Davy  seventy  years  earlier,  had  been 
operated  by  costly  batteries  and  had  lain  commer- 
cially dormant  awaiting  cheap  electric  power.  The 
dynamo  was  brought  to  usefulness  in  the  preceding 
decade.  Edison's  incandescent  lamp  with  high  re- 
sistance carbon  filament  came  in  1879.  A  new  prob- 
lem was  pressing  for  solution — how  to  get  the  cur- 
rent from  the  dynamo  to  the  lamp  and  how  to  sup- 
ply commercially  a  number  of  lamps  from  one  dy- 
namo in  such  a  way  that  some  of  them  could  be  turned 
oft"  without  affecting  others. 

Several  lamps  were  at  first  connected  in  series 
and  operated  by  current  of  constant  strength,  as 
are  street  arc  lamps  today.  The  method  of  multiple 
connection   was   then   proposed,   requiring  constant 


potential  mains — the  system  by  which  over  99  per- 
cent of  the  electric  power  now  generated  is  distrib- 
uted. Nothing  shows  more  clearly  how  far  from 
present  practice  were  the  electrical  ideas  of  a  gen- 
eration ago  than  the  following  quotation  from  a  lec- 
ture in  1878  by  one  of  the  most  eminent  electrical 
engineers  in  England.  After  describing  certain  ex- 
periments in  which  the  candle-power  of  lamps  con- 
nected in  multiple  decreased  very  greatly  as  each 
lamp  was  added,  he  said,  "Hence,  a  subdivision  of 
light  is  an  absolute  ignis  fatuus." 

To  maintain  constant  potential  requires  dyna- 
mos which  produce  constant  potential  and  circuits 
causing  small  loss.  Lamps  of  five  or  ten  volts  can 
be  operated  only  a  few  feet  from  the  source  of 
power  without  large  line  loss  unless  the  conductors 
be  very  heavy ;  the  Edison  lamp  for  loo  volts  in- 
creased the  practical  distance  to  five  hundred  or  a 
thousand  feet.  This  was  increased  by  the  three- 
wire  system  and  the  feeder-main  system.  But  the 
permissible  cost  of  conductors  was  reached  well 
within  a  mile.  Four-wire  and  five-wire  systems  and 
various  series  systems  which  would  enable  100  volt 
lamps  to  be  served  by  circuits  carrying  300  or  400 
volts  or  more  were  found  to  be  unsafe  or  unsuccess- 
ful. Electrical  distribution  seemed  limited  to  a  mile 
or  less,  except  by  the  series  system.  A  large 
part  of  the  early  edition  of  Kapp's  "Electrical 
Transmission  of  Energy"  is  devoted  to  the  charac- 
teristics of  constant  current  series  motors,  the  only 
method  in  view  by  which  the  high  pressures  neces- 
sary for  long  distances  could  be  secured.  The  cen- 
tral stations  for  incandescent  lighting,  therefore, 
seemed  doomed  to  mere  spot  lighting — the  maps  of 
a  large  city  would  show  spots  a  mile  or  so  in  diam- 
eter each  with  its  own  central  station. 

About  1885  the  attention  of  i\Ir.  George  West- 
inghouse,  was  called  to  the  alternating-current 
transformer  as  an  instrument  by  which  current 
transmitted  at  high  voltage  could  then  be  trans- 
formed to  low  voltage  for  the  operation  of  incan- 
descent lamps.  He  sent  an  investigator  to  England 
and  then  acquired  the  Gaulard  and  Gibbs  patents. 
These  involved  induction  coils  or  "inductoriums," 
which    were    open    magnetic    circuit     transformers. 
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They  were  connected  with  their  primary  windings 
in  series,  while  their  secondary  windings  had  the 
same  number  of  turns  as  the  primary  and  supplied 
independent  circuits.  The  system  employed  con- 
stant current,  and  the  lamps  on  the  secondary  cir- 
cuits were  subject  to  serious  changes  in  voltage 
when  the  number  of  lamps  on  a  transformer  sec- 
ondary circuit  was  varied. 

Mr.  William  Stanley,  who  was  then  engaged 
principally  in  the  development  of  the  incandescent 
lamp  for  Mr.  Westinghouse  in  Pittsburgh,  had  been 
much  interested  in  the  alternating  current.  A  con- 
tract arrangement  was  made  by  which  Mr.  Stanley 
should  undertake  the  development  and  adoption  of 
the  alternating  system  for  commercial  service.  In 
the  fall  of  1885  he  set  to  work  in  an  old  rubber  mill 
at  his  home  in  Great  Harrington,  Mass.,  and  con- 
structed a  number  of  transformers,  each  wound  to 
reduce  the  500  volt  main  line  potential  to  100  volts 
in  their  secondary  circuits.  These  transformers 
differed  from  the  Gaulard  "inductoriums"  in  having 
the  primary  wound  for  a  relatively  high  potential 
and  in  having  the  primary  terminals  connected  in 
parallel  to  a  constant  potential  circuit.  The  coils 
were  made  with  a  closed  magnetic  circuit  and  the 
general  proportions  of  the  transformers  were  re- 
markably similar  to  those  of  the  modern  "shell 
type."  The  idea  of  connecting  a  primary  coil  hav- 
ing a  resistance  of  only  one  ohm  between  the  mains 
of  a  500  volt  circuit  was  so  palpable  a  violation  of 
Ohm's  Law  as  to  shock  the  convictions  and  the  ex- 
perience of  those  who  were  familiar  only  with  di- 
rect-current phenomena.  It  was  a  bold  idea  of  a 
daring  inventor  who  first  did  that  with  which  all 
are  now  so  familiar.  Regardless  of  popular  ideas, 
however,  the  transformers  gave  good  promise  and 
a  Siemens  machine  which  had  been  imported  from 
England  for  tests  at  Pittsburgh  was  employed  as  a 
generator.  The  transformers  were  erected  in  the 
spring  of  1886  and  properly  connected,  and  supplied 
a  number  of  stores  in  Great  Harrington  with  cur- 
rent on  a  commercial  basis.  The  plant  continued 
in  operation  for  several  months  until  a  screw  driver 
was  accidentally  dropped  into  the  dynamo  and 
wrecked  the  coils.  The  success  of  the  initial  plant 
led  to  the  commercial  adoption  of  the  alternating- 
current  system  by  the  Westinghouse  Electric  Com- 
pany. The  misgivings  of  experts,  the  apprehen- 
sions of  the  dangers  of  high  voltage,  the  antagonism 
of  opposing  commercial  interests  did  not  prevail  and 
the  little  "twenty-five  light"  transformers  opened 
the  way  for  a  new  era  in  electric  development. 

After  the  wrecking  of  the  Siemens  machine,  a 
new  alternator,  originating  in  plans  made  by  Mr. 
Stanley,  and  worked  out  in  detail  designs  by  Mr. 
Shallenberger  and  Mr.  Schmid,  was  built  in  Pitts- 
burgh. A  full  equipment  of  commercial  apparatus 
was  quickly  designed  and  manufactured,  and  soon 
alternating-current  central  stations  appeared,  first  at 


Greensburg,  then  at  Buflfalo  and  elsewhere.  Two 
years  after  the  starting  of  the  Great  Harrington 
plant  there  were  about  a  hundred  alternating-cur- 
rent installations. 

THE  ALTERNATING   CURRENT  IN    1888 

Having  been  asked  to  write  the  first  of  a  series  of 

historical  articles  on  "The  Engineering  Evolution 
of  Electrical  Apparatus,"  it  is  but  natural  for  me  to 
go  back  to  my  own  early  experiences  as  a  starting 
point.  I  have  already  given  a  preliminary  survey 
of  the  electrical  situation,  and  I  shall  now  make  a 
sort  of  an  inventory  of  the  kinds  of  apparatus  which 
were  being  made  when  I  took  up  electrical  work 
in  Pittsburgh  about  twenty-five  years  ago,  and  shall 
comment  upon  various  points. 

In  the  early  part  of  August,  1888,  I  went  to 
Pittsburgh  and  happily  found  that  a  personal  appli- 
cation was  more  effective  than  correspondence  in 
securing  a  position  with  the  Westinghouse  Electric 
Company.  I  had  a  slight  acquaintance  with  Mr. 
L.  B.  Stillwell,  then  assistant  electrician,  as  I  had 
met  him  nearly  a  year  before  when  he  came  to 
the  Baldwin  Locomotive  Works  where  an  alter- 
nating-current lighting  plant  was  being  installed 
and  where  I  was  then  employed  as  wireman. 
Mr.  Stillwell  showed  me  about  the  laboratory  in 
Pittsburgh,  pointing  out  particularly  two  new  kinds 
of  apparatus  which  had  recently  been  invented.  One 
of  these  was  the  Shallenberger  meter,  an  induction 
meter  for  registering  the  current  used  by  the  con- 
.sumers  on  alternating-current  circuits.  At  that  time 
the  chemical  meter  was  generally  used  on  direct- 
current  circuits,  and  there  was  no  commercial  alter- 
nating-current house  meter.  The  Shallenberger 
meter  (which  was  already  in  substantially  the  same 
form  which  it  maintained  for  a  dozen  years,  during 
which  time  enormous  numbers  of  meters  were  made) 
was  the  outcome  of  the  observation  of  the  peculiar 
motion  of  a  spring  lying  upon  an  alternating-current 
arc  lamp  about  four  months  earlier.  Mr.  O.  B.  Shal- 
lenberger, who  was  working  with  the  lamp,  investi- 
gated the  motion  of  the  little  spring.  He  substi- 
tuted other  things  in  place  of  the  spring  and  de- 
termined that  the  motion  was  due  to  the  joint  action 
of  the  magnetic  fields  set  up  by  two  circuits,  in  one 
of  which  the  current  lagged  slightly  in  time  behind 
the  current  in  the  other.  Close  observation,  careful 
analysis,  intelligent  experiment,  remarkable  ability 
in  designing  and  proportioning  the  new  apparatus, 
which  was  to  embody  in  commercial  and  useful 
form  the  principle  exhibited  by  the  moving  spring, 
resulted  in  a  few  months  in  a  meter  which  was  the 
forerunner  of  the  many  types  of  induction  meters 
which  are  now  in  general  use. 

The  other  new  invention  was  the  Tesla  motor. 
Nikola  Tesla  had  secured  his  patents  and  had  pre- 
sented a  paper  before  the  American  Institute  of  Elec- 
trical Engineers,  in  the  preceding  May,  describing  the 
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rotating  magnetic  field  ijroduced  by  polyphase  cur- 
rents and  the  means  of  employing  this  in  induction 
motors.  The  patents  had  been  acquired  by  the  West- 
inhouse  Company  and  Mr.  Tesla  was  then  employed 


FIG.    I— I  500   LIGHT   ALTERNATING-CURRENT    UVNAMO    WITH    EXCITER 


in  the  development  of  the  apparatus  into  commercial 
form.  The  previous  year  had  been  fertile  in  the 
study  of  alternating-current  phenomena.  Patent  liti- 
gation has  since  shown  that  the  development  of  mo- 
tion by  currents  diiifering  in  phase  was  shared  by 
Tesla  and  Ferraris  and  Shallenberger  and  Stanley, 
and  the  priority  of  Tesla  to  the  motor  and  Shallen- 
berger to  the  meter  were  matters  involving  differ- 
ences of  onh'  a  few  months,  or  even  less. 

E.\RLV    ALTERNATORS 

In  the  summer  of  1888  the  W'estinghouse  Com- 
pany was  making  three  sizes  of  alternators.  To 
these  a  fourth  and  smaller  size  was  soon  added. 
These  machines  were  belt  driven  and  operated 
nominally  at  i  cxjo  volts  and  16000  alternations  per 
minute,  corresponding  to  133  cycles  per  second. 
Further  particulars  are  as  follows : — 

No.  o —   400  lights,  8  poles.  2000  r.  p.  m. 

No.   I —    700  lights.  ID  poles,   I  600  r.  p.  m. 

No.  2 — I  350  lights,  14  poles,  i  150  r.  p.  m. 

No.  3 — 2500  lights,  16  poles,  1050  r.  p.  m. 

The  machines  were  driven  by  high-speed  belts, 
in  many  cases  from  \\'estinghouse  automatic  engines. 
The  noise  and  whir  of  the  great  belts  in  stations 
where  there  were  a  number  of  generators  inspired  a 
kind  of  awe  in  the  visitor,  which  is  entirely  lacking 
in  the  modern  beltless  power  house.  These  alternat- 
ing-current dynamos  had  cast  iron  field  magnets  and 
rotating  drum  armatures,  as  shown  in  the  accompany- 
ing illustrations.  The  construction  was  simple  in 
general  and  in  detail.  It  was  simple  electrically,  as 
compared  with  the  direct-current  dynamo  with  its  in- 
tricate armature  winding  and  commutator.  An  argu- 
ment then  presented  was  that  brushes  for  collecting 
the  current  for  a  i  500  light  alternating-current 
dvnair.o  have  a  width  of  "s  inch,  whereas,  the  brushes 


for  a  I  500  light  dynamo  of  the  direct-current  type 
would  have  an  aggregate  width  of  20  inches.  This 
ratio  is  fairly  illustrative  of  the  relative  requirements 
of  the  two  systems  in  all  their  transmitting  parts. 
The  direct-current  brushes  of  that  day 
were  of  copper  and  were  vastly  more 
delicate  and  liable  to  injury  by  spark- 
ing and  flashing  than  the  carbon  brushes 
which  are  now  used.  The  alternators 
were  simple  mechanically.  To  appreciate 
this  fact  one  has  to  go  back  to  some 
treatise  on  dynamos  published  twenty 
years  ago  and  observe  the  multitude  of 
forms  of  machines.  Each  system  and 
each  inventor  seemed  to  require  a  pe- 
culiar form.  Now  there  are  few  types, 
many  parts  are  common  to  machines  of 
different  kinds  and  the  name  plate  in- 
stead of  the  form  of  the  machine  must 
be  consulted  to  discover  the  maker.  But 
nowhere  is  found  the  general  simplicity 
and  rigidity  and  the  grace  of  form  of 
this  early  alternator  of  Albert  Schmid.  The  little  ex- 
citer near  the  alternator  in  Fig.  i  looks  peculiar  while 
the  alternator  does  not.  The  first  was  of  an  ephem- 
eral type,  while  the  latter  is  the  prototype  of  many 
machines  of  today.  It  is  a  wise  man  who  can  devise 
the  types  which  will  continue.  The  bearings  were  sup- 
ported directly  by  parts  of  the  great  casting  which 
formed  the  base ;  they  were  large  and  amply  lubricated 
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FIG.   2 — ARM.\TLRE  OF   ALTERNATING-CURRENT   DYNAMO 

"An  alternating-current  armature  is  a  structure  of  great 
directness  and  simplicity.  The  body  of  the  armature  is  of 
laminated  iron  plates  freely  perforated  for  ventilating  pur- 
poses. .\  single  layer  of  wire  is  wound  in  flat  coils  back  and 
forth  across  the  face  of  the  armature  in  a  direction  parallel 
to  the  shaft,  being  retained  by  stops  on  the  ends  of  the 
armature.  Mica  and  other  adequate  insulation  is  provided 
and  the  whole  is  wrapped  with  binding  wire.  A  ventilator  is 
attached  to  each  end  of  the  armature  and  draws  a  strong 
current  of  air  through  it.  The  total  weight  of  copper  on  3. 
7;o-light  armature  is  16  lbs.,  disposed  in  a  single  layer,  which 
being  on  the  surface  is  readily  kept  cool,  and  can  be  in- 
spected for  deterioration  or  flaws  of  any  character.  .A  direct- 
current  armature  of  the  type  most  generally  in  use.  of  750 
lights  capacity  on  the  other  hand,  carries  more  than  10  times 
this  amount  of   wire. 

"We  would  call  particular  attention  to  the  absence  of  a 
commutator,  the  place  of  which  is  supp'lied  by  two  plain  col- 
lecting rings  without  breaks  of  any  kind.  Narrow  collectors 
rest  upon  these  rings  and  serve  to  take  oflt  the  current  as  it 
is  generated.  No  practical  operator  of  an  electric  light  plant 
need  be  told  of  the  annoyance  due  to  the  maintenance  of  a 
commutator,  the  brushes  of  which  require  exact  adjustment, 
any  departure  being  followed  by  destructive  sparking."— 1889. 
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by  the  dripping  of  oil  from  large  brass  reservoirs. 
Excellent  as  this  may  be,  if  testimony  be  needed  as  to 
the  superiority  of  self-oiling  bearings  over  the  kind 
which  needed  fairly  constant  inspection  to  see  that  the 
oil  dripped  properly,  which  had  to  be  filled  frequently 
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:hronolocical  chart  of  some  important  events  in 
electrical  engineering  history 


and  polished   every  night,  the  writer  is  prepared  to 
testify  from  personal  experience. 

What  were  some  of  the  limitations  of  the  alter- 
nator which  produced  the  current  in  hundreds  of 
central  stations  for  many  years?  It  was  heavy  and 
expensive.  Between  the  cylindrical  surface  of  the 
iron  core  of  the  armature  and  the  faces  of  the  field 
poles  must  be  space  for  insulation,  for  conductors, 
for  insulation  again  and  for  band  wires  as  well  as 
free  space  between  the  band  wires  and  the  pole  faces. 
Mechanically  the  space  should  be  large;  magnetically 
it  should  be  small.  If  the  armature  got  slightly  out 
of  center,  it  would  strike  the  field  poles,  the  band 
wires  would  give  way  and  the  "blowing  up"  of  an 
armature  was  an  exciting  event.  The  life  of  the 
armature  depended  upon  the  integrity  of  a  goodly 
fraction  of  a  mile  of  steel  band  wire,  wound  under 
tension  and  subject  to  unknown  stresses.  The  cop- 
per conductors  could  not  be  wound  conveniently  in 
more  than  a  single  layer,  and  the  large  conductors 
necessary  for  heavy  currents  in  large  alternators 
were  heated  by  eddy  currents  generated  in  their  mo- 
tion through  the  magnetic  field  between  the  pole 
faces  and  the  armature  core.  The  band  wires,  being 
grouped  together  into  bands  in  which  the  adjacent 
wires  were  soldered  togther  had  heat  producing 
currents  induced  in  them  in  the  same  manner.  ^lag- 
netic  fields  are  apt  to  cause  trouble  when  outside  of 
their  native  element — iron,  ^\'inding  in  slots  in 
modern  armatures  has  replaced  the  old  surface  wind- 
ing. \\'ires  lying  on  a  smooth  cylindrical  surface  in 
a  magnetic  field  have  a  "side  force"  on  short-circuit 
which  is  hard  to  resist  by  any  practical  form  of 
anchoring.  Hence,  a  short-circuit  used  to  cause  me- 
chanical damage  followed  by  internal  electrical  dis- 


tress and  a  season  in  the  repair  shop.  In  those  days 
the  skilled  armature  winder  was  the  autocrat  of  the 
electrical  industry.  The  slotted  armature  and  the 
machine  wound  coil  marked  his  doom. 

The  armature  which  immediately  succeeded  the 
first  form  was  the  toothed  armature,  which  had  a 
large  tooth  corresponding  to  each  field  pole,  around 
which  the  armature  coils  were  placed.  The  teeth 
had  small  projections  at  the  circumference  which 
served  as  a  mechanical  support  for  the  coils.  An 
armature  of  this  kind  was  made  for  the  field  of  the 
smallest  alternator  and  was  turned  over  to  the  writer 
to  test.  The  air-gap  was  very  small  and  the  wire 
was  large  compared  with  that  for  the  old  drum  arm- 
ature ;  hence,  a  large  output  was  anticipated.  After 
obtaining  the  proper  voltage  and  applying  the  load. 
the  field  current  was  increased  as  more  and  more  lamps 
were  added  until  presently  there  were  a  thousand  lamps 
on  what  had  been  a  400  light  machine.  It  was 
noted  that  the  field  current  with  the  large  load 
was  three  times  what  it  had  been  with  no  load.  The 
question  came  as  to  what  would  happen  if  all  but  a 
few  lights  were  suddenly  removed;  would  the  voltage 
go  to  three  times  normal?  This  brought  an  appre- 
ciation for  the  first  time  of  the  significance  of  in- 
herent regulation.  Subsequently,  the  air-gap  was 
made  much  larger  and  the  regulation  was  very  much 
improved.     After   a   time   the   slotted   armature  con- 


FIG.    4 — THE    CONVERTER    OR    TRANSFORMER 

"It  is  a  device  of  the  simplest  possible  construction,  liav- 
ing  no  moving  parts  whatever,  its  functions  being  purely 
electrical.  It  consists  essentially  of  two  coils,  one  of  a  great 
length  of  fine  wire,  called  the  'primary  coil'  and  receiving  the 
current  from  the  dynamo :  the  other  of  a  short  length  of 
large  wire,  in  which  is  induced  the  secondary  current  for 
lamp  service." 

struction,  first  finding  favor  in   railway  inotors,  was 
incorporated  into  generators  and  motors  of  all  kinds. 

TRAXSFORMERS 

The     transformers      (then     called     converters) 
which  were  made  by  the  Westinghouse  Company  in 
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1888  were  of  five  sizes,  viz.,  of  5,  10,  20,  30  and  40 
lamps  the  largest  size  being  two  kilowatts  though  the 
term  kilowatts  was  not  applied  to  them  for  several 
years.  The  transformers  were  wound  for  a  pri- 
mary e.m.f.  of  I  000  volts  and  50  volts  secondary  in 
most  cases  while  a  few  were  wound  for  100  volts, 
usually  with  a  tap  at  the  middle  point.  The  coils 
were  separately  wound  and  taped;  they  were  ap- 
proximately square  in  cross-section,  so  that  the  open- 
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P.'\R.\LLEL  COILS  CONCENTRIC  COILS 

FIG.    5 — FORMS   OF  COILS   IN   EARLY   TR.\NSFORMERS 

In  parallel  form  the  magnetic  leakage  between  coils  is 
considerable  as  there  is  a  short  wide  path  compared  with  that 
in  the  later  concentric  form,  which  therefore  had  much  im- 
proved regulation. 

ing  in  the  iron  was  approximately  a  double  square. 
The  accompanying  illustration  shows  such  a  trans- 
former built  up.  Bare  lead  fuses,  either  wire  or 
links,  were  placed  between  brass  terminals  on  fibre 
bases  in  iron  boxes  on  the  case.  Materials  and  con- 
struction of  this  sort  would  be  wholly  inadmissable 
today,  though  they  were  fairly  satisfactory  with  the 
lesser  currents,  the  lower  e.m.f. s  and  the  smaller 
generators  which  were  then  employed. 

One  of  the  difficulties  with  these  transformers 
was  the  large  drop  in  secondary  voltage  between  no 
load  and  full  load.  This  drop  was  partly  caused  by 
the  resistance  of  the  windings  and  partly  by  some- 
thing else  which  was  termed  "drop  due  to  iron." 
The  latter  was  hard  to  measure  accurately,  as  it 
seemed  to  vary  from  time  to  time.  This  factor  was 
of  serious  importance  when  incandescent  lamps  con- 
stituted the  only  load,  and  it  rose  to  very  disagree- 
able proportions  when  there  was  a  lagging  current 
or,  in  modern  terms,  when  the  power-factor  was  low. 
The  fact  that  the  square  coils  were  placed  side  by 
side  in  parallel  form  permitted  a  considerable  mag- 
netic leakage  between  the  coils,  the  effect  of  which 
was  very  pronounced  with  the  frequency  of  133 
cycles.  The  first  modification  in  the  transformer  was 
to  change  the  form  of  the  coils,  making  them  con- 
centric by  winding  each  coil  with  approximately 
twice  the  number  of  turns  per  layer  and  half  the 
number  of  layers.  This  changed  the  path  for  the 
magnetic  leakage,  making  it  about  twice  as  long  and 
of  one-half  the  cross-section  that  it  was  in  the  former 
arrangement,  thereby  improving  the  regulation. 

The  testing  of  transformers  consisted  of  an  in- 
sulation or  a  ground  test  and  a  running  test.  If  the 
insulation  was  sufficient  to  prevent  enough  current 
from  flowing  through  the  primary  of  another  trans- 
former to  light  a  lamp  on  its  secondary,  it  was  con- 


sidered adequate.  In  other  words,  the  insulation  test 
was  really  made  at  an  e.m.f.  of  i  000  volts  or  less. 
The  running  test  was  made  by  coupling  transformers 
in  parallel  to  a  large  bank  of  lamps  and  running  them 
for  several  hours. 

AUXILIARY   APPARATUS 

While  the  generator  and  the  transformer  were 
the  essential  apparatus  in  the  alternating  system,  vari- 
ous auxiliaries  were  necessary  to  make  the  system 
operative,  such  as  switches,  fuses,  measuring  instru- 
ments and  the  like.  Past  experience  was  limited  to 
low  voltage,  direct-current  service  and  to  arc  light 
circuits.  Auxiliaries  for  alternating  current  and  for 
I  000  volt  use  had  to  be  devised  quickly.  In  the  light 
of  present  knowledge  they  were  simple  and  almost 
rudimentary.  On  the  other  hand,  when  one  considers 
the  limited  experience  there  was  to  guide  and  the 
necessity  for  producing  these  instruments  quickly, 
one  cannot  but  admire  the  results.  To  Mr.  Shallen- 
berger  and  to  Mr.  Philip  Lange,  who  was  in  charge 
of  the  construction  of  detail  apparatus,  belongs  this 
credit  in  large  measure.  A  number  of  points  relating 
to  this  detail  apparatus  are  of  interest. 

The  rheostats  had  wooden  face  plates  back  of 
which  were  mounted  wooden  frames  holding  spirals 
of  German  silver  wire. 

The  switches  for  the  switchboards  employed 
wooden  bases  and  the  contacts  were  open  and  ex- 
posed. Double-pole,  double-throw  switches  were 
ordinarily  employed  for  connecting  a  dynamo  or  an 
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FIG.    6 — FIRST    SHALLENBERGER    ALTERNATING-CURRENT    METER 

"The  current  passes  through  the  main  coils,  creating  a 
field  through  the  coils  at  right  angles  to  the  back  of  the 
meter.  Within  the  main  coils  is  a  secondary  made  of  copper 
punchings  which  is  placed  at  an  angle  of  about  45  degrees 
with  the  main  coils,  thereby  creating  a  magnetic  field  dis- 
placed by  45  degrees  from  that  of  the  main  coils.  The  sec- 
ondary current  and  its  magnetic  field  lag  behind  those  of  the 
main  coils.  In  the  space  occupied  by  both  fields  is  a  thin 
aluminum  disc  supporting  a  small  iron  ring.  This  ring  and 
disc  revolve.  The  motion  is  retarded  by  fan  blades  at  the 
bottom  of  the  meter.  The  torque  is  proportional  to  the 
square  of  the  current  and  the  speed  is  proportional  to  the 
current,  and  the  number  of  revolutions  is  registered  on  the 
dials." 

outgoing  feeder  to  either  of  two  sets  of  bus-bars. 
The  transfer  was  made  by  throwing  the  switch 
quickly,  resulting  in  only  a  momentary  interruption 
of  the  circuit. 
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The  bus-bars  for  i  ooo  volts  were  usually  bare 
copper  rods  held  by  wooden  supports  on  the  front  of 
the  board.  On  one  occasion  a  young  electrician 
whose  experience  had  been  with  batteries,  joined  the 
bars  by  a  wire  to  see  if  he  could  get  a  spark.  He 
did,  but  fortunately  was  not  seriously  burned.     The 


FIG.    7 — STATION   VOLTMETER   AND   AMMETER 

"A  solenoid  pulls  a  soft  iron  wire  plunger  which  is  at- 
tached to  one  end  of  a  lever  which  carries  a  weight  at  its 
other  end.  The  e.m.f.  necessary  for  causing  the  voltmeter 
pointer  to  come  to  the  arrow  is  determined  by  the  setting  on 
the  fixed  resistance  in  the  right  hand  side  of  the  case." 

safety  catch  or  fuse  was  a  wooden  block  about 
four  inches  square  on  which  were  mounted  two  lead 
fuses,  one  or  both  of  which  could  be  used,  depending 
on  the  arrangement  of  the  plugs  which  completed  the 
circuit.  The  switchboard  transformers  were  placed 
in  wooden  boxes  and  were  mounted  at  the  top  of  the 


FIG.   8 — VOLTMETER  COMPENSATOR 

"The  number  of  turns  through  which  the  primary  current 
passes  is  determined  by  the  position  of  the  plug  near  the  top. 
The  number  of  turns  in  the  secondary  winding  which  is  in 
series  with  the  voltmeter  is  adjusted  by  the  switch  near  the 
bottom.  In  this  manner  the  instrument  can  be  adjusted  to 
reduce  the  voltmeter  reading  by  the  same  percentage  as  the 
line  drop  reduces  the  pressure  at  the  lamps." 

board.  The  board  on  which  the  apparatus  was 
mounted  was  either  of  matched  flooring  or  was  an 
open  wood  framework. 

The  early  voltmeter  had  a  lever  on  one  end  of 
which  was  a  weight  (adjustable  by  the  number  of 
shot  in  a  brass  cylinder),  and  on  the  other  an  iron 
wire  plunger  which  extended  into  a  solenoid.    Incan- 


descent lamps  were  used  as  a  rcM^taiice  in  series 
with  the  solenoid.  When  the  applied  e.m.f.  was  at 
normal  value,  the  pull  by  the  solenoid  was  just  suf- 
ficient to  cause  the  pointer  attached  to  the  lever  to 
point  vertically.  There  was  no  graduation  on  the 
scale.  This  voltmeter  was  soon  superseded  by  another 
in  which  German  silver  resistance  replaced  the  lamps. 
The  ammeter  needle  traversed  a  circular  dial 
under  the  action  of  a  plunger  in  a  solenoid  which  car- 
ried the  main  current.  In  a  later  form  the  mechan- 
ism was  simpler,  the  deflection  being  indicated  on  a 
scale  near  the  bottom  of  the  instrument. 


FIG.   9 — STREET  LAMP   COIL,    l888 

"These  coils  are  so  wound  that  twenty  of  them  are  placed 
in  series  when  i  ooo  volts  are  used.  .A.  50  volt  incandescent 
lamp  is  connected  in  shunt  across  each  coil.  When  the  lamp 
is  burning  the  coil  is  'not  in  action' :  when  it  is  broken  the 
total  current  passes  through  the  coil,  which  practically  re- 
places the  lamp.  The  brilliancy  of  the  remaining  lamps  is 
not  appreciably  affected  until  five  or  si.x  lamps  are  broken 
and  then  it  is  dimmed.  This  result  is  accomplished  without 
any  of  the  magnets  or  fusible  connections  or  any  of  the 
moving  parts  or  contacts  which  are  annoying  and  crude  ac- 
companiments of  manj'  so-called  series  systems." 

On  the  feeders  were  voltmeter  compensators. 
These  were  series  transformers,  the  priman,'  circuit 
being  in  series  with  the  feeder,  and  the  secondary  in 
series  with  the  voltmeter.  Outgoing  current  caused 
the  voltmeter  to  read  low,  and  it  was  necessarv  to 


FIG.    10 — LU'.HTNI.V(-,    ARRESTER.    1888 

This  arrester  was  installed  on  i  ooo  volt  circuits.  The 
middle  section  was  grounded  and  the  other  two  were  con- 
nected to  the  dynamo  tenninals.  It  worked  well  if  there  was 
no  lightning ;  but  a  spark  was  apt  to  be  followed  by  dynamo 
current  which  volatilized  the  spark  points  and  short-circuited 
the  dynamo. 

raise  the  bus-bar  e.m.f.  in  order  that  the  voltmeter 
might  give  normal  indication.  The  compensator 
caused  a  drop  in  the  voltmeter  circuit  proportional  to 
that  in  the  feeder,  so  that  when  the  voltmeter  reading 
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was  normal  the  e.m.f.  at  the  end  of  the  feeder  was 
normal  also.  When  several  feeders  ran  from  the 
same  bus-bars  it  was  impossible  to  get  the  proper 
voltage  for  each  one  when  the  line  losses  were  differ- 
ent, but  a  mean  value  could  be  selected.     Recogniz- 


telegraph  circuits,  but  was  utterly  inadequate  when 
current  from  a  d\namo  was  ready  to  follow  a  spark. 
The  researches  and  notable  inventions  of  Wurts  were 
the  early  chapters  in  the  story  of  modern  lightning 
protection.     He  began  his  work  on  the  improvement 


ing  this  limitation,  Mr.  Stillwell  devised,  in  the   fall     of  fuses  and  lightning  arresters  about  1888. 
of  1888,  the  regulator  which  bore  his  name.    A  trans-  The  change  which  has  come  about  in  measuring 

former  had  its  primary  coil  connected  between  the  instruments  is  best  indicated  by  a  question  which 
two  wires  of  the  outgoing  circuit  and  its  secondary  was  recently  asked  by  a  young  man  who  had  spent 
coil  in  series  with  the  circuit,  thereby  increasing  (or  a  year  or  more  in  a  large  commercial  testing  room, 
decreasing)   the  e.m.f.  delivered  to  the  circuit  by  the     He  saw  a  .Siemens  electro-dynamometer  in  a  college 

laboratory  and  inquired  whether  they 
were  put  to  any  practical  use.  He  was 
told  that  in  early  testing  room  and  la- 
boratory work  the  dynamometer  was 
the  only  instrument  for  measuring  cur- 
rent with  the  exception  of  station  in- 
.struments  and  a  few  small  imported 
direct-current  ammeters  of  doubtful 
quality.  Even  after  the  Weston  di- 
rect-current ammeters  came  into  gen- 
eral use  in  the  early  nineties,  it  was 
some  time  before  there  was  a  substi- 
tute for  the  dynamometer  for  the  meas- 
urement of  alternating  current.  Dur- 
ing this  early  period  practically  the 
only  voltmeter  was  the  Cardew  volt- 
meter, a  hot  wire  instrument  in  which 
the  fine  wire  was  protected  by  a  brass 
tube  three  or  four  feet  long,  the  ex- 
pansion of  the  wire  being  indicated  by 
a  pointer  on  a  circular  dial.  This  volt- 
meter was  made  for  60  volts  and  120 
\olts,  the  former  requiring  about  one- 
third  of  an  ampere  and  the  latter  a 
somewhat  less  current  at  full  deflec- 
tion. For  alternating-current  power 
meastu"ements,  a  dynamometer  was 
used  in  which  the  series. current  passed 
through  one  coil  and  the  shunt  current 
passed  through  the  other  coil  and  a 
suitable  non-inductive  resistance. 
These  were  the  best  measuring  appli- 
ances available.  Sometimes  the  bril- 
liancy of  an  incandescent  lamp  was 
used  for  indicating  voltage,  and  Mr. 
Tel.sa  insisted  that  he  could  determine 
the  number  of  amperes  taken  by  a  fan 
motor  by  breaking  the  circuit  and  not- 
insj  the  size  of  the  arc. 


VIC.    II —  TVriCA^   SWITCHIiO.VRD  OF    1888 

"This  .svvitcliboard  accommodates  two  exciters,  two  I  ooo  volt  alternators 
and  four  feeders.  The  exciter  control  circuits  are  at  the  bottom  of  the 
board.  The  alternators  are  connected  to  the  middle  point  of  the  middle 
switches  of  tlie  right  hand  and  left  hand  side  of  the  board,  and  may  be 
connected  to  the  upper  or  the  lower  pairs  of  bus-bars.  The  right  hand  and 
left  hand  sections  of  each  pair  of  bus-bars  may  be  separate  or  connected  in 
parallel  by  multiple  arcing  switches.  The  generator  circuit  is  provided  with 
a  transfoi-mer,  supplying  a  pilot  lamp,  and  an  ammeter  with  short  circuiting 
plugs  and  fuse.  Each  feeder  may  be  connected  to  the  upper  or  lower  bus- 
bars by  a  double  throw  switch  and  is  provided  with  fuses,  a  voltmeter,  a 
compensator  and  a  transformer.  Wood  is  the  only  insulating  material  used, 
except  in  the  internal  parts  of  transformers  and  instruments." 


amount  of  the  secondary  e.m.f.  The  latter  was  ad- 
justable by  a  change  in  the  number  of  turns;  hence 
the  e.m.f.  on  an  individual  feeder  could  be  adjusted 
to  such  a  value  that  when  reduced  by  the  line  drop 
the  desired  e.m.f.  would  be  delivered  to  the  load. 

The  early  lightning  arrester  was  a  number  of 
spark  gaps  in  parallel  between  brass  plates  on  a  rub- 
ber base.    This  form  was  useful  for  the  protection  of 


TESL.\  MOTORS 

The  first  Tesla  motors  were  made  with  definite 
iron  field  poles,  similar  in  general  form  to  a  multipolar 
direct-current  machine  of  the  present  day.  The  mag- 
netic circuits  were  laminated ;  coils  were  placed 
around  the  individual  poles.  In  a  two-phase  motor, 
alternate  poles  were  connected  as  one  circuit  and  the 
remaining  poles  as  the  second  circuit.     In  each  circuit 
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the  coils  were  first  positive  and  then  negative.  When 
current  was  passed  through  one  circuit  alone,  alter- 
nate coils  were  energized,  producing  positive  and 
negative  poles.  \Vhen  the  current  through  the  first 
circuit  decreased  and  that  in  the  second  increased,  there 
was  produced  a  succession  of  positive  and  negative 
poles,  shifting  from  the  angular  position  of  the  first 
circuit  to  that  of  the  second.  This  shifting  magnetic 
field  acted  upon  an  internal  secondary  member  or 
armature.  In  the  early  motors  this  consisted  of  a 
smooth  cvlindrical  core  with  wires  wound  in  coils  on 


FIG.     12 — SAFETY    C.\TCH     HOLDtR    OF    SWITCHBOARD    FUSE    BLOCK 

"This  is  used  on  i  coo  volt  circuits.  If  the  upper  phig  be 
removed,  the  right  hand  fuse  alone  is  in  circuit.  If  this  fuse 
mehs  due  to  excessive  current,  a  phis  may  be  inserted  in  the 
upper  position,  thereby  immediately  placing  the  left  hand  fuse 
in  service."  In  case  of  short-circuit,  however,  the  whole  block 
was  apt  to  be  enveloped  in  an  arc  which  destroyed  the  metal 
terminals,  as  well  as  the  wood  base. 

the  surface,  these  coils  being  short-circuited.  There 
were  usually  as  many  windings  as  there  were  total 
''field  poles  in  the  two  primary  circuits.  Motors  of 
this  type  would  usually  start  fairly  well  and  were  able 
to  carry  a  fair  load.  They  took,  however,  a  large 
magnetizing  current  due  to  the  limited  pole  surface 
and  to  the  relatively  large  air-gap  between  the  iron  of 
the  stationary  poles  and  the  iron  surface  of  the  rotat- 
ing core. 

Furthermore,  as  the  magnetic  fields  from  the  two 
priiTiary  circuits  enter  the  secondary  at  definite  inde- 
pendent positions,  a  coil  on  the  rotating  member  in  cer- 
tain positions  would  confront  one  field  pole  only  and 
in  other  positions  might  confront  one  field  pole  of 
each  circuit  and  receive  induction  from  both.  Hence 
there  was  lack  of  uniformity  of  action  and  dead 
points  sometimes  resulted.  Furthermore,  if  the  ro- 
tating member  were  made  with  definite  poles,  so  that 
the  air-gap  might  be  reduced,  the  excellence  of  the 
magnetic  circuit  varied  for  different  angular  positions 
of  the  secondary.  These  difficulties  were  in  large 
measure  overcome  by  making  the  secondary  core  with 
a  large  number  of  small  slots  and  small  teeth.  In  the 
slots  were  placed  the  coils  with  windings  so  distrib- 
uted that  the  resultant  action  in  the  secondary  was 
practically  the  same,  whatever  the  angular  position  of 
the  secondary.  Later  on  the  primary  was  also  pro- 
vided with  a  large  number  of  small  slots  in  which  the 
windings  were  so  distributed  that  several  primary  cir- 
cuits produced  a  practically  uniform  rotating  magnetic 
field.  In  such  a  field  the  secondary  winding  does 
not  need  to  be  specially  distributed  and  the  squirrel 
cage  type  can  be  employed  in  which  each  conductor 
is  connected  to  a  ring  at  each  end  of  the  secondary. 

The  method  of  winding  in  small  slots,  instead  of 


placing  the  windings  on  the  surface  of  an  armature 
or  around  large  poles  made  a  radical  change  in  the 
design  of  alternators,  induction  motors  and  direct- 
current  generators.  The  first  important  machine  of 
this  type  which  was  made  in  Pittsburgh  was  the  Xo.  3 
railway  motor  which  combined  a  large  number  of 
characteristic  features,  making  it  the  prototype  of  the 
modern  railway  motor.  This  new  type  of  winding  ap- 
parently sacrificed  some  of  the  best  features  of  the 
induction  motor.  The  simplicity  of  the  early  machine 
was  unique.  The  primary  windings  were  in  a  few 
coils  as  simple  as  ordinary  field  coils,  readily  wound, 
easily  put  in  place  and  replaced.  To  separate  this 
w-inding  into  many  small  coils  to  be  placed  in  small 
slots  was  unfortunate  from  the  standpoint  of  sim- 
plicity and  insulation. 

The  early  endeavor  was  to  adapt  the  induction 
•motor  to  133  cycles  and  by  "split  phase"  or  other  me- 
thods to  operate  it  on  the  existing  single-phase  cir- 
cuits. It  is  no  wonder  that  little  headway  was  made 
in  solving  a  problem  which  scarcely  any  one  would 
attempt  today.  The  motor  could  not  be  adapted  to 
the  frequency,  and  so  the  frequency  was  adapted  to 
the  motor. 

FREQUENCY 

The  frequency  of  the  early  apparatus  was  133 
cycles,  or  16000  alternations  per  minute  as  it  was 
then  ordinarily  designated.    About  the  time  the  writer 


FIG.    13 — " .\   MuOtL  <.t.MKAL   siWIiu.S 

The  station  at  East  Liberty  typifies  the  early  alternating 
station.  .\  turbo-generator  having  ten  times  the  output  of 
the  whole  station  would  not  take  the  floor  space  occupied  by 
one  of  the  six  belted  units. 

went  to  Pittsburgh,  tests  were  being  carried  on  to  de- 
termine the  performance  of  transformers  at  lower 
frequencies.  As  adequate  measuring  instruments  were 
not  available,  the  method  of  test  was  to  use  a  large 
ice  calorimeter.  The  transformer  w^as  placed  in  the 
calorimeter  for  a  number  of  hours  and  the  weight  of 
the  melted  ice  was  taken  to  indicate  the  loss  in  the 
transformer.  Two  of  the  important  reasons  making 
a  lower  frequency  desirable  were  the  generator  and 
the  Tesla  motor.    It  was  seen  that  in  order  to  avoid 
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belts,  it  would  be  necessary  to  run  alternators  at  a  low 
speed  for  direct  connection  to  engines.  This  made 
desirable  a  less  number  of  poles  than  would  be  neces- 
sary for  the  high  frequency,  for  instance,  at  lOO  r.p.m. 
i6o  poles  would  be  necessary.  Furthermore,  the  in- 
duction motor  operated  much  more  satisfactorily  at  a 
low  frequency. 

In  the  fall  of  1890  Mr.  Stillwell  returned  from  a 
visit  to  Europe.  He  had  seen  alternators  direct  con- 
nected to  slow-speed  engines.  After  carefully  study- 
ing the  American  situation  he  prepared  a  report  on 
which  the  subsequent  engineering  policy  of  the  com- 
pany was  based,  in  which  a  frequency  of  60  cycles 
was  proposed  as  a  general  standard  for  lighting  ser- 
vice and  30  cycles  for  power  service.  The  higher  fre- 
quency met  the  requirements  of  engine  speed ;  it  per- 
mitted transformers  to  be  made  at  reasonable  cost 
(the  cost  increased  as  the  frequency  was  lowered) 
and  it  was  high  enough  to  permit  the  operation  of  arc 
lamps  without  flicker,  with  American  carbons.  Abroad 
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FIG.    14 — ^PRICE  LIST,    1889 
This    list,    torn    from    an    ordinary    note-book,    included 
prices,  not  only  on  all  types  of  apparatus  manufactured  by 
the  company,  but  on  all  the  ratings  of  cadi  type. 

soft  carbons  permitted  a  slightly  lower  frequency. 
The  lower  frequency  of  30  cycles  seem  a  desirable  one 
.from  the  standpoint  of  the  induction  motor  and  power 
work  generally.  In  1892  an  exhibition  of  alternating 
apparatus  was  made  at  Pittsburgh  which  was  viewed 
by  Prof.  George  Forbes  of  England,  Prof.  Henry  A. 
Rowland  and  Dr.  Coleman  Sellers  members  of  the 
commission  for  determining  the  systetn  to  be  adopted 
by  the  Niagara  Falls  Power  Company.  They  were 
shown  rotary  converters  operating  at  30  cycles.  The 
matter  of  frequency  was  discussed.  The  effect  on  in- 
candescent lamps  was  determined  to  be  unobservable 
at  30  cycles,  very  pronounced  at  20  cycles  and  some- 
what in  question  at  25.  Prof.  Rowland  remarked  that 
the  way  to  make  a  test  was  to  have  some  old  woman 
read  by  the  light  and  note  whether  or  not  her  eyes  be- 
came tired.  This  seemed  a  remarkable  statement  from 
the  leading  physicist  of  America  with  regard  to  what 
seemed  to  be  a  physical  phenomenon,  but  after  all  it  is 
hot  physical  condition  but  physiological  effect  that  is 
of    importance.     The   commission   of   American    and 


foreign  engineers  which  determined  the  system  to  be 
used  at  Niagara  was  at  first  in  favor  of  direct  current 
by  a  considerable  majority.  The  final  decision  in  favor 
of  alternating  current  was  not  made  until  the  sum- 
mer of  1893  when  polyphase  alternating  current  was 
choosen  and  a  little  later  25  cycle  alternators  of 
5  000  horse-power,  delivering  two  phase  current  were 
purchased  from  the  Westinghouse  Company.  The  de- 
sign of  the  alternators  favored  either  a  12  pole  or  a  16 
pole  alternator.  The  water  turbines  had  been  pur- 
chased ;  they  ran  at  250  r.p.m.  Hence  the  choice  lay 
between  25  and  33  1/3  cycles  and  it  was  impossible  to 
secure  30  cycles.  The  12  pole  machine  giving  25  cycles 
was  chosen.  This  was  a  notable  event.  The  adoption 
of  polyphase  alternating  current  and  the  use  of  25 
cycles  by  the  largest  power  undertaking  of  the  time  set 
a  precedent  which  is  now  almost  universally  followed. 
Frequencies  of  40  and  50  and  66  cycles  have  been  ad- 
vocated and  used,  but  (with  few  exceptions)  are  now 
obsolete. 

THE    IMPORTANCE    OF    TRANSFORMER    AND     POLYPHASE 
SYSTEM 

In  the  early  days,  say  from  1880  to  1895,  there 
were  many  systems  and  many  types  of  apparatus. 
This  is  well  illustrated  by  one  station  which  had  ma- 
chines for  arc  lighting  at  6.6  amperes,  for  arc  light- 
ing at  10  amperes,  for  incandscent  lighting  by  the 
three-wire  system,  for  power  by  500  volts  direct  cur- 
rent, and  for  incandescent  lighting  by  alternating 
current.  Each  kind  of  service  required  its  own  in- 
dividual circuits  and  the  arc  lighting  required  indi- 
vidual circuits  from  each  machine.  Subsequently 
current  for  all  kinds  of  service  was  derived  from  al- 
ternators far  greater  in  capacity  than  a  score  of  the 
former  machines. 

If  we  were  to  trace  the  electric  development  of 
the  past  twenty-five  years,  we  should  find  the  trans- 
former as  the  simple  factor  which  has  determined  the 
whole  course  of  that  development.  With  few  ex- 
ceptions in  which  direct  current  from  relatively 
small  plants  is  used  locally,  practically  all  of  the  elec- 
tric energy  now  used  for  lighting  and  for  power  pur- 
poses passes  through  one  or  more  transformers. 

A  second  factor  in  shaping  the  course  of  elec- 
trical development  was  the  Tesla  motor  and  the  poly- 
phase system.  To  accommodate  the  motor  with  a 
proper  supply  of  current,  single-phase  generators 
gave  way  to  polyphase  alternators,  and  high  frequency 
was  followed  by  low.  The  Tesla  invention  proved 
to  be  not  merely  a  motor,  as  was  first  assumed,  but  a 
system.  Polyphase  apparatus  is  now  practically  uni- 
versal. All  of  the  long  distance  systems  of  power 
transmission  and  practically  all  of  the  great  central 
stations  for  street  railway  and  lighting  and  power 
service  produce  polyphase  alternating  current,  even 
when  the  consumption  circuits  require  direct  current. 
When  the  polyphase  system  was  first  introduced,  the 
parallel  operation  of  alternators  w^as  unusual,  but  it 
is  now  universal. 
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Without  the  transformer  and  the  polyphase  sys- 
tem there  is  no  means  at  present  known  by  which  the 
extension  of  the  use  of  electricity  could  have  made 
one-tenth  of  the  progress  that  it  has  made.  It  is  easy 
to  recognize  this  now,  but  it  was  not  so  easy  to  fore- 
see. In  fact,  there  was  criticism  and  condemnation 
of  the  alternating  current  by  experts,  and  there  was 
antagonism  and  opposition  by  commercial  interests. 
The  foresight,  the  courage  and  the  wonderful  con- 
structive ability,  persistence  and  power  of  Mr.  West- 
inghouse  made  him  the  great  human  factor  in  the 
recognition,  introduction  and  development  of  the  alter- 
nating system,  and,  therefore,  in  the  electrical  devel- 
opment of  the  past  twenty-five  years. 


Those  only  who  were  associated  with  the  com- 
pany before  the  writer  went  to  Pittsburgh  have  been 
mentioned.  Among  the  first  of  those  who  followed 
and  who  have  had  a  great  deal  to  do  with  the  subse- 


quent development  of  apparatus,  including  some  of  the 
types  to  which  reference  has  already  been  made,  were 
Messrs,  Lamme  and  Storer  and  Skinner  and  Davis. 
It  is  anticipated  that  further  articles  by  various  men 
will  trace  the  engineering  steps  which  have  led  up  to 
the  efficient  apparatus  of  to-day.  Present  practice  is 
the  outcome  of  the  efforts  of  many  workers  in  many 
places.  The  particular  thing  which  may  bear  the  im- 
press of  a  particular  inventor  or  may  be  put  forward 
with  energ)'  by  one  company  or  another  may  flourish 
for  a  time,  but  merit  determines  its  final  disposition. 
Among  the  types  of  apparatus  which  are  now  in  com- 
mon use  and  in  many  cases  are  manufactured  by  sev- 
eral companies  it  will  be  interesting  to  note  that  a 
considerable  number  had  their  origin  Pittsburgh.  In 
many  cases  the  idea  originated  with  a  Pittsburgh  in- 
ventor. In  other  cases  an  acute  engineering  instinct 
has  selected,  combined  and  put  into  operating  form 
apparatus  or  methods  which  were  previously  unde- 
veloped or  experimental. 


Some  Applications  of  Electric  Arc  Welding 


E.  S.  ZucK 


ALTHOUGH  the  several  processes  of  welding 
iron  and  steel  by  means  of  the  electric  arc 
have  been  known  for  years,  their  application 
to  useful  service  in  the  various  industries  has  been 
comparatively  slow.  This  has  probably  been  due  to 
the  fact  that  a  thorough  knowledge  of  the  art  has 
been  in  the  hands  of  comparatively  few  men.  There 
has  also  existed  an  impression  that  electric  arc  weld- 
ing is  expected  to  replace  largely  blacksmith  weld- 
ing. The  electric  process,  on  the  contrary,  has  a  dis- 
tinct field  of  its  own.  As  will  be  pointed  out  later, 
it  is  possible  to  do  things  with  electric  arc  welding 
which  the  modern  blacksmith  could  not  accomplish 
by  any  means.  In  the  few  cases  where  the  methods 
do  overlap,  it  is  largely  on  account  of  cheapness  that 
the  electric  process  excels. 

There  are  two  methods  of  electric  arc  welding 
now  used  to  the  practical  exclusion  of  all  others. 
These  are  briefly,  the  carbon  electrode  arc,  known 
to  many  as  the  Benardos  process,  and  the  metallic 
electrode  arc,  known  as  the  Slavianoflf  process.  In 
the  carbon  process,  as  the  narrte  implies,  a  carbon 
electrode  is  used  as  one  terminal  of  the  electric  cir- 
cuit, while  the  article  to  be  welded  is  made  the  op- 
posite terminal,  and  the  arc  by  which  welding  is  ac- 
complished is  drawn  between  these  two  electrodes. 
For  heavy  cutting,  for  the  repair  of  defective  castings, 
and  for  general  welding  work  this  process  is  used. 
For  lighter  service,  general  repair  work,  etc.,  the 
metallic  electrode  process  is  used,  differing  only  in  that 
a  metal  electrode,  usually  an  iron  rod  of  small  diam- 
eter, is  used  instead  of  the  carbon. 


The  characteristics  of  the  arcs  in  these  two  pro- 
cesses are  somewhat  different.  The  carbon  arc  for 
average  work  usually  requires  from  350  to  400  am- 
peres, with  a  voltage  drop  across  the  arc  of  from 
40  to  50  volts.  The  arc  is  also  from  three  to  four 
inches  long.  The  arc  of  the  metal  electrode,  on  the 
contrary,  is  quite  short;  seldom  being  over  3/16 
inch  long,  and  usually  less.  The  current  required 
is  approximately  150  amperes  with  a  voltage  across 
the  arc  of  from  25  to  30  volts.  Resistance  is  used  in 
series  with  the  arc  in  each  type  to  steady  the  arc. 
It  should  be  mentioned  here  that,  although  prac- 
tically all  metal  electrode  welding  is  done  with  cur- 
rent and  voltage  as  mentioned  above,  carbon  weld- 
ing sometimes  requires  very  heavy  currents.  In  fact 
there  are  cases  on  record  where,  for  some  particular 
job,  currents  as  high  as  i  500  amperes  have  been 
used.  This  is,  of  course,  exceptional  and  has  na 
bearing  on  average  practice. 

Although  current  for  welding  can  be  taken  from 
any  direct-current  system,  providing  sufficient  re- 
sistance be  used  to  reduce  the  voltage  to  that  re- 
quired at  the  arc,  it  is  economy  to  use  a  low  voltage 
generator  driven  either  by  a  belted  motor  or  direct- 
connected  as  a  motor-generator  set.  This  arrange- 
ment is  necessarj-  where  only  alternating  current  is 
available.  Generators  delivering  75  v-olts  have  been 
found  to  be  quite  satisfactory.  The  generator  should 
be  compound  wound  so  that  several  arcs  may  be 
operated  from  it  simultaneously,  especially  if  metallic 
electrode  arcs  are  used,  as  they  are  very  sensitive  to 
sudden  changes  in  voltage.    If  only  one  arc  is  to  be 
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operated,  the  generator  should  preferably  be  shunt 
wound,  this  type  having  a  drooping  voltage  char- 
acteristic, which  serves  to  protect  the  apparatus 
in  case  of  short-circuit. 

The  application  of  the  electric  process  of  weld- 
ing has  been  growing  within  recent  years  and  it  is 
rapidly  becoming  useful  in  many  industries.*    Steam 


FIG.  I — FILLING  UP  BLOW-HOLES  IN  A  P.\RTI.^LLY  MACHINED 
CASTING.  WITHOUT  RF,MOVI.\G  THE  WORK  FROM  THE 
MACHINE 


railroads  have  been  trying  out  the  electric  process 
for  various  kinds  of  work  in  their  shops  and  have 
recently  expressed  themselves  in  favor  of  the  elec- 
tric process  for  several  applications  formerly  sup- 
posed to  be  in  the  field  of  gas  welding.  After  a 
year's  investigation,  a  standing  committee  of  steam 
railroad  motive  power  engineers  reported  briefly  as 
follows : — "The  committee  feels  that!  ithere  is  a 
field  in  which  each  of  tlie  two  welders,  that  is,  the 
electric  and  the  oxy-acet3iene,  excels  the  other.  For 
welding  seams,  cutting  out  and  removing  old  sheets, 
the  oxy-acetylene  excels.  For  welding  flues  and  short 
cracks  and  welding  metal  where  expansion  must  be 
taken  care  of,  the  electric  welder  excels." 

Undoubtedly  the  welding  of  flues  in  locomotive 
boilers  offers  the  best  field  for  electric  welding  in 
steam  railway  shops.  In  order  to  show  the  ad- 
vantages of  welded  flues,  the  method  of  placing  flues 
in  the  front  and  rear  sheets  is  described  briefly.  Re- 
ferring to  Fig.  2,  (a)  shows  a  tube  set  in  position  and 
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(a)  Flue  in  pl^e« 


FIG.    2 — OLD    METHOD    OF    EXPANDING    .\ND    BEADING    OVER    BOILER 
FLUES    IN    END    SHEETS    WITHOUT   WELDING 

expanded  and  (6)  shows  tlie  tube  after  the  process  of 
beading  has  been  completed.  It  is  evident  that  un- 
der the  best  conditions,  there  is  a  joint  between 
tube  and  sheet  which,  in  time,  due  to  expansion, 
contraction  and  strain,  will  become  loose  and  leak. 


If,  however,  the  flues  can  be  welded  in,  it  is  evident 
that  an  enormous  amount  of  trouble,  due  to  leakage 
around  flues,  can  be  eliminated.  A  number  of  meth- 
ods used  in  welding  flues  by  the  electric  process 
are  shown  in  Fig.  3.  All  of  the  sketches  show  the 
flue  simply  set  into  position  in  the  sheet  without 
the  use  of  any  copper  ferrules  and  without  beading 
and  expanding.  A  comparatively  deep  and  narrow 
counterbore  is  shown  in  Fig.  3  (a).  It  was  found, 
after  welding  several  samples  counterbored  in  this 
manner,  that  the  counterbore  was  not  completely 
filled  in  with  metal.     This  was  particularly  true  at 
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FIG.    3 — V.\RIOUS    METHODS    USED    IN    WELDING    BOILER    FLUES    IN 

PLACE 


the  bottom  of  the  counterbore,  a  small  space  being 
left  unfilled.  By  making  the  counterbore  not  so 
deep  and  wider,  as  shown  at  {b),  the  weld  was  found 
to  fill  the  counterbore  completely.  In  (c)  a  counter- 
bore of  different  shape  was  used  (the  only  differ- 
ence between  (r)  and  (rf)  being  the  depth  of  the 
counterbore).  which  was  found  to  give,  if  anything, 
a  better  result.  It  should  be  mentioned  here  that 
in  order  to  determine  the  relative  results  with  the 
above  methods,  the  tubes  were  cut  off  after  weld- 


See  the  JovRN-.\L  for  Jan.,  1908.  p.   18,  and  March.  1913, 
p.  199- 


FIG.    4 — WELDING    FLUES    IN    .\    LOCOMOTIVE    BOILER 

ing,  flush   with   the   sheet,  and   then   the   sheet  cut 
through  the  weld  in  a  number  of  places. 

Flues  are  welded  by  the  metallic  electrode  pro- 
cess, using  about  150  amperes  with  approximately 
30  volts  drop  across  the  arc.  No  difficulty  is  ex- 
perienced in  welding  in  a  vertical  plane  with  the 
ordinary  iron  wire  electrode.  The  electrode  ma- 
terial is  generally  iron,  wire,  about  one-eighth  inch 
in  diameter.    A  special  low  carbon  steel  wire  has  also 
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been  found  to  give  very  good  results.  No  flux  is  re- 
quired, although  it  is  important  to  keep  the  surface 
clean  and  free  from  dirt,  scale  and  grease. 

There  will,  of  course,  be  occasional  imperfect 
welds.  These,  however,  are  no  more  serious  than 
leaking  joints.  The  present  indications  are  that  if 
flues  are  welded  in,  they  can  be  run  for  three  years, 


FIG.    5 — VVF.LDI.N'C;    RY    BOTH    METHODS;    C.\RBON    ELECTRODE    .\T   THE 
LEFT    AND    MET.VLLIC    AT    THE    RIGHT 

which  is  the  limit  prescribed  by  the  Federal  rules. 
A  view  of  the  process  of  welding  flues  in  a  locomotive 
boiler  is  given  in  Fig.  4. 

The  various  seams  and  stay  bolts  in  locomotive 
boilers  are  another  source  of  constant  trouble,  leaks 
resulting  from  constant  expansion  and  contraction 
of  joints  in  service.  These  cases  are  well  suited  for 
welding  by  the  electric  arc. 

The  two  types  of  welding  are  shown  in  Fig.  5, 
the  workman  on  the  left  using  the  carbon  electrode, 
and  the  one  on  the  right  the  metallic  electrode.  The 
method  of  welding  short  cracks  is  clearly  shown  in 


FIG.    6 — WORN    MUD    KING    FROM    A    LOCOMOTIVE    BEING    BUILT    UP 
BV   ELECTRIC   WELDING 

this  figure.  The  crack  is  first  "V'd"  out,  as  shown 
at  A  to  the  e.xtreme  right.  It  is  then  filled  in  so  that 
the  finished  weld  is  flush  with  the  surface,  as  shown 
at  B. 

Tlie  electric   process   has  a   marked  advantage 
over   the   gas   flame   in   welding    many    classes    of 


work.  The  gas  flame  does  not  bring  the  metal  at 
once  to  a  welding  temperature,  and  thus  allows  the 
heat  to  spread  more  or  less  through  the  sheet  or 
material  to  be  welded.  After  the  weld  is  made,  the 
work  cools,  and,  on  account  of  contraction,  strains 
are  set  up  which  tend  to  tear  the  weld  apart,  and 
often  do.  With  the  electric  process,  however,  the 
heating  is  almost  entirely  localized,  thus  practically 
avoiding  cooling  strains  after  the  weld  is  completed. 
There  are  some  cases,  however,  where  it  is  best  to 
preheat  the  work  before  welding,  in  order  to  insure 
even  and  uniform  contraction  throughout  when  cool- 
ing. This  applies  to  both  the  gas  and  electric  pro- 
cesses. 

Fig.  6  shows  how  worn  mud  rings  can  be  built 
up  by  welding  on  new  metal.  For  this  class  of  work 
the  electric  process  is  particularly  well  adapted. 
There  are  a  great  many  wearing  parts  on  locomo- 
tives and  cars  which  can  be  easily  and  cheaply  made 


FIG.    7 — REPAIRING   A    CRACK    IN    THE    FRAME   OF   A   LOCOMOTIVE   BY 
THE    METALLIC    ELECTRODE    ARC 

as  good  as  new  by  this  building-up  process.  Occa- 
sionally locomotive  frames  crack,  as  in  Fig.  7.  It 
is  a  comparatively  simple  operation  to  "\"'  out  the 
crack,  and  then  to  weld.  With  proper  care,  a  weld 
as  strong  as  the  original  material  can  be  made.  Or- 
dinarily, it  would  be  necessary  to  dismantle  the  en- 
tire locomotive  in  order  to  repair  a  break  of  this 
character.  Electric  welding  saves  all  such  expense. 
There  are  several  cases  on  record  where  locomotive 
frames  have  been  welded  by  this  means  without 
even  withdrawing  the  locomotive  from  service. 

In  street  railway  shops  the  electric  process  can 
be  used  in  repairing  broken  motor  frames,  worn 
trucks,  brake  rigging  and  many  other  parts  subject 
to  wear.  An  interesting  application  is  that  of  build- 
ing up  worn  frogs  and  crossings.  These  can  be  re- 
newed by  welding  on  new  metal  and  then  grinding 
them  to  shape.  A  large  saving  can  be  effected,  not 
only-  the  expense  of  supplying  a  new  frog  or  cross- 
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over  being  avoided,  but  also  the  expense  of  installa- 
tion, which  is  often  quite  heavy  on  account  of  the 
serious  interruption  of  traffic.  The  electric  process 
need  interfere  but  little  with  traffic.  It  is  also  pos- 
sible to  control  to  a  certain  degree  the  hardness  of 
the  weld,  hardness  being  a  good  quality  of  frogs  and 
crossings,  which  are  subject  in  service  to  a  continual 
succession  of  blows  from  the  wheels  of  rolling  stock. 

In  much  the  same  manner  that  steam  railroads 
are  taking  advantage  of  electric  welding,  steamship 
companies  are  also  being  benefited.  Repairs  on  boil- 
ers are  made  quickly.  In  many  of  our  large  sea- 
ports there  are  concerns  making  a  business  of  ma- 
rine repair  work.  For  instance,  a  steamship  comes 
into  port  with  leaky  boilers.  While  the  cargo  is 
being  unloaded,  a  small  vessel,  usually  a  tug  boat, 
carrying  the  necessary  generating  and  control  equip- 
ment, is  run  alongside  the  ship;  cables  are  carried 
into  the  boiler  room  through  the  port  holes  and  the 
boilers  repaired  by  electric  welding.  Broken  stern 
frames,  propellers,  and  damaged  plates  in  the  hull 
can  be  repaired  quickly,  although  it  is  generally  nec- 
essary to  dry-dock  the  vessel  for  repairs  of  this 
nature. 

In  foundries  and  machine  shops,  broken  steel 
castings  and  defective  castings  can  be  reclaimed, 
thereby  effecting  great  savings.  Occasionally,  dur- 
ing the  operation  of  machining  a  casting,  a  large 
blowhole  will  develop.  Without  removing  the  piece 
from  the  machine  tool,  the  blow  hole  can  be  filled 
up,  as  shown  in  Fig.  i,  and  the  work  continued  with- 
out the  loss  of  more  than  15  minutes  time. 

Another  exceedingly  satisfactory  application  of 
the  electric  arc  is  found  in  the  operation  of  opening 
tap  holes  and  tuyeres  in  furnaces.  The  furnace  is 
made  the  positive  terminal  of  the  circuit,  and  the 
negative  terminal  is  a  solid  carbon  rod  two  inches  in 
diameter  and  four  feet  long  filled  into  one  end  of  a 
wrought  iron  pipe,  which,  at  the  other  end  is  pro- 
vided with  a  wooden  handle.  The  entire  length  is 
about  ten  feet. 

OX-ERHEAD    WELDING 

Concerning  the  subject  of  overhead  welding, 
there  has  been  much  discussion.  Several  schemes 
have  been  brought  forward  to  accomplish  overhead 
welding,  each  one  being  claimed  by  its  originator  to 
be  the  only  successful  method.  One  of  these  schemes 
involves  the  use  of  a  special  electrode  holder,  con- 
taining a  coil  usually  in  shunt  with  the  arc.     It  is 


claimed  that  the  coil  sets  up  a  magnetic  field  in 
such  a  direction  as  to  direct  the  particles  of  molten 
metal  from  the  electrode  to  the  weld,  thus  causing  the 
particles  to  attach  themselves  to  the  article  being 
welded.  If,  however,  it  is  remembered  that  at  tem- 
peratures above  approximately  750  degrees  C.  iron  be- 
comes non-magnetic,  the  error  of  this  claim  becomes 
self-evident. 

Anotlier  method  is  the  one  making  use  of  a 
metallic  electrode  coated  with  a  non-combustible 
and  non-conducting  material,  which  has  the  effect 
of  causing  the  end  of  the  metal  electrode  to  melt, 
in  the  shape  of  a  cup  thus  holding  the  molten  ma- 
terial in  place  while  being  distributed  upon  the 
weld.  Following  closely  in  the  path  of  this  argu- 
ment, is  that  advanced  by  others  which  explains  the 
possibility  of  welding  overhead  by  the  so-called 
"pinch  effect."  This  "pinching"  effect  is  caused  by 
the  magnetic  field  which  surrounds  any  conductor 
carrying  current,  and  which  tends  to  contract  the 
material  of  the  conductor.  Obviously,  it  has  no  ef- 
fect on  a  solid  conductor,  but  if  the  conductor  be 
fluid  or  semi-fluid,  it  causes  the  material  to  con- 
tract, or  pinch.  That  the  pinch  effect  exists,  there 
is  no  question.  A  good  illustration  is  that  of  a  col- 
umn of  mercury  lying  in  a  horizontal  position.  If 
sufficient  current  be  passed  through  the  column,  the 
magnetic  field  set  up  about  the  column  is  of  such 
strength  as  ,to  cause  the  column  to  separate.  How 
far  this  effect  goes  in  successful  overhead  welding 
it  is  difficult  to  say.  It  is  claimed  that  a  coating 
around  the  electrode  is  necessary.  This  coating  may 
be  of  considerable  thickness,  or  it  may  be  quite  thin, 
as  for  instance  a  metal  electrode  simply  covered 
with  a  suitable  welding  flux.  The  fact  remains,  hew- 
ever,  that  overhead  welding  is  at  best  rather  uncer- 
tain. Experience  has  shown  that  in  the  hands  of 
skilled  operators  overhead  welding  can  be  done 
without  flux  coating'  on  the  electrode  and  without 
any  special  holder. 

All  of  this  only  goes  to  show  that  success  in 
electric  arc  welding  is,  after  all,  largely  a  matter  of 
the  skill  and  experience  of  the  operator.  The  rela- 
tions of  current,  voltage  and  length  of  arc  are  now 
sufficiently  well  known,  so  that  failure  to  achieve 
success  in  the  process  can  not  be  laid  to  these  ele- 
ments. It  remains,  therefore,  for  those  wishing  to 
benefit  by  the  process  to  secure  the  skill  and  ex- 
perience required  in  the  successful  practice  of  the 
art. 


Purchased  Power  and  the  Leather  Industry 


POWER  companies  are 
tannery  as  a  poor  prospect  for  their  service 
because  of  the  large  quantity  of  steam  re- 
quired in  the  process  of  manufacturing.  They  con- 
sider that  all  tanners  have  a  large  amount  of  spent 
tan  which  must  be  disposed  of,  and  that  this  furnishes 
practically  all  the  fuel  necessary.  As  a  matter  of  fact 
the  steam  used  in  manufacturing  leather  at  the  pres- 
ent time  is  for  the  most  part  live  steam ;  furthermore, 
the  quantity  used  has  become  proportionately  less 
each  year  due  to  the  increased  use  of  patented  tan- 
ning solutions.  The  use  of  these  solutions,  replacing 
the  liquor  formerly  obtained  from  tan  bark,  has 
greatly  decreased  the  supply  of  spent  tan  bark  avail- 
able for  fuel.  Hence,  it  has  become  necessary  to  use 
coal  for  the  steam  requirements. 

The  general  situation  before  the  leather  manu- 
facturers is  as  follows: — 

I — The  value  of  their  products  increased  52  percent 
in  the  past  decade,  and  will  probably  increase 
about  35  percent  in  the  next  decade. 

2 — The  primary  horse-power  increased  137  percent 
per  establishment  in  the  past  decade  and  must 
continue  to  increase  to  meet  the  increased  pro- 
duction. 

3 — The  correct  use  of  steam  and  the  proper  appli- 
cation of  motors  will  increase  the  production  in 
an  average  tannery  15  percent,  which  will  in 
turn  increase  the  profit  at  least  36  percent. 

These  statements  must  not  be  interpreted  to 
mean  that  the  central  station  can  now  get  power  con- 
tracts from  tannery  operators  merely  for  the  asking. 
The  leather  manufacturers  are  just  as  ignorant  of  the 
possibilities  of  purchased  power  as  the  power  com- 
panies are  of  the  tanning  industry.  In  order  that 
they  may  use  central  station  power  advantageously  or, 
more  clearly,  in  order  that  the  cost  of  power  plus  the 
cost  to  make  the  steam  for  manufacturing  be  less  than 
the  total  isolated  plant  costs,  the  tanners  must  know 
how  to  generate  and  use  steam  econotnically,  and  how 
to  operate  their  productive  machinery  to  secure  the 
maximum  output  with  a  minimum  power  consump- 
tion. If  these  improvements  are  not  provided  for,  the 
total  costs  with  purchased  power  may  not  be  less  than 
the  isolated  plant  costs,  and  as  a  result  the  power 
company  will  have  a  dissatisfied  customer,  who  will 
not  only  terminate  his  contract  when  it  expires,  but 
will  be  a  poor  advertiser  for  future  business. 

The  correct  use  of  steam  and  power  means  not 
only  a  saving  in  operating  costs,  but  usually  results  in 
obtaining  a  greater  output.  The  correct  arrangement 
of  motors  will  allow  the  placing  of  the  machinery  so 
that  the  material  can  be  handled  at  a  minimum  ex- 
pense.    The  correct  sizes  of  motors  means  a  saving 
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inclined    to   consider   a      in  the  first  cost  as  well  as  in  the  cost  of  operation. 


The  power  required  to  operate  the  various  ma- 
chines is  almost  invariably  over-estimated  by  tanners. 
The  figures  given  in  Table  I  were  obtained  from  a 
tannery  using  extracts  exclusively  and  having  an  out- 
put of  90000  hides  per  year.  Within  the  past  three 
months  a  very  large  Eastern  tannery,  having  a  modern 
turbo-generator  plant  operated  condensing,  has  seen 
fit  to  discontinue  the  use  of  their  own  power  plant 
and  are  now  using  central  station  service.  This  com- 
pany will  save  about  $5  000  per  year,  about  a  third  of 
the  saving  being  expected  from  improved  drainage  of 
steam  lines  and  better  coal  handling  facilities. 

The  data  here  given,  which  is  compiled  from  the 
United  States  census  reports,  shows  the  present  con- 
ditions of  the  tannery  industry  and  the  probabilities 
for  the  future,  and  will  be  useful  in  opening  up  a 
negotiation  with  the  manufacturer. 

Before  proceeding  further  it  will  be  interesting  to 
review  briefly  the  history  of  the  leather  industry. 

THE   PAST 

Making  leather  is  one  of  the  verj'  oldest  of  in- 
dustries ;  man  made  leather  before  he  knew  how  to 
work  metal.  Previous  to  18S0,  manufacturing  leather 
was  a  combination  of  manual  labor  and  chemistry. 
Any  attempt  to  supersede  manual  labor  with  ma- 
chinery was  discouraged  and  old  formulas  were  seem- 
ingly preferred.  These  formulas  were  handed  down 
from  father  to  son  for  generations.  Very  few  would 
take  advantage  of  the  scientific  knowledge  the  chem- 
ists had  to  offer  in  the  way  of  improved  and  more 
economical  methods. 

As  a  result  of  these  prejudices,  the  progress  of 
the  business,  previous  to  1880,  was  slight.  However, 
from  that  time  up  to  the  present  the  tanners  have 
adopted  the  most  radical  changes,  so  that  today  the 
industry  is  completely  revolutionized.  They  have  not 
only  adopted  many  patented  processes  of  tanning,  but 
have  also  installed  machinery  which  greatly  reduces 
the  labor.  From  1880  to  the  present  day  the  tanners 
have  been  no  less  enterprising  in  tlie  use  of  modern 
methods  and  inventions  than  the  leaders  in  any  other 
line  of  manufacture. 

THE    PRESENT 

The  present  situation  before  the  leather  manu- 
facturers can  be  shown  by  analyzing  the  census  re- 
ports.   The  first  four  tables  in  this  paper  show : — 

I — The  size  and  growth  of  the  industry,  as  a  whole. 
2 — The    condition   of   and    the   amount    of   business 

done  by  the  average  establishment. 
3 — The    details    of    the    cost    to    manufacture    $icx) 

worth  of  leather. 
4 — The   value   of   the   output   and   its   cost  per  $100 

capital  invested. 
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In  Table  I  is  shown  the  growth  of  the  leather  in- 
dustry since  1900,  and  the  number  or  value  for  all 
establisliments.  Inspection  shows  that  the  number  of 
establishments  decreased  29  percent  in  ten  years. 
This  does  not  indicate  that  competition  became  less. 

T  \BIvE  I— CENSUS  ANALYSIS  OF  THE   LEATHER 

INDUSTRY  __ 

All  Establishinents 


Item. 

Number  of  establishments 

Capital 

Primal^'  horse-power 

Number  of  salaried  employees 

Number  of  wage  earners 

Value  of  products -- 

COST   ITEMS. 

Cost  of  materials 

Wages 

Salaries 

Miscellaneous  expenses 

Total  cost 

Gro.ss  profit 

Percent  profit  on  capital 


laOO 

130C. 

$173  'J"  000 

88  860 

2  Mi 

5-i  i(W 

$204  038  1100 


$15.")  000  000 

■n  .'>!ll  OOO 

3  I.i9  000 

7  0-21  000 

187  774  OM 

Hi  264  IKX) 

9.37 


ISIO 

919 
$323  597  000 

14fi  140 

4  114 

62  202 

$327  874  000 


S24S  279  006 
32  103  600 
6  755  000 
12  414  000 
299  551  000 
28  3M  000 
8.77 


Percent 

change  in 

10  Years. 

i       29.0—       ' 

86.0  + 

66.5- 

68.4  + 

19.2+        I 

60.0+        I 


60.0+ 
42.0- 
113.0-r 
76.0- 
59.4+ 
74.2+ 
6.4— 


The  decrease  was  brought  about  through  the  forma- 
tion of  large  corporations,  which,  after  acquiring  a 
number  of  tanneries,  closed  down  the  least  profitable. 

The  capital  increased  86  percent ;  also  the  pri- 
mary horse-power  increased  66.5  percent.  The  large 
increase  in  the  primary  horse-power  was  caused  by 
extensive  installations  of  machinery,  to  operate  which 
required  increased  capacity  in  power  plants.  All 
these  improvements  must  have  required  the  expendi- 
ture of  a  considerable  portion  of  the  new  capital. 

Wages  and  salaries  show  a  greater  increase  than 
the  increase  in  the  number  of  wage  earners  and  sal- 
aried employes.  This  shows  that  the  average  indi- 
vidual is  receiving  more  money  than  formerly.  For 
instance,  in  1900  the  tannery  hands  earned  an  aver- 
age wage  of  $433.24  per  year;  in  1910  they  earned 
$516.10,  an  increase  of  19  percent.  Salaried  em- 
ployes received  an  average  of  $1  293.21  in  1900,  and 
$1  641.95  in  19 10,  an  increase  of  27  percent. 

Table  II  shows  more  clearly  the  condition  of  the 
average  tannery.     From  this  it  will  be  noted  that  the 
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TABLE   11 

Showing  number  or  value  per  establishment 


1910 


Capital _ $133  198 

Value  of  product 15t>  231 

COST  ITEMS. 

Cost  of  materials $118  701 

Wages 17  298 

Salaries 2  418 

Miscellaneous  expenses 5  370 

Total  cost 143  787 

Gross  profit 12  444 

Percent  profit  on  capital 9.37 

Primary  horse-ptwer 68 

,  Number  of  salaried  employees  l..'^ 

I  Number  of  wage  earners 39 


$352  117 
356  772 


$270  162 
31  932 
7  350 
13  .562 
326  006 
30  766 
8.77 
161 
4.4 
68 


Percent 
change  in 
10  Years. 

iui. - 

129.  - 


128.  + 

102.  + 

204.  + 

152.  -r 

127.  + 

147.  + 
6.9— 

137.  + 

144.  + 

74.  + 


value  of  the  products  has  increased  129  percent.  The 
increase  in  production  required  more  machinery;  to 
drive  the  machinery  it  was  necessary  to  increase  the 
capacity  of  the  power  plants  137  percent.  These  im- 
provements required  additional  capital.  The  first 
item  shows  that  the  capital  increased  164  percent. 

Table  III   shows  the  cost  to  manufacture  $100 


worth  of  leather.  It  is  an  analysis  of  Table  I  and  is 
worked  out  upon  the  value  or  number  for  each  $100 
worth  of  goods  produced.  The  bulk  cost  for  the  raw- 
materials  used  in  making  leather  has  increased  con- 
siderably. However,  the  second  item  shows  that  the 
cost  of  materials  per  $100  of  product  has  decreased 
0.32  percent.  This  indicates  that  the  tanners  are  more 
economical  in  their  manufacturing  methods  than 
formerly.  The  wages  per  unit  decreased  13  percent 
and  the  number  of  wage  earners  3.1  percent.  These 
figures  show  that  although  the  tanners  are  paying  the 

TABLE  III— NUMBER  OR  VALUE  FOR  EACH  $1»J0 
VALUE  OF  PRODUCT 


1910 


Percent 
Change  in 
10  Years. 


Capital 

COST  ITEMS. 

Materials 

Wages 

Salaries  

Miscellaneous 

Total  cost 

Gross  Profit 

Percent  profit  on  capital 

Primary  horse-power 

Number  of  salaried  employees. 
Number  of  wage  earners 


$85.35 


$75.96 

11.07 
1.54 
3.44 

92.01 
7.9J 
9.37 
0.043 
0.0012 
0.025 


$98.73 

15.6  + 

$75.72 

0.32— 

9.79 

13.0  -  ' 

2.06 

33.8  - 

3.78 

0.99- 

91.35 

0.72- 

8.65 

8.3  + 

8.77 

6.9  — 

0.042 

2.3  — 

0.0013 

8.0  + 

0.019 

3.1  -     ' 

individual  laborers  more  money,  they  are  getting  more 
efficient  results  from  them.  This  is  because  the  la- 
borer is  more  intelligent  and  also  because  of  the 
greater  use  of  machinery. 

Table  IV  is  compiled  to  determine  what  profit  is 
made  by  the  tanners.  Again  this  is  an  analysis  of 
Table  I.  It  shows  that  the  earning  power  of  the  capi- 
tal became  less.  For  instance,  in  1900  there  was 
$117.28  worth  of  leather  produced  for  each  $100 
capital  invested,  while  in  1910  there  was  only  $101.32 
produced  per  $100  invested.     The  percent  profit  upon 

TABLE  IV— NUMBER  OR  VALUE  PER  $100  CAPITAL 


Capital $173  977  000 

Value  of  product 117.28 

COST  ITEMS. 

Cost  of  materials J  80  OS 

Wages 12.98 

Salaries 1.81 

Miscellaneous  expenses 4.04 

Totalcost I  107.91 

Gross  profit |  9.37      " 

Percent  profit  on  capitaL !  9.37 

Primary-  horse-power 0.051 

Numbe'rof  salaried  employees.  0.0014 

Number  of  wage  earners !  0.029 


1910 

$323  597000 
101.32 


$76.72 
9.91 
2.09 
383 
92.55 
8.77 
8.77 
0.045 
0.0014 
0.019 


Percent 
Change  in 
10  Y'ears. 


86.0  + 
15.7  - 


16.0  — 
30.9  — 

15.4  + 
5.5  — 

16.5  — 
6.85— 
6.85— 

13.3- 

0 
52.7  — 


the  capital  decreased  6.85  percent.  The  census  re- 
ports do  not  include  depreciation  or  obsolescence  upon 
the  factory  or  the  equipment,  nor  the  interest  upon 
preferred  stock  or  loans.  If  these  fi.xed  charges  were 
added  to  the  cost  of  manufacture,  the  profits  shown 
in  these  tables  would,  of  course,  be  much  less. 

The  price  of  hides  and  skins  has  increased  be- 
cause the  domestic  supply  has  not  been  sufficient  to 
meet  the  demand.  This  situation  has  existed  since 
1815,  and  the  quantity  imported  has  increased  each 
year.  The  value  of  importations  in  1900  amounted  to 
$19400000,   while   in    1910  it   exceeded   $50000000. 

It  is  hardly  probable  that  the  price  of  leather  will 
ever   be   much   less   than   it   is    today.     The   upward 
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tendency  of  prices  can  readily  be  appreciated  by  re- 
ferring to  Figs  3,  4  and  5,  which  show  graphically 
the  average  price  per  year  from  1890  to  191 1,  for  oak 
and  hemlock  sole  leather  and  harness  leather. 


THE    FUTURE 


It  is  estimated  that  in  the  year  1920  there  will  be 
$460000000  worth   of   leather   manufactured   in   the 


^^r'~^ 


FIG.    I — TWO    EIGHT    BY    SI.X    FOOT    T.'KNNING    DRUMS    DRIVEN    BY    A 
FIFTEEX     HORSE-POWER    MOTOR 

United  States.  This  amount  exceeds  the  production 
-of  1910  by  $133000000.  This  figure  was  obtained 
as  follows: — 

There  are  two  features  that  have  a  material  bear- 
ing upon  the  demand  for  leather ;  these  are,  the  in- 
crease in  the  population  of  the  country  and  the  in- 
crease in  the  consumption  of  leather  per  capita. 
People  are  continually  finding  many  new  uses  for 
leather  goods.  The  population  of  this  country  has  in- 
creased at  ^n  average  rate  of  23.5  percent  per  decade 
for  the  past  fifty  years.  On  this  basis  the  population 
in  1920  will  be  113  475  000.     The  demand  tor  leather 


FIG.     2 — FLESHING     M.VCHINE     DRIVEN     BY     .\     FIVE     HORSE-POWER 
MOTOR 

has  increased  at  an  average  rate  of  13.5  percent  per 
decade  per  capita  for  the  past  half  century.  The 
leather  consumption  per  capita  was  $3.56  in  1910.  An 
increase  of   13.5  percent  will  bring  this  figure  up  to 

'$4.05  in  1920.  With  a  population  of  113  475  000  in 
1920,  and  a  demand  for  leather  of  $4.05  per  capita, 

ithe  total  value  of  the  output  will  be  $460000000,  an 


increase  of  40  percent  over  the  quantity  made  in  1910. 
In  Fig.  6  is  illustrated  graphically  the  value  of  tannery 
products  from  i860  to  1910,  the  dotted  line  indicating 
the  estimate  for  1920. 

A  comparison  of  the  population  and  the  value  of 
tannery  products  is  given  in  Table  V,  and  is  the  basis 
of  the  foregoing  estimate.  A  study  of  the  figures 
contained  in  this  table,  together  with  Fig.  6,  will  in- 
dicate that  the  prediction  for  1920  is  consistent  with 
the  growth  in  the  past. 

THE    PRESENT   SITUATION 

The  probability  that  more  leather  will  be  sold 
does  not  signify  a  financial  improvement  in  the  tan- 
nery industry.  In  the  past,  the  capital  has  increased 
at  a  greater  ratio  than  the  increase  in  the  value  of  the 
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FIG.    3 — CURVE    SHOWING    VARI.'VTION    IN    YEARLY    AVERAGE    PRIC5 
OF  OAK   SOLE  LEATHER  FROM    189O  TO   I9I2 

products.  The  effect  of  this,  as  shown  in  Table  III, 
is  that  in  1900  the  amount  of  capital  required  for 
each  $100  worth  of  goods  produced  was  $85.35.  In 
1910,  the  capital  necessarj-  was  $98.73.  This  de- 
creases the  net  profits,  as  shown  in  Table  I\',  by  6.85 
percent. 

When  stockholders  increase  their  investment  in  a 
company,  they  should  earn  at  least  the  same  percent 

T.VBLE  V— COMl'.VRISON   OI-   POPl-L.A.TI(1N  .\ND 
VALUK  OF  T.\NNERV  PRODUCTS 

Value  of  Products. 

Total         Percent 
Value      Change  in 
MillioD.s.l    10  Years 


Population. 

Million 

Percent 

Inliab- 

Increase 

itants. 

10  Years. 

ISI.I 

31 

1«70 

39 

22 

Iv-O 

.VI 

29 

1S;K) 

(H 

26 

190(1 

76 

20 

I'.ilO 

92 

21 

S  76 
157 
200 
172 
204 
32S 


14— 
IS- 
60- 


Value 

Percent 

Per 

Change 

Capita. 

Per  Capita. 

S2.41 

4.(ft 

6S.O4- 

4.U0 

1.2— 

2.74 

31.0— 

2.69 

1.8— 

3.56 

S2.0- 

dividends  as  formerly,  otherwise  their  is  no  incentive 
to  make'  the  investment.  If,  in  this  decade  the  capital 
increases  in  the  same  proportion  to  the  production  as 
during  the  past,  it  will  seriously  interfere  with  the  net 
profits.  The  problem  before  the  tanners  is  how  to 
increase  the  production  in  proportion  to  the  increase 
in  the  capital,  or  better,  how  to  increase  the  produc- 
tion with  no  material  increase  in  capital. 

THE  SOLUTION 

The  tanners  are  not  able  to  increase  the  selling 
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price  of  their  product,  vvhicli  depends  upon  competi- 
tion. The  cost  of  raw  materials  and  labor  is  depend- 
ent upon  the  supply  and  demand.  The  only  means 
left  to  earn  greater  profit  is  through  increasing  the 
production  and  increasing  the  efficiency  in  the  process 


FIG    4 — CURVE    SHOWING    AVERAGE    PRICE    PER    YEAR    OBTAINED    FOR 
HEMLOCK    SOLE    LEATHER    FROM     189O    TO    I912 

of  manufacturing.  In  this  line  the  tanners  have  done 
remarkably  well.  Although  the  cost  of  hides  and 
labor  have  increased,  Table  III  shows  that  they  have 
been    able   to    reduce    the    total    manufacturing    cost. 
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FIG.  5 — CURVE  SHOWING  VARIATION  IN  THE  AVERAGE  PRICE  OB- 
TAINED FROM  YEAR  TO  YEAR  FOR  OAK  HARNESS  LEATHER 
FROM    1890    TO    igi2 

This  was  accomplished  by  increasing  their  manufac- 
turing efficiency. 

AN    OPPORTUNITY   OVERLOOKED 

An  excellent  opportunity  exists  in  almost  every 
tannery  to  effect  savings,  heretofore  overlooked,  in 
steam  and  power.  Very  few  tanners  are  generating 
or  using  steam  and  power  economically.  The  princi- 
pal reason  is  because,  in  the  past,  they  did  not  con- 


sider this  item  of  expense  sufficiently  important.  A 
few  years  ago  fuel  cost  them  very  little  as  the  spent 
tan  provided  them  with  the  greater  part.  Today,  ex- 
tracts have  come  into  such  general  use  that  it  is  neces- 
sary to  purchase  fuel  for  use  in  place  of  liie  spent  tan. 
In  general  the  tanners  have  not  considered  using 
purchased  power,  believing  that,  inasmuch  as  they  had 
to  have  steam,  it  was  cheaper  to  make  their  own 
power.  A  large  number  of  manufacturers  in  other 
lines  have,  however,  found  it  more  profitable  to  pur- 
chase electricity  than  to  make  their  own  power.  One 
of  the  important  reasons  for  this,  other  than  the  sav- 
ings in  power  cost,  is  that  it  allows  them  to  make  ex- 
tensions and  increase  power  demand  at  a  minimum 
investment.  During  the  past  few  years  a  number  of 
tanners   also   have   closed   down   their   steam   engines 
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FIG.     6 — CUR\'E     SHOWING     V.\LUE    OF    TANNERY     PRODUCTS     FROM 
i860    TO    I9IO    WITH    AN    ESTIMATE   TO    1920 

and  are  now  purchasing  their  power,  operating  their 
boilers  at  low  pressures,  for  the  steam  necessary  for 
manufacturing  processes.  In  Table  II  it  is  shown 
that  the  primary  horse-power  increased  137  percent. 
Such  an  increase  in  the  demand  for  power  means  that 
most  tanners  have  found  it  necessary  to  add  to  the 
capacity  of  their  power  plants.  Additions  to  a  power 
plant  are  usually  expensive  and,  as  a  rule,  the  money 
so  invested  could  be  made  more  profitable  if  used  to 
manufacture  leather.  Also  the  industry  is  growing 
so  fast  that  there  is  no  assurance  that  further  addi- 
tions will  not  have  to  be  made  again  in  a  few  years. 
To  meet  the  conditions  of  increased  power  re- 
quirements is  a  subject  that  must  be  given  consider- 
able study.  The  solution  may  be  by  increasing  the 
capacity  of  the  present  plant,  by  building  aa  entirely 
new  modern  plant,  or  by  purchasing  central  station 
power  and  using  low  pressure  steam  for  manufactur- 
ing. Before  deciding  upon  which  plan  is  best  for  a 
particular  case,  the  company  should  first  secure  the 
following  data  pertaining  to  the  present  plant : — 
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I — The  total  quantity  of  steam  generated. 
2 — The  total  quantity  of  steam  used  for  power. 
3 — The  total  quantity  of  steam  used  for  manufactur- 
ing, and  for  heating. 
4 — The  cost  of  steam  per  pound. 
5 — The  quantity  of  power  generated. 
6 — The  cost  of  power  per  kilowatt-hour. 

In  addition  to  the  above  details,  the  investment 

which  will  take  care  of  the  immediate  needs  should  be 

TABLE  VI— POWER  REQUIREMENTS  OF  A  TANNERY 


motors  in  a  tannery  will  allow  the  placing  of  the  ma- 
chines so  that  the  materials  can  be  handled  with 
greater  ease.  This,  together  with  other  equally  impor- 
tant advantages,  will  give  the  tanners  a  greater  out- 
put. To  the  writer's  knowledge  these  features  in- 
creased the  production  for  one  particular  tanner  15 
percent,  the  investment  required  to  make  the  changes 


1 

Horse-power 

Horse- 
power. 

Motor 
R.  P.  M. 

Drives. 

Required. 

Average. 

Max. 

25 

570 

H  Shapkv  ft  Wells  leather  rolling 

machines.  ',t  rollers  working 

21.5 

„ 

25 

570 

2  Kxtracl  wheels.  10  in.  dia.,  200 

bellies  in  one  wheel,  23  r.  p.  m.. 

16.1 

22.8 

20 

570 

2  Oil  wheels.  10  in.  dia.,  200  bel- 

lies in  one  wheel  23  r.  p.  m 

10.1 

24.1 

10 

1130 

BufBug  brush,  10  in.  dia.  by  24  in. 

2  Jl 

35 

850 

Fan 

40 

20 

850 

2  No.  3  and  1  No.  5  Turner  setting 
machines.  No.  5  machine  work- 

12 

15. 

850 

2  No.  3  Turner  setting  machines.. 
1  Leather  roller    

j 

6 

2.7 

1.5 

15 
10 

SO 

S50 
1130 

Rolling  machine  only 

Line  friction 

Stick  washing  machines,  not  in 

2  Wa.shing  wheels,  19  r.  p.  m.,  10 

in.  dia..  1  wheel  only,  load— 20 — 

[ 

60  lb.  hides 

18.8 

21.5      1 

5 

5 

5 

10 

850 

8,t0 
8.T0 
860 

Lime  reel.  20    ft.  long,  made  of 

1 

Lime  elevator  and  mixer 

1.6 
1.67 

Leigen  whole  hide  unhairing  ma- 

15 

850 

10.7 

12.1 

8  Paddle  wheels.  3  in  use,  2  wheels 

running  during  test    

1.34 

10 

850 

2  Liquor  circulating  pumps.  Hi  in. 
dia.,    suction,    A    in.,  discharge 

5 

850 

head   15  ft 

26 

200  Rockers,  188  rockers  on  during 

test 

4 

35 

570 

IJjO  Inch  Turner  fleshing  machine 

32.2 

«.8 

FIG.     8 — SKIX-SPLITTIXG     MACHI-N 

POWER    MOTOR 


FIVE    HORSE- 


determined,  at  the  same  time  considering  what  further 
investment  will  be  required  to  provide  for  future 
growth.  This  analysis  should  show  what  money 
would  be  required   for  the  isolated  plant  and  what 


being  $7000.  The  effect  of  a  15  percent  increase  in 
production  on  the  profits  can  be  readily  determined 
by  an  analysis  of  the  figures  in  Table  II.  In  1910, 
the  value  of  the  products  was  $356  ~J2 ;  an  increase 
of  15  percent  would  make  this  figure  $410287.  The 
cost  of  the  materials  was  $270  162;  an  increase  of  15 
percent  would  be  $310686.  The  wages,  salaries  and 
miscellaneous  expenses  would  remain  the  same. 
The  total  cost  of  production  would  be  $366  530.  The 
difference  between  the  value  of  the  products  and  the 
cost  of  production  would  be  the  profit,  which  would 
amount  to  $43  757.  The  capital  was  $352  117,  which, 
plus  the  expense  of  $7  000  to  change  to  electric  drive, 
makes  a  total  capital  of  $359  1 17.    With  a  capital  of 


FIG.    7 — YOVR    TANNING    TUBS    DRIVEN    BY    A    SINGLE    FIVE    HORSE- 
POWER   MOTOR 

would  be  needed  if  power  were  purchased.  The  data 
pertaining  to  the  present  operation  could  be  used  as  a 
basis  to  estimate  the  future  cost  of  operation.  When 
such  an  analysis  as  made  the  decision,  in  almost  every 
instance,  will  be  in  favor  of  purchasing  power. 

Manufacturers  in  other  lines  have  found  that 
motors  properly  applied  in  their  factories  will  increase 
the  production  of  the  machines.     Proper  layouts  of 


FIG.    9 — EMERY    OR     SLEDE    WHEELS    DRIVEX     BY     A     FIVE     HORSE- 
POWER   MOTOR 

$359  117  and  a  profit  of  $43  757,  the  percent  profit  is 
12  percent.  The  percent  profit  in  1910,  as  given  in 
Table  II,  was  8.77  percent;  if  this  is  increased  to  12 
percent  it  means  that  the  percent  profit  has  been  in- 
creased 36  percent.  In  other  words,  a  15  percent  in- 
crease in  production  means  an  increase  of  36  percent 
in  the  profits. 


Electric  Locomotives  Built  in  Large  Quantities 


G.  PONTECOBVO 


DURING  A  \ACATION  IN  EUROPE,  the 
writer  availed  himself  of  the  opportunity  to 
visit  the  works  of  the  Italian  Westinghouse 
Company  which  are  situated  near  the  sea  on  the  bay 
of  Vado  Ligure  on  the  Italian  Riviera.     The  Italian 


layout  of  the  works  has  been  arrived  at  after  some 
changes  due  to  experience,  and  will  probably  be  of 
interest,  as  even  in  this  country  a  large  production  of 
electric  locomotives  of  such  size  is  not  common. 

In  order  to  explain  the  arrangement  used,  the  plan 


-A   VIKVV    SHOWING   THE   LOCATION    AND   BUILDIXG    ARR.XNGEMENT   OF   THE    PLANT   OF    THF.    ITALIAN    WESTINGHOUSE    COMPANY 

NEAR  THE  BAY   OF  VADO  LIGURE  ON  THE  RIVIERA 


Company  has  specialized  in  the  construction  of  large 
electric  railway  locomotives  built  mostly  for  the 
Italian  State  Railways.  They  manufacture  many 
other  lines  of  apparatus,  but  the  production  of 
locomotives  was  the  most  interesting  feature  of  these 
works  to  the  writer.  Approximately  2  000  men  are 
employed  and  they  have  been  delivering,  for  quite  a 
long  time,  locomotives  of  2  000  to  2  600  horse-power 


^ 


flG.    2 — PLAN    OF    LOCOMOTIVE    SECTION    OF   .THE     SHOPS,    ASSEM- 
BLING   TABLES    AND    ACCESSORIES 

at  the  rate  of  one  every  five  days  and  they  are  ex- 
pecting to  keep  up  this  production  for  many  months. 
As  they  manufacture  the  complete  locomotive,  includ- 
ing electric  motors  and  all  mechanical  parts,  the  pro- 
duction scheme  in  the  shop  must  be  very  well  ar- 
ranged in  order  to  obtain  such  results.     The  present 


of  the  locomotive  section  of  the  shop  is  shown  in  Fig  2. 
It  will  be  noticed  that  the  locomotive  shop  consists  of 


FIG.     3 — CENTRAL     AI.SLE     OF     LOCOMOTIVE     SECTION 
DETAIL    PARTS    ARE   ASSEMBLED 


WHERE     ALL 


FIG.   4 — LOCOMOTIVE   DETAILS   IN   THE   PROCESS  OF   ASSEMBLING 

Aisle  C  in  the  background  showing  locomotives  nearin^ 
completion. 

three  large  aisles,  A,  B,  and  C.    The  left  one  is  given 
over  to  the  manufacture  of  mechanical  parts  such  as 


THE  ELECTRIC  JOURNAL 


frames,  wheels,  axles,  etc.  These  parts,  and  all  appa- 
ratus brought  in  from  the  other  shops,  such  as  motors, 
rheostats  and  control  apparatus,  are  stored  in  the 
middle  aisle,  as  shown  in  Figs.  3  and  4.  The  right 
aisle  is  used  for  the  assembling  of  the  locomotives, 
for  which  are  provided  numerous  stands.  The  cranes 
are  of  small  capacity,  as  a  traveling  table  outside  of 
the  locomotive  shop  is  used  for  moving  the  nearly 
completed  locomotives  from  one  stand  to  the  other. 
All  of  the  assembling  and  testing  of  the  locomo- 


All  of  these  first  m.\  -lanu-  .nc  served  by  the  15 
ton  crane.  On  stands  seven,  eight  and  nine  the  cab 
is  mounted  on  top  of  the  locomotive  body  and  the 
whole  mounted  on  wheels,  the  cabs  being  brought  in 
from  the  outside  by  the  traveling  table.  On  stands 
10  and  //,  the  control  apparatus  and  conduit  and  wir- 
ing are  mounted.  On  stand  /-'.  the  motors  are  mounted. 
This  is  done  by  means  of  an  hydraulic  elevator  which 
lifts  the  motors  under  thef  body  of  the  frame.  The 
motors  are  brought  in  from  the  other  shops  by  the 


FIG.    5 — THE    BEGINNING    OF   THE    ASSEMBLING    AISLE 

Showing  in  the   foreground  the  cement  blocks  on  which 
the  steel  plates  are  fitted   for  assembling  and  riveting. 

tives  is  done  on  sixteen  stands,  situated  in  aisle  C. 
Two  heavy  steel  side  plates,  328  by  48.6  by  1.2  inches, 
form  the  frame  of  the  locomotives,  the  sliaping  of 
which  is  carried  on  by  a  combined  milling,  boring  and 
slotting  machine,  which  can  shape  six  plates  at  a  time, 
holted  together.  On  the  first  stands  the  plates  are 
drilled  and  riveted  to  the  cross  plates.  For  this  pur- 
pose there    is    a    riveting    machine    suspended    from 


FIG,  7 — CENTRAL  VIEW  OF  AISLE  C  SHOWING  SUCCESSIOX  OF 
TABLES  AND  THE  DEVELOPMENT  OF  THE  ASSEMBLING  AS  THE 
WORK    PROGRESSES   TOWARD   THE   END  OF   THE    .\1SLE 

track  shown  in  the  plan  and  the  mounting  of  the 
motors  by  means  of  this  elevator  can  be  done  in  a 
very  short  time.  Stands  /,?  and  14  are  for  the  finish- 
ing of  assembling,  and  /j  and  16  for  testing  of  appa- 
ratus and  for  insulation  tests.  After  painting,  the 
locomotive  is  ready  for  shipment. 

Fig.  7  gives  a  general  idea  of  aisle  C  looking  from 
the  first  stand  and  Fig.  8  shows  the  first  of  one  order 


FIG.  6 — THE  SECOND  STAGE  IN  ASSEMBLING  THE  LOCOMOTU  t 
WHERE  THE  HEAVY  CAST  AND  FORGED  PIECES  ARE  MOUNTEIi 
ON    THE    STEEL    FRAME 

above  and  a  traveling  drilling  machine.  On  the  floor 
there  are  blocks  of  cement,  of  the  same  shape  as  the 
bearings  and  at  such  a  distance  apart  that  the  steel 
plates  can  easily  be  assembled  by  mounting  them  on 
these  cement  blocks.  On  the  third  and  fourth  stands 
the  heavy  cast  and  forged  pieces  are  mounted  on  the 
frame  as  shown  in  Fig.  6.  Along  these  tw'o  stands 
there  are  swinging  drilling  machines.  On  the  fifth 
and  sixth  stands  the  body  is  completed,  including  the 
mounting  of  the  bumpers  and  similar  parts. 


FIG.    8 — ^A.  TYPICAL    ELECTRIC    LOCOMOTIVE   BUILT    BY    THE    ITALIAN 
WESTINGHOfSE    COMPANY 

of  65  locomotives  all  of  the  same  capacity  and  char 
acteristics. 

From  the  above  description,  it  can  be  seen  that 
there  is  no  unnecessary  shifting  of  locomotives  or 
material  and  that  all  the  work  proceeds  in  parallel  so 
that  no  delay  occurs  at  any  point,  thus  making  possible 
a  high  rate  of  production. 


Motors  in  the  Portland  Cement  Industry 


p.  -N.  Harrison 


THE  CEMENT  industry  has  grown  enormously 
during  the  last  twenty  years.  For  example,  the 
rate  of  increase  in  production  for  the  period 
1904-1909  was  146  percent,  and  for  the  three  years 
1909-1912  there  was  an  increase  of  26  per  cent.    A 


FIG.    I — BALL    MILL 

Coupled  and  geared  to  a  75  horse-power,   860   r.p.m.,   induction   motor 
at  plant  of  Superior  Portland  Cement  Co.,  Concrete,  Wash. 

more  definite  idea  of  the  rapid  growth  of  this  indus- 
try may  be  obtained  from  the  following  approximate 
figures : — 

Year  Barrels  Cement  Value 

1895    090  324  $  1 586  830 

1904    26  505  881  •  23  355  1 19 


1909   64991 431 

1911    78  000  000 

1912    82  000  000 


52  S58  354 
66  250  000 
67017000 


These  figures  are  for  Portland  cement,  the  pro- 
duction of  which  is  ordinarily  99  percent  of  the  total 
cement  production  of  the  country,  the  other  two  forms 
being  natural  and  puzzolan.  While  this  marked 
growth  has  been  the  direct  result  of  the  natural  de- 
mand for  cement  and  the  increased  number  of  uses 
to  which  cement  and  cement  products  are  being  ap- 
plied, it  may  be  conservatively  stated  that  the  enor- 
mous increase  in  production  has  been  considerably 
facilitated  by  the  adoption  of  modern  methods  of 
power  generation  and  distribution,  which  have  sim- 
plified the  complete  manufacture  of  the  product.  The 
chief  centers  of  the  industry  in  the  United  States  are 
in  the  East  and  Middle  West.  The  Pacific  Coast 
States  also  make  a  considerable  showing,  as  a  number 
of  the  largest  plants  in  the  country  are  now  located 
in  this  section. 

Portland  cement  is  an  artificial  silicate,  formed 
by  mixing  intimately  a  material  having  high  lime  con- 
tent with  clay  or  shale  and  properly  fusing  the  mix- 
ture. The  chemical  make-up  is  approximately  62  to  65 
percent  liiue,  20  to  23  percent  silica  and  8  to  10  per- 
cent alumina.   There  are  three  general  combinations  of 


ingredients,  any  of  which  when  properly  treated  gives 
a  good  cement — cement  rock  and  clay;  limestone  and 
clay,  and  marl  and  clay.  Blast  furnace  slag  is  fre- 
quently substituted  for  the  cement  rock  or  marl,  as  it 
furnishes  in  varying  percentages  the  desired  silica  and 
ahimina. 

The  particular  combination  of  in- 
gredients used  depends  largely  on  the 
section  of  the  country  and  the  consequent 
nature  of  the  supply.  For  example,  in 
the  Lehigh  Valley  District,  limestone  and 
and  cement  rock  of  a  very  high  grade 
are  obtained ;  in  the  Middle  West,  Alich- 
igan  and  Indiana,  marl,  because  of  its 
abundance,  is  used  in  conjunction  with 
clay;  in  Western  Pennsylvania,  Indiana 
and  other  centers  of  the  iron  and  steel 
industr)-,  the  limestone  slag  combination 
is  used ;  while  on  the  Pacific  Coast  the 
limestone  and  clay  combination  is  more 
common. 

In  locating  a  new  cement  mill  it  is 
important  to  have  the  assurance  of  a  sup- 
ply of  law  materials  in  the  vicinity  of  the 
plant  sufficient  to  last  appro.ximately 
twenty  years.  It  is  estimated  that  in  the  manufacture 
of  one  barrel  of  cement,  about  450  pounds  of  lime- 
stone and  150  pounds  of  clay  or  shale  are  consumed, 
which,  for  a  mill  having  an  output  of  i  000  barrels  per 
24  hours,  means  66  000  tons  of  limestone  and  22  000 
tons  of  clay  or  shale  per  year.  In  other  words,  20- 
000  000  cubic  feet  of  limestone  and  5  000  000  cubic 
feet  of  cla\-  or  shale  should  be  available  for  a  thou- 


KKUPP    BALL    MILL 


Belted  to  a  75  horse-power  induction  motor  at  plant  of 
the  Southwestern  Portland  Cement  Co.,  El  Paso,  Te.xas. 

sand-barre'  mill  if  a  heavy  investment  on  such  a  plant 

is  to  be  warranted. 

PROCESS  OF   MANUFACTURE 

There    are   two    processes    of    making    Portland 
cement,  namely,  the  dry  process  and  the  slurry  or  wet 
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process,  each  of  which  calls  for  the  same  chemical  in- 
gredients, differing  only  in  the  state  in  which  the  raw 


FCEO   HOPPER 


FIG.   4 — GROUP   OF    KENT    MILLS 

Driven  by  40  horse-power  squirrel-cage  motor, 
cago  Portland  Cement  Co.,  Chicago,  111. 


FIG.   3 — CROSS-SECTION   VIEW   OF    A    KENT    MILL 

materials  are  found  and  the  way  in  which  they  are 
treated  during  the  stages  of  manufacture.  The  dry 
process  is  by  far  the 
more  common.  The 
following  descrip- 
tion of  the  dry  pro- 
c  e  s  s  contemplates 
the  use  of  limestone 
and  clay  as  raw  ma- 
terials, and  the  three 
installatlions  o  u  t  - 
lined  later  are  ex- 
amples of  such  prac- 
tice. 

The  raw  mate- 
rials are  conveyed 
from  the  quarries, 
sometimes  adjacent 
to,  but  often  three  to  five  miles  distant  from  the  mills, 
to  storage  hoppers  above  the  plant  so  as  to  afford  a 
gravity  flow  of  material  to  the  first  step  in  the  process 
— the  crushers.  The  limestone  and  clay  are  fed  to 
separate  crushers  of  the  gj'ratory  type ;  although 
rolls  are  frequently  used  to  crush  the  clay  or 
shale.  From  the  crushers  the  materials  are  fed  to  sepa- 
rate cylindrical  rotary  dryers  which  are  lined  with  fire 
■brick.  They  range  in  size  from  four  to  six  feet  in  di- 
ameter and  from  30  to  60  feet  in  length,  are  slightly 
inclined  to  the  horizontal  and  rotate  at  from  three  to 
ten  revolutions  per  minute.  These  dryers  are  fired 
with  pulverized  coal  or  crude  oil  as  the  location  of  the 
plant  dictates  and  dry  the  materials  thoroughly  during 
the  passage  from  the  upper  to  the  lower  end,  prepara- 
tory to  the  next  stage  in  the  process,  known  as  inter- 
mediate grinding. 

After  drying,  the  materials  are  ground  to  approxi- 
mately 30  mesh  in  one  of  several  types  of  machines, 
such  as  the  ball  mill,  the  Kent  mill,  or  the  Williams 
lianinier  mill,   all   of   which   perform   the   same   duty. 


The  ball  mill  and  the  Kent  mill  are  more  commonly 
used,  the  former  being  a  slow  speed  machine  running 
at  approximately  25  r.p.m.,  while  the  latter  rotates  at 
about  200  r.p.m..  The  ball  mill  employs  a  heavy  charge 
of  steel  balls  which  fall  over  overlapping  plates  on  the 
sides  of  the  mill,  thereby  grinding  the  material.  Typi- 
cal ball  mill  drives  are  shown  in  Figs,  i  and  2.  The 
principle  of  operation  of  the  Kent  mill  may  be  seen 
from  the  cross-section  view  in  Fig.  3,  and  an  installa- 
tion of  Kent  mills  is  shown  in  Fig.  4.  The  two  raw 
materials,  after  having  been  treated  separately  up  to 
this  stage,  are  now  united  in  definite  proportions  in  au- 
tomatic scales,  a  typical  mixture  being  i  245  pounds 
limestone  and  260  pounds  clay. 

After  leaving  the  automatic  scales,  the  fine  grind- 
ing of  the  material  is  usually  accomplished  in  tube 
mill.s.  Fuller  mills  or  Griflin  mills.  While  the  tube 
mills  are  by  far  the  most  common,  the  other  types  are 
much  in  favor  in  certain  mills.  The  most  popular  size 
of  tube  mill  is  5.5  feet  in  diameter  by  22  feet  long, 
rotating  at  24  r.p.m.,  the  mill  being  filled  to  about  the 
center  line  with  a  five  to  seven  ton  charge  of  flint  peb- 
bles, two  to  three 
inches  in  diameter. 
When  the  material 
is  fed  into  one  end 
of  the  tube  mill,  it  is 
gradually  pulverized 
and  passes  to  the 
discharge  end.  The 
fineness  of  product 
is  governed  by  the 
rate  of  feed  and  the 
charge  of  pebbles, 
and  will  average  92 
percent  through  a 
100  mesh  screen. 
The  Fuller  and 
Irillin  mills  perform  this  same  iiperatii')n  bv  means  of 


At  plant  of  Chi- 


FIG.    5 — ROTASY   DSYEKS 

Two  dryers  driven  by  a  30  horse-power  induction 
motor.  At  plant  of  the  .\Ilentown  Portland  Cement  Co., 
Evansville,   Pa. 
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heavy  steel  balls  (Fuller  niillj  or  a  roll  (Griffin  mill), 
working  against  a  stationary  die  by  means  of  centrifu- 
gal force,  thereby  necessitating  the  relatively  high 
speed  of  approximately  200  r.p.m. 

The  completion  of  the  tine  grinding  concludes 
what  is  known  as  the  raw  mill  process. 
Following  the  tine  grinding  the  material 
is  transferred  to  the  kiln  building,  where 
it  is  burned  in  rotary  kilns.  These  are  slow- 
revolving  furnaces  on  a  slight  incline  to 
the  horizontal  and  approximately  eight 
and  one-half  in  diameter  by  125  to  150 
feet  long.  Material  fed  in  at  the  upper 
end  gradually  works  down  towards  the 
lower  end,  due  to  the  rotating  of  the  kiln, 
the  speed  ranging  from  one  turn  in  45 
seconds  to  one  turn  in  two  minutes.  The 
heat  is  applied  at  the  lower  end  of  the  kiln 
and  is  drawn  the  entire  length  into  the  at- 
mosphere by  means  of  a  properly  arranged 
stack.  Thus,  the  material  is  subjected  to  a 
gradually  increasing  temperature  until  it 
reaches  the  maximum  at  the  lower  end. 
This  range  of  temperature  is  roughly  esti- 
mated at  from  700  degrees  F.  at  the  stack 
end  to  2  800  to  3  300  degrees  F.  at  the 
finish  end.  The  discharge  from  the  kiln 
is  in  the  form  of  a  globular  clinker  which 
is  passed  either  to  a  cooler  or  direct  to  storage  bins 
for  weathering. 

In  continuing  the  process  in  what  is  termed  the 
finish  side  of  the  mill,  it  is  sometimes  necessary  to  dry 
the  clinker  when  taken  from  storage.  It  is  then  passed 
through  an  intermediate  grinding  and  also  a  fine  grind- 
ing process,  using  the  same  types  of  machines  as  on  the 
raw  side  of  the  mill,  namely,  ball  mills  for  the  inter- 
mediate, and  tube  mills  for  the  fine  grinding,  or  some 
other  combination,  such  as,  Sturtevant  ring  roll  mills 


such  fineness  that  95  percent  or  more  will  pass  through 
a  icx)  mesh  screen,  and  75  to  80  percent  through  a  2CX)- 
mesh  screen.  The  product  is  then  conveyed  to  the 
stock  house  for  storage  in  bulk  or  packed  in  sacks  of 
95  pounds,  or  barrels  of  380  pounds  for  shipment. 


Cl»y  DrT"  Hoca 


FIG.    7 — 250   HORSE-POWER,  345    R.P.M..    I.XDUCTIOX    MOTORS 

Each  belted  to  two  5.5  by  22  ft.  finish  tube  mills  in  adjoining 
room.  At  the  plant  of  the  Santa  Cruz  Portland  Cement  Co.,  Dav- 
enport, Calif. 

for  intermediate  and  tube  mills  for  fine  grinding ;  Kent 
mills  for  intermediate  and  Fuller  mills  for  fine  grind- 
ing, etc.  I'revious  to  the  fine  grinding  of  the  clinker, 
two  percent  of  pulverized  gypsum  is  added  to  regulate 
the  setting  quality  of  the  finished  product.    This  is  of 


FIG.  6 — TYPICAL  CEMENT   MILL  L.WOUT 

In  the  foregoing  outline  it  is  to  be  understood 
that  all  steps  in  the  manufacturing  process  are  linked 
together  by  means  of  belt  or  screw  conveyors,  screens 
for  returning  over-sized  material  for  regrinding,  and 
temporary  storages  for  material,  so  arranged  as  to  re- 
lieve any  stage  in  the  process  of  congestion  during 
slight  choking  of  any  of  the  apparatus. 

In  addition  to  the  processes  as  outlined,  there 
are  misceiianeous  adjuncts  to  a  complete  mill  which 
are  common  to  many  other  industries,  such  as  hoists, 
air  compressors  to  give  blast  to  fuel  in 
dryers  and  rotary  kilns,  blowers,  pumps, 
laboratory  apparatus,  repair  shops,  etc. 
Where  coal  is  used  for  fuel,  pulverizers 
are  necessary  to  powder  the  coal  to  90 
percent  through  a  lOO-mesh  screen.  Fig. 
6  illustrates  the  "flov/  sheet"  of  a  very 
large  cement  mill  in  the  West,  conspicu- 
ous for  having  standardized  on  ball  mills 
and  tube  mills  in  the  intermediate  and 
fine  grinding  departments  for  both  the 
raw  and  the  finish  sides.  This  plant  is  de- 
scribed in  detail  as  plant  "A"  later  in  this 
article.  It  purchases  all  of  its  power  from 
a  local  central  station.  The  combinations 
of  machines  used  in  several  actual  cement 
mills  in  scattered  localities  are  shown  in  Table  I. 


POWER  CHARACTERISTICS 


The  mention  of  cement  mill  motor  ser\-ice  imme- 
diately suggests  machines  of  most  rugged  character- 
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istics   with   dust  proof   features.    Motor  TABLE  I— DATA  ON  CEMENT  MILL  INSTALLATIONS 

manufacturers   have    found   it    desirable  mill  no.  i 

to    Hpvplnn    n     linp    of    inrlnrtion     rnotorc  ^'"''   ■*"''  CUnker  Uuiiiiilmcnl  FinUh   Hill 

to    ULVeiop    a    line    01     niauction    motors       »— Cj.atory  crusher  a— Coal   pulyerizcm  «— Kent    mill*     (inUnnedi 

especially    suited    to    this    class    of    work.        e— BanSills  (Irftcrmcdiate)         c'—Openlir  storage  h — Tube'milLi  (flne) 

In    general,    cement    mill    apparatus    is     -tl^T^mms'te  grind-  "-"dc'^/rfn"'     """"• 

is  operated  at  constant  speed.    The  ex-  '"«>    .  distribution  of  power  in  mill  no.  i 

Ceptions     to    the     rule    are     found    in    the  Raw   miU    35    motors,    aggregating    leiS    horsepower 

1      •    .  r      1-  1        .      ^u  Coal  house   3         "  "  46 

hoist    applications,    common    about    the  ciinkcr  house  26      ••  ••  335 

,      .,  •,,  ,     ^,  Finish    mill     21         "  "  1350 

quarry    and    the    null    proper,    and    the  Machine  shop  i      ■■  "  20 

I  .,  .     .  ,    .  Pump  house   2         "  ••  80  " 

rotary  kiln  and  dryer  drives.  Power  house  <      ••  "  420 

Since  the  various  machines  are  of  toui "02  ases 

large    and    bulky    proportions,    of    great  mill  no.  2 — capacity  260000  bbls.  per  year 

inprtin    nnrl    snhiprt    to    ovprlonHo    Hiif>    to  ^'"''   ^'"  CUnker  Department  Finish   Mill 

ineriia    ana    SUOjeCt    to    OVeriOaaS    aue    10        a— Xo.   5   Symons  crusher  a— Williams       mills       (for        a— Kominuters- 

Clogging  Of  materials,  the  motor  power  e-L°,,L''ToTes""fo'fJ,7       b-sm13fh''^"l re^'ibe  miu      '^''"^^    -'"•    ''    """ 

must  be  capable  of  exerting  high  starting  ^_^,^r^2   m.   jeirrey       t^^l"^^  S^fc^ai  firod)      ^^T^^r^t  """""^  '" 

torque  and  must  have  sufficiently  large  e-wiSs  hammer  miii 

full-load  and  pull-out  torques  to  serve  all  '-s^idth  No.  3  tube  mius 

,       ,  ,  ^  Mill  No.  2  purchases  power  from  Central  Station  for  2030  horse-power 

emergencies  in  the  long  hours  of  severe  ;„  motors  and  produces  a  barrel  of  finished  cement  on  a  consumption  of 

service  characteristic  of  this  class  of  ap-  18.2  wilowatt  hours, 
paratus.    This  is  especially  true  of  ball  „       „,„"'^'-  ^'°-  3~capacity  2  372  500  bbls.  per  year 

'    .  ...  Kow  mil  Clinker  Department  Finish   ilitt 

mills     and     tube    mills,     in     which     heavy  a — Gyratory   crushers  n — Kotaiy   kilns    (oil  Bred)  a — Ball  mills 

•^  b — Rctiry  drjers  b — Clinker  storage  b — Tube  mills 

rotating  parts,  along  with  heavy  charges  c — Bail  miUs  c — storage  and  packing  de- 

o   f  >  o  JO  jj — .p^j^g  ^,j„3  partment 

of   abrading   agents   and   actual   charges  Mill   No.  3  purchases   power   for  approximately  8 165   horse-power   in 

materials   must   be   turned   over       There      "lotors  and  finishes  a  barrel  of  cement  on  a  consumption  of  16.24  kilowatt 

hours. 
are  other  constant  speed  machines,  the  mill  no.  4 — capacity  schdooo  bbls.  per  year 

nnprat-ion  of  whirh    i«  aiHpH   rnnsiHprahlv                       Kajc   Mill  Ciinkcr  Department                           Finish   Hill 

operation  01   wnicn   is  aiaea  COnSiaeraOlJ  a— Anaconda  rolls  a— S  X  125  ft.  rotary  kilns  a— So.   66   Kominuters 

hv    thpir    own    flv-wheel    effect     siirh    as  b— 6^    X     60    ft.  rotary        b — 6%     x     60    ft.    rotao'  b— 6  x   22  ft.  tube  mills 

oy    ineir    own    ny  wneei    eiiecc,    SUCn    as                  ^^^^  clinker  cooler  e — storage  and  packing  dc- 

those  operating  on  the  centrifugal  force      jZe^x^lo^rtX  mills         ''— C"°'=«'"  ^'°"e«  partment 

principle,  as  does  the  Fuller  mill  and  the      ^—^  x  "  it.  tube  ■""'«  ^^^^^^,,^^^„  „^  ^^^^  ,„  ,,„,  ^.„   ^ 
f         f    >  distribution  of  power  in  mill  no.  4 

Griffin  mill,  as  well  as  still  others  which  j^j;],   ^^    ^   purchases  power   for  approximately    1 668  horse-power   in 

make  use  of   an  externally  applied  fly-      motors  and  produces  a  barrel  of  cement  on  a  consumption  of  24.6  kilowatt 

wheel,    such    as    the   Williams    pulverizer,  Ilorse-Power  connected       Horsepower,  Max.  DemanJ 

.,         •  ,  J   ii  i.  1  .1 — Rock  crushing  and  drying 58  37 

the  jaw  crusher  and  the  g)-ratory  crush-     i,_Kaw  intermediate  grinding 245  266 

Ml  ■                r    ii  •       i.    „                            1  •    1,        c— -Raw   fine   grinding 457  388 

achines  of  this  type  require  high      d—coai  grinding  ..: 160  141 

.  .      .       .  1  1       J    •  e — Clinker   burning    120  65 

torque  at  start  and  are  commonly  driven     t_Finish  intermediate  grinding les  i67 

t_  ,  1  1  •  1.  i      •    i.-  f  S — Finish  fine  grinding 400  269 

by    motors   whose  slip   characteristics    af-       h— Mechanical    department    60  42 

ford  this  torque   as  well   as  the   proper  Note.— The  above  table  is  simply  intended  to  give  a  brief  summary  of 

utilization  of  flywheel  effect.    Simplicity  "."^  combinations  of  the  chief  apparatus  which  are  used  in  various  mills  and 

•'  r        J  gives  no  consideration  to  miscellaneous  apparatus  such  as  conveyors,  eleva- 

of   construction,   absence   of   contact   be-  tors,  screens,  etc.    Where  coal  is  used  for  fuel  the  coal  grinding  and  pulver- 

tween  moving  parts  and  general  rugged-  izing  apparatus  is  included  under  the  clinker  department. 

ness   make  the   squirrel    cage    induction  *a  Kominuter  is  a  special  type  of  ball  mill, 

motor  a  favorite  for  most  applications. 

For  hoist  service,  however,  varying  speed  slip  ring  in-  any      point      between      one-half      and      full      speed, 
duction  n'.otors  are  preferable,   for   reasons  common  The  method  of  drive  in  a  cement  mill  is  perhaps 

to  any  hoisting  problem.  of  greatest  importance  when  considering  motor  appli- 

The  other  exception    to    the    rule  for  constant  cations,  for  with  the  prevalent  cement  dust  and  fre- 

speed  service— the  rotary  kiln— is  a  result,  not  of  in-  quent  high  temperature,  coupled  with  the  nature  of 

herent  characteristics  of  the  kiln,  but  rather  of  the  Hie  apparatus  to  be  driven  the  success  of  the  drive  is 

duty  performed.    In  other  words,  it  is  necessary  to  largely  dependent  on  this  consideration, 
vary  the  temperature  in  the  kiln  to  produce  a  proper  Where  possible,  the  motors  should  be  installed  in 

fusion  of  the  mixture,  and  it  has  been  found  prefer-  a  room  separate  from  the  driven  machine.     It  is  cus- 

able  to  vary  the  speed  of  rotation  of  the  kiln  rather  tomary  to  drive  crushers,  together  with  their  respec- 

than  the  rate  of  feed  of  material  or  fuel  to  the  kiln,  tive  elevators  and  conveyors,  by  individual  belt  drive ; 

The  rate  of  turning  governs  the  time  it  takes  the  mix-  while  the  various  types  of  raw,  intermediate  and  finish 

ture  to  pass  through  the  kiln  and  this  governs  the  de-  grinders  are  advantageously  belt  driven,  through  flexi- 

gree   of    fusion  to  give  the   desired   clinker   product,  ble   couplings,    individually    or   in   groups   of   two,    a 

This  requirement  is  readily  met  by  the  use  of  varying  scheme  which  brings  into  play  a  short  counter-shaft 

speed     slip-ring     induction    motors,     arranged     with  and    makes    standard    speed    squirrel-cage    induction 

controllers  suitable     for     continuous     operation     on  motors  applicable. 
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Each  belted  to  a  tube  mill  in  the  adjacent  room. 
Texas  Portland  Cement  Co. 


At  tlie 


FIG.   9 — A   ROW   OF    150    HORSE-POWER,    160  R.P.M.,   INnUCTION    MOTORS 

Each  flexibly  coupled  to  a  tube  mill  in  the  adjoining  room.     At  the  plant 
of  the  Universal  Portland  Cement  Co. 


Tube  mills,  either  in  the  raw  or  finish  mill,  should 
invariably  be  driven  by  individual  motors,  either  di- 
rect connected   to  the   shaft  by  flexible  couplings  or 
belted  to    the    counter-shaft    of    the    mill.     Flexible 
couplings    are    essential    when     a    direct    connected 
drive    is    employed. 
Clutch    pulleys     are 
not  necessary  on  the 
belted     drives     pro- 
viding    the     proper 
motor     is      applied. 
Experience  has 
shown    that    the    ro- 
tary   kiln     drive     is 
best    accomplished 
by  individual  motor 
and  belt.  The  motor 
is  usually  placed  in 
a  pit  under  the  kiln, 
and  near  its  middle. 
This    arrangement 
takes    the     motor 

away  from  the  high  temperatures  and  at  the  same  time 
does  not  interfere  with  the  location  of  its  controller 
at  the  clinker  or  finish  end  of  the  kiln. 

Rotary  dryers  for  either  raw  materials  or  clinker 
are  seldom  more  than  one  or  two  in  number  and  are 
very  readily  driven  individually,  together 
with  their  conveyors  and  elevators.  While 
it  is  frequently  possible  to  group  the  vari- 
ous conveyors  and  elevators  directly  on 
the  machines  which  they  serve,  it  is  at 
times  necessary  to  group  them  with  the 
Newago  screens  on  separate  drives.  The 
packing  machines  and  auxiliary  conveyors 
are  usually  on  one  motor,  while  the  mis- 
cellaneous machines,  such  as  air  compres- 
sors, pumps,  hoists,  etc.,  are  all  individ- 
ually driven. 

Thus  it  is  seen  that  the  modern  ce- 
ment mill   is  largely  individually   driven,  „^.    ^^^..^  g  g,.  ^^^  „  ^^^^^^  ^,^^^ 
as    this    method,    by    the    use    of    standard           Driven  by  a  50  horse-power,  850  r.p.m.,  induction  motor, 
squirrel-cage  motors,  makes  possible,  with   of  the  Superior  Portland  Cement  Co.,  Concrete,  Wash. 


the    exceptions    noted,    a    most    economic 
method  of  operation. 

While  the  cement  mill  has  not  ordi- 
narily been  considered  within  the  field  of 
operation  of  the  central  station,  a  consid- 
erable  number  of   such   plants   are  being 
-uccessfully  served  from  power  lines,  and 
the  three  plants  for  which  detailed  figures 
are  given  are  all  interesting  examples  of 
central  station  power  in  the  cement  mill. 
.Attractive  rates  must  be  part  of  the  power 
solicitor's  ammunition  if  he  wishes  to  deal 
successfully    with    the    cement    manufac- 
turer, while  continuity  of  service,  twenty- 
plant  of  the  four  hours  a  day,  seven  days  a  week  is  an 
absolute  necessity.  The  use  of  large  squir- 
rel-cage motors  should  prove  no  barrier  to  the  secur- 
ing of  such  load,  since  the  central  station  and  the  con- 
sumer should  appreciate  that  the  ratio  of  any  one  mo- 
tor to  the  total  capacity  is  very  small.    Long  hours  of 
continuous  operation  of  all  machines  give  an  average 

power  demand  that 
is  only  slightly  low- 
er than  the  maxi- 
mum, and  thus  a 
very  high  load  fac- 
tor is  characteristic 
of  cement  mill  oper- 
ation. The  motor 
capacity  installed 
per  barrel  of  cement 
manufactured  per 
day  will  be  from  one 
to  one-half  horse- 
]!  iwer ;  while  the 
power  consumed 
per  barrel  of  ce- 
ment will  range 
from  sixteen  to  twenty-five  kilowatt-hours. 

The  question  of  power  requirements  of  the  vari- 
ous machines  depends  on  several  items,  such  as  the 
nature  of  raw  material,  the  rate  of  feed  and,  for  crush- 
ing or  grinding  apparatus,  the  size  to  which  the  mate- 


At  the  plant 
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rials  are  reduced  and  the  type  of  machines  used.  Table 
II  gives  ai^proxiniatc  horse-power  and  other  character- 


istics of  the  principal  machines,  as  well  as  the  recom- 
mended method  of  drive. 


FIG.    II — RING    ROLL    MILL  FIG.    12 — GROUP  OF  48-INCH   FULLER   MILLS 

Belted    to  a   75   horse-power,  860   r.p.m.,    in-  Each  belted   to  a  75  horse-power,  480  r.p.m.,  vertical   induction  motor, 

duction   motor.     In   the   finish   mill   of   the   Su-  Motor  pulley,  20  by  18  in.,  mill  pulley,  54  by  18  in.    At  the  plant  of  the  AUen- 

perior  Portland   Cement   Co.,   Concrete,   Wash,  tcwn  Portland  Cement  Co. 


TABLE  II— CHARACTERISTICS  OF  CEMENT  MILL  MACHINERY. 

Startine 

Horse- 

SUrUng 

Horse- 

Machine 

R.P.M.  of 

Capicity 

Torque 

Method 

power  for 

Machine 

R.P.M.  of     Capacity 

Torque 

Method 

Power  for 

Machine 

per  hour. 

(Times  Full 

of  Drive 

Average 

Machine      per  hour 

(Times  Full 

of  Drive 

Average 

I/»d) 

Size  Used 

Load) 

Size  Used. 

Giant" 

Gyratory 

300-400 

5  to  1500 

2 

Belted 

50-150 

Griffin 

160-170      ,  13-15  bbls. 

IK 

Belted 

60 

Crusher 

(Driven 
pulley) 

tons 

Mill 

30  in.— 200 
36  in.— 150 

VA  to  IVi 

tons 
lYiloZVi 

tons 

4J-30 

RotHry 

3-10 

8-20  tons 

2 

Belted 

30  Incl. 

Dryer 

. 

conveyors 

Sturtevant 
Mill 

,    330 

(Driven 

pulley) 

45  bbls. 
20  mesh 
25  bbls. 

iH 

Belted 

5^«o 

Ball  Mill 

20-25 

2 

Belted  or 

50-75 

80  mesh. 

flexibly 

coupled 

Tube  Mill 
5^x22  ft. 

24          Depends  on 
speed  and 

2 

Belted  to 
counter- 

100-150 

Williams 

100-11000 

16-20  tons 

\% 

Flexibly 

75-200 

charge  of 

shaft  or 

Mill 

(12  mesh) 
15-lS  tons 
(20  mesh) 

Coupled 

pebbles 

flexibly 
coupled 

Kiln 

0.6  lo  2  r.p.m. 

Average  25 

2 

Belted 

10-30  per 

Kent  Mill 

•    200 

6-8  tons 
(20  mesh) 

1 

Belted 

(2  belts 

40 

bbls. 

individ- 
ually 

'    Kiln 

Fuller  Mill 

33  in.— 210 

4  tons 

iVi 

Belted  to 

25-40 

Sacker 

960 

1 

Belted  in 

Approx.  15 

42  in.— 160 

2H  to  3 

vertical 

75-90 

(Driven 

group 

hp.  per  ma- 

54 in.— 125 

tons 

motor 

150-200 

pulley) 

1 

chine,  incl. 
conveyon. 

No  figures  are  given  for  conwyors,  elevators,  pumpi.or  compressors,  etc.,  as  these  are  purely  local  considerations  and 

are  treated  differently  in  every  installation. 


PL.\NT  A 

This  plant  has  a  capacity  of  9  000  bbls.  of  cement  on  the  finish  side  and  6  000  bbls.  of  clinker  on  the  raw  side  per  24  hours.  The  raw 
materials  are  obtained  in  electrically  operated  quarries  about  three  miles  distant  and  arc  brought  to  the  plant  by  steam  power.  An  average  of 
600  men  are  employed  to  operate  the  mill  and  quarry,  working  in  two    12-hour  shifts. 

.4n  aggregate  of  10  980  horsepower  in  induction  motors  is  installed,  having  a  load  factor  of  13.4  percent.  The  supply  source  is  three-phase, 
2  200  and  440  volts,  60  cycles.     The  electrical  energy  consumption  per  barrel  manufactured  is  16.7  kw-hrs. 

MOTOR  .\PPL1C.\T10N 
QUARKJES 

.Application 
Geared  to  a  single  drum  hoist 
Driving  a  Gates  No.  9  gyratory  crusher 
Geared   to  a   Vulcan  Iron   Works   single  drum  hoist 
Geared  to  an   S.  Flory  3   drum   hoist 

CLAY  DltYIXa  AXD  GRINDINO 

Belted  to  a  clay  drver  and  bolt  conveyor  to  storage  bin. 

Geared  to  an  S.   Flory  single  drum  hoist  operating  a  3  ton  car  over  a  1000  ft.  slightly  curved  track,  up 

slight  incline  from  1st  to  id   drjer 
Belted  to  35  ft.  of  shafting,  driving  a  Vulcan  Iron   Works,   100   ft.  rotarj'  drum  6   ft.  diam.  small  end, 

7  ft.  diam.  large  end.     .\lso  co'iveyors  and  elevators  handling  clay  to  and  from  drj'er 
Coupled  to  an  8  ft.  shaft   (two  hangers)  and  belted  to  a  ball  mill 

ROCK  DRYIXa  A?!D  BRINDINO 

Coupled  to  a  15  ft.  shaft   (five  hangers) — connected  load; — 
Two    Gates  No.    6   g>Tator\-   crushers 

One   24   in.  x   200   ft.  belt  conveyor  from  crusher  to  storage  house 
Two  20  in.  X  ^0  ft.  belt  conveyors  with  automatic  trippers  to  storage  house 

Coupled   to   a    Williams    No.    5   limestone  crusher 

Belted   to   a   shafting   driving  three  bolt  conveyors  in  storage  house 

Belted  to  35  ft.  of  shafting  driving  two  Mosser  7x60  ft.  rotary  drjers  3M   r.p.m.     Also  drives  elevators 
and  conveyors  from  storage  to  dryers  and  then  to  ball  mills 


No. 
1 
1 

1 
1 

Hp. 

95 
150 

50 
l.SO 

R.P.M. 

6S5 
580 
S50 
690 

T>-pe 
Slip  Ring 
Squirrel  Cage 
Slip  Ring 
Slip  Ring 

1 
1 

40 
95 

860 
690 

Squirrel  Cage 
Slip  Ring 

1 

150 

345 

Squirrel  Cage 

1 

150 

345 

Squirrel  Cage 

1 

150 

5S0 

Squirrel  Cage 

1 
1 
1 

75 

30 

150 

1130 
850 
345 

Squirrel  Cage 
Squirrel  Cage 
Squirrel  Cage 
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5        160  345  Squirrel  Cage     *     Each   coupled   to  a   short  shaft,   to  which  are  belted  two  ball  mills,  22  r.p.m. 

1        150  346  Squirrel  Cage         Belted  to  shafting  driving  screw  conveyors  under  clay  and  limestone  bins,  mixing  conveyors  and  elevators 

to  raw  tube  mills 
7        250  345  Squirrel  Cage  Each  coupled   to  a  short  shaft,   to  which  are  belted  two  51^x22  ft.  tube  mUls,  26  r.p.m. 

X  75  G90  Squirrel  Cage  Coupled  to  a  short  shaft — connected    load: — 

One  elevator  to  top  of  kiln   buililing 

One  screw  conveyor  over  kiln  bins 

One  screw  conveyor  from   raw  mill  to  kiln  building 
14  30  690  Slip  Ring  Each   belted   to   7x125    ft.   rotary   kiln.      Driven  pulley,  80x12  in.;  motor  pulley,  20x10  in. 

1  40  580  Squirrel  Cage  Belted  to  125   ft.   shaft  driving   seven  12  in.  x  '60  ft.  elevators  to  clinker  coolers 

1  30  850  Squirrel  Cage  Belted  to  an  S.   Howes  packer 

CLINKER  HANDLING 

1        110  675  Slip  Ring  Geared    to   an    S.    Flory    double    drum  hoist  operating  cable  with  30  bbl.  skip  on  900  ft.  aerial  tramway 

1        150  690  Slip  Ring  Geared   to   a   Lidgerwood   double   drum  hoist  operating  a  duplicate  skip 

1        150  345  Squirrel  Cage  Belted    to    shafting — connected   load: — 

Fourteen    24    in.   x    205    ft.   belt  conveyors 

One  24  in.  x  150  ft.  belt  conveyor 

Three   bucket    elevators 

One  clinker  dryer 

1  150  345  Squirrel  Cage  Belted  to   35    ft.   of  shafting  driving  a   Mosser  7x60   ft.  rotary  dryer,   3%    r.p.m.,  also  three  elevators  to 

drj'er,  ball   and   tube   mills 
9        150  345  Squirrel  Cage  Each   coupled   to  a  short   shaft,    to  which  are  belted  two  ball  mills 

2  150  345  Squirrel  Cage         Each   coupled   to   a   short   shaft,   to  which  is  belted  a  Gates  No.  5  gjTatory  gypsum  crusher  and  two  belt 

conveyors  to  stock   house   bins 
10        250  345  Squirrel  Cage  Each   coupled  to   a   short  shaft,   to  which  are  belted  two  5%x22  ft.  tube  mills,  25  r.p.m. 

1  75  690  Squirrel  Cage  Belted   to  line   shaft,   driving  two  14  in.  x  250  ft.  screw  conveyors  under  cement  storage  bins 

Two  elevators  to  packers 

Eight   S.    Howes   packers 
1  10        1120  Squirrel  Cage  Belted  to  a  20  ft.  shaft  driving   two  rotary  sack  cleaning  drums 

COMPRESSOR  HOUSE 

1        800  195  Squirrel  Cage         Coupled  to  an  85  ft.  shaft — connected  load: — 

Two    Ingersoll    Rand,    Class   D,    24x24    in.    duplex   air   compressors.     Flywheel,    12    ft.    diam.,    rim    46 
in.  X  3  ^2  in-.    100   r.p.m.      Supplies  1728  cu.  ft.  air  per  min.  at  80  lbs.  pressure 
One  Ingersoll- Sargent  25^xl6V4xl6  in.  compound  air  compressor  125  r.p.m.     Supplies  1  200  cu.  ft. 
of   air  per   min.    at   80    lbs.  pressure 
SLx    P.    F.    Sturtevant   No.    9   blowers,  1  200  r.p.m.      Supply  air  to  clinker  cooling  towers 
1        800  195  Squirrel  Cage  Coupled  to  a   15   ft.  shaft  driving  two  Ingersoll  Rand,  Class  D,  24x24  in.  duplex  air  compressors.      Dupli- 

cate of  above 

REPAIR  SHOP 

1  30  840  Squirrel  Cage  Belted    to    line    shaft — connected    load: — ■ 

Two  20  in.  lathes  One  set  7  ft.  bending  rolls 

One  double  emery  wheel  One  Forbes   pipe   threader 

One   12  in.  hack  saw  One  wheel  press 

One  Long  &  Allstatter  12   in,  shear 

MISCELANEOUS 

2  15        1120  Squirrel  Cage  Each  geared  to  a  triplex  plunger   crude  oil  pump 
1           15           840          Slip  Ring                 Direct  connected  to  a  4   ft.  exhaust  fan 

1  3  1700  Squirrel  Cage  Belted  to  a  portable  stacker 

1  ^/^  1700  Squirrel  Cage  Belted   to  a   Starke  centrifuge 

1  5  1720  Squirrel  Cage  Belted  to  a  line  shaft  driving  a   small  crusher  and  grinder  in  sample  mill 

1  1  1700  Squirrel  Cage  Belted    to   line    shaft    driving    a    small  emery  wheel  and  small  bench  lathe 

POWER  CONSUMPTION — 1912 

Bbls.  of  Cement  Bbls.  of  Cement 

Month                Kw-Hrs.        Bbls.  of  Clinker  Burned*        Manufactured                  Month  Kw-Hrs.        Bbls.  of  Clinker  Burned*        Manufactured 

January 402  000                           43  210        July 1  812  000  97  319  87  345 

February    ....        858000                           83110        August 2  COS  000  96540  106000 

March    '.    .     .    .    .    1348  000                              2  457                         140  150        September.    ,    .    .  1744  000  96  240  85  495 

AprU 2  196  000                            70  131                         135  110        October    ....  1978000  96  SIO  131047 

May 2  042  000                          110  683                           79  575        November.    .    .     .  1966  000  95  2S0  114  527 

June 1690  000                            92  927                           84  075        December.     .     .     .  1692  000  71130  96  275 

*The  clinker  storage  is  usually  so  large  that  the  number  of  barrels  of  clinker  burned  and  barrels  of  cement  manufactured  bear  no  direct 
relation  to  each  other  in  any  one  month. 

PLANT  B 

This  plant  has  a  rated  capacity  of  2  500  bbls.  of  cement  per  24  hrs.  The  clay  and  limestone  is  obtained  from  an  adjoining  quarrj',  the  mate- 
rial being  hauled  in  small  cars  up  an  incline  from  the  pit.      There  are  250    men  employed  in  the  quarry  and  mill,  working  in  12-hr.  shifts. 

An  aggregate  of  3  685  horse-power  in  squirrel-cage  induction  motors  is  installed,  having  an  average  demand  during  normal  operation  of 
2  200  kw  and  a  load  factor  of  36.5  percent.  The  supply  source  is  three-phase,  2  000  volts,  60  cycles.  The  electrical  energy  consumption  per 
barrel  of  cement  manufactured  is  23. 4   kw-hrs. 

MOTOR  APPLICATIONS 
QUARRY 
No.        Hp.        R.P.M.  Application 

1  15  1120  Driving  a  single  drum  hoist  with  1  in.  cable,  to   draw  cars  up  incline  from  pit 

1  16  1700  Duplicate  of  above  drive 

1  50  850  Driving  a  similar  cable  haul 

1  15  1700  Direct  connected  to  a   4   in.  centrifugal   drainage   pump,  operating  against  a  75   ft.   head 

COMPRESSOR  ROOM 
1        306  345  Belted  to  an  Ingersoll  Rand  2  cylinder,  compound   horizontal    air   compressor,    which    carries    100    lbs.    pressure.      Flywheel, 

12    ft.   diameter,   rim   26x2    in.,    96   r.p.m.      Supplies  air  for  drills  in  quarry  and  to  burners  under  kilns  and  drj'ers 

MILL 

1        150  850  Belted  to  a  Gates  No,  9  gyratory  crusher,  driven   pulley  54x20  in.,  motor  pulley  22x20  in.      Motor  also  drives  a  20  in.  x  40 

ft.   incline   convevor  from   crusher  to  bin 
1  15  1135         Belted  to  an  8  ft.  shaft  (two  hangers)   driving  a   20  in.  x  45  ft.  conveyor 

1  10  1120  Driving  a  24  in.  x  200  ft.  conveyor 

1        200  580  Belted  to  a  50  ft.  shaft — connected  load: — 

Two  Gates  No.  5  crushers 

Two  6x35  ft.  rotary  drj'ers 

Two  bucket  elevators 

Two  drag  conveyors 
1  50  850  Belted  to  a  Gates  No.  5  crusher.      Driven  pulley,    36x16  in.,  motor  pulley,  16x16  in.      Motor  also  drives  a  16  in.  x  60  ft. 

bucket  elevator 
1  40  850  Belted  to  a  7x60  ft.  crushed  rock  dryer.      Driven  pulley,  24x12  in.,  motor  pulley,  15x12  in.     Motor  also  drives  a  20  in.  x  45 

ft.  inclined  conveyor  and  a  16  in.  x  45  ft.   elevator 
1        150  345  Coupled  to  a  20  ft.  shaft — connected  load: — 

Two  Williams  No.  5  crushers,  driven  pulley,    20x15  in.,  driving  pulleys,  72x15  in. 

One  16  in.  X  65  ft.  elevator 

Two  Newago  screens 
1  50  850  Belted  to  a  12   ft.  shaft — connected  load: — 

Two  12  in.  X  100  ft.  screw  conveyors 

Two  automatic  scales 

Two  16  in.  X  75   ft.  elevators 

One  Mixer 
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40 

850 

250 

345 

800 

195 

1  75  690  Belted  to  a  30  ft.  shaft — connected  load: — 

One  Demins  Sx8  in.  triplex  pump,  65  strokes  per  minute 

Ten  60  ft.  rotary  kilns 

One  IngersoU  Sergeant  Drill  Co.  2  cylinder,   horizontal  air  compregBor 
1        SCO  195  Coupled  to  a  CO   ft.  shaft,  which  is  belted  to  a   00   ft.  countershaft — connected  load: — 

Nine  raw  ball  mills,  each  having  a  separate   conveyor 

Six  5x22  ft.  raw  tube  mills 

One  IngersoU  Sergeant  Drill  Co.  2  cylinder,   horizontal  air  compressor 

Friction  load,  motor  and  shafting,  122  hp. 

Load    on    motor    with    compressor    working,    202   hp. 

Average  power  required  by  one  ball  mill  with  if)  conveyor,  31  hp. 

Average  power  required  by  one  tube  mill  with  its  conveyor,  70  hp. 
1        150  580  Belted  to  countershaft  on  a  5x22  ft.  tube  mill,   driven  pulley  104x24  in.,  motor  pulley,  28x24  in. 

1  50  850  Coupled  to  a  6  ft.  shaft,  belted  to  a  30  ft.  countershaft — connected  load: — 

Two  8x125  ft.  rotary  kilns 

One  B.  F.  Sturtevant  60  in.  exhaust  fan 
1  15  1120  Belted  to  an  8  ft.  shaft — connected  load: — 

One  20  in.  x  150  ft.  belt  conveyor  from  kiln   room  to  clinker  storage 

One  12  in.  x  75  ft.  clinker  elevator 

CLIXKER  HOUSE 

1  10  1120  Driving  a  20  in.  x  225  ft.  conveyor  with  automatic  trippers  and  a  12  in.  x  65  ft.  bucket  elevator 

1  5  1120         Direct  connected  to  a  30  in.  exhaust  fan 

FIXISn  MILL 
1  40  870  Belted  to  a  shaft — connected  load: — 

One  6x45  ft.  clinker  dryer 

One  12  in.  x  4  5  ft.  elevator 

One  20  in.  x  4  00  ft.  belt  conveyor  from  storage  to  dryer 

One  20  in.  x  35  ft.  conveyor 
1  30  850  Belted  to  shaft — connected  load: — 

One  20  in.  x   100  ft.  belt  conveyor 

One  12  in.  x  4  5  ft.  elevator 

One  20   in.  x  150   ft.  belt  conveyor 
1  5  1120  Belted  to  shaft — connected  load: — 

One   12   in.  x   60   ft.  elevator 

One   16  in.  x  30  ft.  belt  conveyor 
Belted  to  a  6   ft.  shaft  driving  a  Joshua  Hendy   Iron  Works  24x12  in.  roll  gypsum  crusher 
Each  coupled  to  a  6  ft.  shaft  driving  two  5  ft.  6    in.  x  22  ft.  tube  mills 
Coupled  to  a  45  ft.  shaft,  to  which  is  belted  a    05   ft.  countershaft — connected  load: — 

Six  finish  ball  mills 

Six  5'/2x22  ft.  finish  tube  mills 

One  14  in.  x  75  ft.  screw  conveyor 

One  14  in.  x  200  ft.  screw  conveyor 

One   14  in.  x  400  ft.  belt  conveyor 

Friction  load,  motor  and  shafting,  120  hp.      Average  load  for  one  ball  mill,  2S  hp.     Average  load  for  one  tube  mill, 
S8    hp. 
1  75  690  Belted  to  a  10  ft.  shaft  and  a  50  ft.  countershaft — connected  load: — 

Two  14  in.  X  300  ft.  screw  conveyors 

One  14  in.  x  40  ft.  screw  conveyor 

Five  S.  Howes  packers 

One  elevator 
1  10  1120  Belted  to  a  shaft — connected  load: — 

One  8x8  ft.  cylindrical  bag  cleaner 

Two  sewing  machines 

LABORiTOIlY 
1  H  1700  Belted  to  a  Starke  No.  112  centrifuge 

1  5  1700  Belted  to  a  10  ft.  shaft — connected  load: — 

One  small  grinder 

One  small  crusher 

One  small  mixer 

REPAIR  SIIOP 
1  1.')  1120  Belted  to  a  66  ft.  shaft — connected  load: — 

One  36  in.  hack  saw  One  24   in.  engine  lathe 

One  14   in.  cut  off  saw  One  20  in.  engine  lathe 

One  12  in.  hack  saw  One  20  in.  shaper 

One   20   in.  drill  One  pipe  threader 

One  24  in.  drill  One  small  forge  blower 

POWER  CONSUMPTION— 1912 
Bbls.  of  Cement 

Month              Kw-Hrs.         Bbls.  of  Clinker  Burned        Manufactured                 Month  Kw-Hrs.         Bbls 

Januarv 49  066                         July 243  200 

Febru,l"rv    ....       443  733                           24383        August 421333 

March 45  S66                         September.    .    .    .  9S:i  466 

April 1209  600                            66  659                           60  498        October 1476  266 

May 1  530  666                          76  167                         63  211        November.    ...  1  642  666 

June 754  133                          38  332       December.    .    .    .  1534  933 

PLANT  C 

This  plant  has  a  rated  capacity  of  2  000  bbls.  of  cement  per  24  hrs.      Electrically  operated  quarries  supply  the  raw  material  which  is  brought 
to  the  plant  bv  steam  power.     An  average  of  200  men  are  employed  working  two  10-hr.  shifts,  6  days  per  week.  ■      u         i. 

An  aggregate  of  2  4  02  horjc-power  in  induction  motors  is  installed,  having  a  load  factor  of  60.5  percent.     The  supply  source  is  three-phase, 
550   volts,   60   cycles.     The   electrical   energy   consumption   per  barrel   of   cement  manufactured  is  2S  k\v-hrs. 

MOTOR  APPLICATIONS 
QUARRIES 

-Application 
Belted  to  a  Chicago  Pneumatic  Tool  Co.  air  compressor  to  supply  air  for  drills 
Geared  to  a  drum  which  operates  a  car  haul. 

CLAY  DRYING  AND  GRISUIXQ 

Belted  to  a  15  ft.  shaft  and  a    15  it.  countershafts-connected  load: — 

One  set  24x24   in.  rolls 

One  14  in.  X  45  ft.  clay  elevator 

One  6x45  ft.  rotary  dryer,  9   r.p.m. 
Belted  to  a  5  ft.  shaft  and  24    ft.  countershaft — connected  load: — 

Two  10  in.  X  40  ft.    screw  conveyors 

One  14   in.  x  35  ft.    bucket  elevator 

One  10  in.  x  110  ft.  screw  conveyor 

Two  12  in.  X  35  ft.  elevators 

Two  Newago  screens 

ROCK  DRTIXO  AND  HIXDIXG 
850  Squirrel  Cage         Belted  to  a  Power  Mining  i  Machinery  Co.  No.  6  gjTatory  rock  crusher,  aiso  one  14  in.  i  65  ft.  bucket 

elevator 
1130  Squirrel  Cage         Belted  to  a  12  ft.  shaft  and  a   12  ft.  countershaft — connected  load: — 

One  6x46  ft.  rotary  dryer 

One  14  in.  x  36  ft.  bucket  elevator 

One  24   in.  x  50  ft.  horizontal  pan  conveyor 
S50  Squirrel  Cage         Each  belted  to  a  Williams  pulverizer,   motor  pulley   12x24   in.,   driven  pulley  12x20  in.,  fl\-Kheel  on  mill 

29  in.   diam.,  rim   6   in.  x  3  '«    in. 
860  Squirrel  Cage         Each  coupled  to  a  short  sh:ift  whirh  is  geared  to  a  bail  mill,  8  ft.  diam..  22  r.p.m. 


Bbl 

s.  of  Cement 

linker  Burned 

Ma 

nufactured 
31  586 
21  924 

65  260 

36  698 

68  965 

69  890 

70  309 

60  620 

62  600 

46  SIS 

No. 

1 
1 

Hp. 
75 
30 

R.P.M. 

850 
1120 

Type 
Squirrel  Cage 
Squirrel  Cage 

1 

20 

1120 

Squirrel  Cage 

1 

50 

850 

Squirrel  Cage 
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1  200  6ii0 

1  150  S60 

1  1?.5  580 

1  16  550 


1    20    870 
1    60    850 


1    75    900 


30    850 


3 
4 

1 
1 
1 
1 

1 

1 
1 

75 

1(10 

125 

150 

10 

20 

20 

20 

30 

860 
680 
575 
570 

1130 
860 

1130 
850 

1120 

1 
1 
1 
1 

15 
15 
20 
60 

1120 

1120 

1120 

850 

1 
1 
1 

2 
10 
20 

1700 

580 

1130 

Mor 

ith 

February.     .     .     . 
March 

April. 
May. 

It  AW  TUBE  MILLS 
Squirrel  Cage  Belted  to  a   CV4''20   ft.  tube  mill,  24  r.p.m. 

Squirrel  Cige  Coupled    to   a   6^x20    ft.   tube   mill,  24  r.p.m. 

Squirrel  Cage  Duplicate  of  last  drive 

Squirrel  Cage  Belted  to  a  4  ft.  shaft  and  6  ft.   countershaft — connected  load; — 

One   10   in.  X   100   ft.   screw   conveyor 

One  12  in.  x  75  ft.  bucket  elevator 

One   10   in.  x   50  ft.   screw  conveyor 

KILy  ROOM 

Slip  Ring  Belted  to  a  8x120  ft.  kiln  1  1/3   r.p.m. 

Motor  also  drives  one  10  in.  x  20  ft.  screw  conve\or 
Squirrel  Cage         Belted  to  a  50  ft.  shaft — connected  load: — 

Two  8x120  ft.  rotary  kilns 

Two   10  in.  X  20  ft.  screw  conveyors 

Two  6  in.  X  35  ft.  bucket  elevators  •   ' 

Squirrel  Cage         Belted  to  a  Roots  size  6  Va   positive  blower,  170  r.p.m. 

FIXISU  MILL 
Squirrel  Cage         Belted  to  a  25  ft.  shaft  and  a   20  ft.  countershaft — con!;ected  load: — 

One   14   in.  x  75   ft.  pan    conveyor 

One   14   in.  x  25  ft.  bucket   elevator 

One   14   in.  x  30  ft.  bucket  elevator 

One   6x45    ft.    rotary   dr;er,    4  r.p.m. 
Squirrel  Cage  Belted  to  a  50  ft.  shaft — Kionnected  load: — 

Three    Newago   screens 

One  10  in.  x  30  ft.  screw  conveyor 
Squirrel  Cage  Each  belted  to  a  Sturtevant  Mill    Co.   ring  roll   mill 

Squirrel  Cage  Each  coupled  to  a  short  countershaft  and  geared  to  a  6^2X20  ft.  tube  mill,  24  r.p.m. 

Squirrel  Cage  Duplicate   of  last  drive 

Squirrel  Cage  Belted  to  a  6%x20  ft.  tube  mill,    24   r.p.m. 

Squirrel  Cage  Belted  to  an   8   ft.  shaft  driving   a  hopper  type  grinder  for  grinding  gj-psum 

Squirrel  Cage  Belted  to  a  10  ft.  shaft  driving   a  14  in.  x  25  ft.  bucket  elevator 

Squirrel  Cage         Belted  to  a  10  ft.  shaft,  driving  one  Newago  screen 
Squirrel  Cage  Belted  to  a  14  in.  x  35  ft.  bucket  elevator 

Squirrel  Cage  Belted  to  a  5  ft.  shaft — connected  load: — 

One  12  in.  X  200  ft.  screw  conveyor 

One  12  in.  x  100  ft.  screw  conveyor 
Squirrel  Cage  Driving  a  14  in.  x  45  ft.  bucket  elevator  and  a  12  in.  x  50  ft.  screw  conveyor 

Squirrel  Cage  Belted  to  a   Gates  4-bag  sacker,    motor  pulley  12x10  in.,  driven  pulley  14x16  in. 

Squirrel  Cage         Duplicate  of  last  drive 
Squirrel  Cage  Belted    to    shafting — connected  load: — 

Two  12  in.  X  100  ft.  screw   con\eyors 

Two   14   in.  X  4  2  ft.  bucket   elevators 

One  12  in.  x  30  ft.  screw  conveyor 

One  12  in.  X  50   ft.  screw  conveyor 
Squirrel  Cage  Belted  to  a  National  sack  filling   machine 

Squirrel  Cage  Belted  to  a  12   ft.  shaft  driving   a  two-cylinder  horizontal  oil  pump 

Squirrel  Cage  Drives  machine  shop 

POWER  CONSUMPTION — 1912 
Bbls.  of  Cement 

Kw-Hrs.         Bbls.  of  Clinker  Burned        Manufactured                 Month  Kw-Hrs.         Bbls.  of  Clinker  Burned 

277  785                              12  168                             10  076         June 812  645  26  378 

602  600                            27  825                           15  691        Julv 1321530  38  794 

963  620                            43  310                           29  773        August 831160  23  287 

702  840                          21145                         30  796        September.    .    .    .  720  050  24  482 

779  015                          21643                         35  782        October 1112  725  46  163 


Bbls.  of  Cement 
Manufactured 
37  613 
67  836 
34  326 
26  221 
45  7tS 


Shop  Testing  of  Electrical  Apparatus — XIII 


ROTARY  CONVERTERS 


THE  rotary  converter  has  the  same  general 
Structure  as  a  direct-current  generator,  with 
the  addition  of  taps  from  the  armature  wind- 
ing to  the  shp  rings,  and  the  same  preliminary  examin- 
ations of  bearings,  armature,  commutator  and  con- 
nections should  be  made.  The  settings  of  the 
brushes  and  brush-holders,  the  polarity  of  the  field 
coils,  and  the  adjustment  of  the  commutating  field 
strength*  should  be  checked  carefully. 

The  data  obtained  from  tests  taken  on  a  stan- 
dard 500  kilowatt,  60  cycle,  six-phase,  eight-pole, 
6cxD  volt  rotary  converter  will  be  used  throughout 
this  article  to  illustrate  the  various  tests  described 
and  the  determination  of  the  performance  from  the 
results  obtained. 

RESISTANCES. 

The  resistances  for  the  armature  and  series  field 
were  measured  with  the  Kelvin  double  bridge.  The 
resistance  of  the  shunt  field  was  measured  by  the 
Wheatstone  bridge  and  was  also  taken  by  the  volt- 
ammeter  method.     This  latter  reading  is  used  in 


*See  the  Journal  for  April,  '13,  p.  370. 


connection  with  the  last  reading  of  the  voltage  drop 
across  the  field  at  the  end  of  any  temperature  test 
to  determine  the  rise  in  temperature  of  the  shunt 
windings  during  the  test,  as  the  bridge  reading 
which  is  taken  after  shut-down,  should  show  a 
slightly  lower  resistance  and,  therefore,  not  the  max- 
imum temperature  that  existed  at  the  end  of  the 
test.  The  resistances  as  measured  are  given  in  Table 
I.  For  calculating  the  rise  in  temperature  of  the 
rotating  copper,  it  is  frequently  more  convenient  to 
measure  the  voltage  drop  across  the  slip  rings,  using 
the  same  rings  for  both  cold  and  hot  resistances. 
The  rings  of  a  rotary  converter  are  usually  num- 
bered from  the  winding  outwards;  and  in  order  to 
make  practice  uniform  and  to  obtain  the  maximum 
value,  the  resistance  should  be  taken  between  rings 
I  and  5,  of  two  and  three-phase  machines,  and  be- 
tween   rings    /  and  4  of    six-phase   machines. 

Since  the  heating  in  the  armature  copper  is  due 
to  the  difference  between  the  alternating  and  direct 
current  in  the  coils,  the  copper  loss  cannot  be  calculated 
on  the  same  basis  as  that  of  either  a    direct    or    an 
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alternating-current  machine.  The  equivalent  heat- 
ing effect,  however,  can  be  determined  by  means  of 
a  percentage  factor,  which  will  be  referred  to  as  K, 
and  may  be  defined  as  the  ratio  of  the  heating  in 
the  armature  of  a  converter  operating  as  such,  to  the 
heating  in  the  same  machine  operating  as  a  direct- 


FIC.    I — A    2  000    KILOWATT,    6oO    VOLT,    6o    CYCLE,    COMMUTATINC- 
POLE  ROTARY   CONVT.RTER 

Temporarily  set  up  for  an  engineering  test. 

current  generator  at  the  same  output.  A  number 
of  curves  are  plotted  in  Fig.  2  showing  this  ratio  for 
the  average  heating  and  also  the  heating  at  the  tap 
coils  of  rotary  converters  for  different  power-fac- 
tors.* Assuming  three  percent  rotational  losses,  the 
percentage  factor  K  for  the  average  heating  in  the 
armature  is  given  in  Table  II,  for  power-factors  at 
the  limits  of  the  curves  of  Fig.  i. 

PRELIMINARY  INSPECTION 

The  rotary  converter  is  belted  to  a  direct-cur- 
rent motor  of  sufficient  capacity  to  run  the  machine 
with  losses  up  to  20  percent  over-voltage,  and  a 
thorough  mechanical    inspection    made.     The    ma- 

TABLE    I— RESISTANCES 


Winding 

Ohms  at 
22.5  degrees 

Ohms  at 
2.")  degrees 

C. 

Armature  Between  Brushes 

0.0123il 

0.0125 

Armature  Between  Rings,  1-4 

0.01287 

0.0130 

Series  Field 

0.001 2ti4 

0.001277 

Shunt  Field  (Bridge) 

7(i.00 

7t).r>0 

Shunt  Field  (Volt-ammeter) 

75.65 

7i'.27 

•Room  Temperature  21.S  Degrees  C. 

chines  are  then  started  slowly,  observing  that  all 
parts  revolve  freely  and  that  the  oil  rings  are  turning 
properly. 

The  brushes  of  the  converter  should  be  set  on 
the  approximate  neutral,  and  the  field  so  excited  as  to 
give  20  percent  over-voltage  at  the  terminals  of  the 
machine.  The  excitation  is  gradually  increased, 
watching  continually  for    signs    of    short-circuited 

*See  the  Journal  for  Sept.,  1913,  p.  882. 


coils  or  commutator  bars,  and  the  over-voltage  is 
held  on  the  machine  several  minutes  to  give  even 
slight  defects  time  enough  to  show  up.  The  con- 
verter should  then  be  run  on  short-circuit  to  season 
the  commutator.*  In  cases  where  the  mica  has  been 
undercut,  the  final  depth  after  grinding  must  be  not 


FIG.  2 — HEATING  OF  THE  ARMATtJRE  OF  A  ROTARY  CONVERTER. 
OPERATING  AS  SUCH,  COMPARED  WITH  ITS  HEATING  WHEN 
OPERATING    AS    A    DIRECT-CURRENT    GENERATOR 

Solid   lines    represent   average  heating   and   dotted   lines 

that  of  the  tap  coils. 

I — 2  rings                 V — 4  rings  IX — 12  rings 

II — 2  rings                VI — 4  rings  X — 12  rings 

III — 3  rings             VII — 6  rings  XI — Direct  Current 
IV — 3  rings            VIII — 6  rings 

less  than  one-sixteenth  of  an  inch  from  the  surface 
of  the  commutator. 

VOLTAGE  RATIOS 

In  order  to  determine  whether  the  various  taps 
are  connected  properly,  readings  of  voltages  be- 
tween rings  are  taken,  while  the  voltage  on  the  di- 
rect-current side  is  held  constant.  The  voltage  be- 
tween phases  should  balance  up  exactly;  on  a  two- 
phase  machine  the  phases  should,  be  across  rings  1-3 
and  2-4;  on  a  six-phase  machine,  if  diametrically 
connected,  the  phases  should  be  across  rings  I-4, 
2-5  and  3-6,  and  if  double  delta  connected,  one  delta 
should  be  on  rings  1-3-5  and  the  other  on  rings  2-4-6. 

T.\B1.E  II— K  FOR  AVERAGE  ARM.\TURE 
HEATING 


Xo.  of  Rings 


K  at  70.7     ]      K  at  100 

Percent      '       Percent 

Power-Factor  j  Power-Factor 


Percent      I 
Power-Factor 
at  which 
K=Uiiity    I 


1  Phase, 

2  Rings 

3.051 

3  Phase, 

3  Rings 

1.S47 

2  Phase, 

4  Rings 

1.452 

6  Phase, 

6  Rings 

1.201 

1 2  Phase 

12  Rings 

1.087 

1.45 

0.587 

0.3S9 

0.274 

0.2069 


87.0 
80.0 
75.5 
72.0 


The  ratios  of  alternating  to  direct  voltage  for 

converters    of    the  number   of    phases  indicated    are 

given  in  Table  III.     These  ratios  are  determined 

by  the  formula, 

. ,,         ,.  f      direct  e.m.f.^.„  180° 

Alternating  e.m.f.= —  -      sin.    >-— 

1.41^  IN 

where  N  =  the  number  of  rings  of  the  converter. 
The  ratios  as  actually  read  may  differ  slightly  from 

*See  the  Journal  for  April,  1913,  p.  371. 
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those  given  in  Tabic  III,  depending  on  variations  on  the  converter  to  give  normal  voltage;  this  should 

in  wave  form  for  different  machines.     A  complete  bring  it  approximately  into  synchronism.     If  it  does 

set  of  voltage  readings  is  given  in  Table  IV,  with  not,  any  convenient  load,  such  as  a  small  direct-cur- 

600  \olts  on  the  direct  current  side.    These  values  rent  load,  should  be  added  until  synchronous  speed  is 


FIG.    3 — GR.APHIC    REPRESENTATION    OF    VOLTAGES    BETWEEN    EACH 
PAIR   OF    RINGS    OF    A    SI.\-PHASE   ROTARY    CONVERTER 

may  be   more   clearly  appreciated   if  considered  in 
connection  with  such  a  diagram  as  Fig.  3. 

STARTING   TESTS 

Rotary  converters  are  started  by  one  of  three 
methods : — 

By  a  Small  Induction  Motor — The  starting  motor 
has  one  pair  of  poles  less  than  the  converter  and  must 
have  sufficient  starting  torque  to  start  the  machine 
from  rest.  The  motors  are  of  the  constant  speed 
type  with  such  a  slip  that  the  no-load  losses  of  the 
converter  will  be  sufficient  to  load  the  starting  motor 
to  the  point  where  it  will  drive  the  converter  at  ap- 
proximately synchronous  speed. 

TABLE  III— VOLTAGE  R.\TIOS— DIRECT 
VOLTAGE=UNITV 


No.  of  Phases 


No.  of  Rings 

Voltage  between 
Successive  Rings 

Phase  Voltage 


0.707 
0.707 


6  16  I 

Diamet-  Double 
rical     I    Delta 


I 


0.612 
0.612 


0.50 
0.707 


0.3.53 
(1.707 


6 

0..353 
0.612 


TABLE  IV— VOLTAGE  READINGS 


Between 
Rings 

Voltage 

Between 
Rings 

voltage   jB^-r 

Voltage 

1 

1-2       '     216 
1-3            371.2 
1-4            428 
1-5            371.2 
1-6            216 

2-3 
2-4 
2-5 
2-6 
3-4 

216                3-5 
371.2             3-6 
428                4-5 
371.2             4-6 

216                5-6 

1 

371.2 

428 

216 

371.2 

216 

In  testing  a  starting  motor  the  connections  as 
given  in  Fig.  4  should  first  be  checked  carefully  and 
the  line  switches  for  the  motor  then  closed.  The  line 
voltage  is  increased  gradually  until  the  converter 
starts,  readings  being  taken  of  starting  volts  and  am- 
peres at  the  point  of  starting,  this  procedure  being  re- 
peated several  times  as  a  check.  The  outfit  should 
then  be  allowed  to  come  up  to  speed  and  the  field  put 


To  A.C.  Source  ^ 

FIG.     4 — METHOD    OF    CONNECTION     USED     IN     TESTING    A     ROTARY 
CONVERTER    STARTING    MOTOR 

obtained  and  note  made  of  the  additional  load  re- 
quired. The  minimum  starting  motor  voltage  at 
which  the  converter  can  be  synchronized  should  also 
be  found.  With  the  outfit  at  synchronism,  a  reading 
of  watts,  amperes  and  volts  on  the  driving  motor 
should  be  made. 

As  an  Induction  Motor,  with  Auto-Transformers 
— Converters  started  according  to  this  method  are 
termed  self-starting.  The  starting  tests  are  taken  in 
the  same  manner  as  outlined  under  starting  tests  on 
synchronous  motors.  The  field  may  be  short-cir- 
cuited on  itself,  or  may  be  left  open,  but  must  not  be 
excited,  as  this  will  cause  destructive  flashing  at  the 
brushes.     If  left  open,  the  field  circuit  must  be  sec- 


FIG.    5 — .\    1000    KILOWATT,    2/0    VOLT,    6o    CYCLE,    COMMUTATING- 
POLE    SYNCHRONOUS    BOOSTER    ROTARY    CONVERTER 

Completely  assembled  and  ready  for  test. 

tionalized  by  a  double-pole  field  break-up  switch,  to 
prevent  the  generation  of  an  excessive  voltage.  This 
switch  also  serves  as  a  reversing  switch,  as  the  con- 
verter may  build  up  its  voltage  in  a  direction  contrary 
to  normal.  As  soon  as  the  converter  has  reached 
synchronous  speed,  the  field  switch  should  be  closed 
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and  the  polarity  of  the  voltage  noted;  if  incorrect,  the 
switch  is  thrown  to  the  other  side. 

In  compound  converters,  a  series  shunt  discon- 
necting switch  is  also  mounted  on  the  frame.  This 
should  be  left  open*  in  starting,  otherwise  a  circulating 
current  between  the  series  field  and  the  German  silver 
shunt  will  be  set  up  which  reacts  on  the  armature,  re- 
ducing the  starting  torque  and  causing  at  times  vicious 
flashing  at  the  commutator. 

Commutating-pole  converters  of  large  capacity 
are  equipped  with  a  brush-lifting  device  by  means  of 
which  all  the  brushes,  except  those  on  two  brush  arms, 
are  raised  when  starting.  These  brushes  merely  fur- 
nish the  voltage  necessary  to  excite  the  shunt  field,  so 
that  the  machine  can  be  synchronized.  If  all  the 
brushes  are  down  when  synchronizing,  severe  flashing 
occurs,  due  to  the  reduction  in  the  reluctance  of  the 
rotating  field  magnetic  path  by  the  steel  in  the  commu- 
tating  poles,  which  causes  a  higher  e.m.f.  to  be  induced 
in  the  armature  coils  than  would  be  the  case  in  non- 


FIG.     6 — ^METHOD     OF     STARTING     A     ROTARY     CONVERTER     FROM     A 
NORMAL   VOLT.\GE    SOURCE   BY    MEANS   OF    REACTANCE 

commutating-pole  machines.  In  starting  converters  by 
this  means  the  voltage  is  applied  and  slowly  increased 
until  the  machine  just  starts.  This  is  repeated  several 
times,  readings  being  taken  of  starting  volts  and  am- 
peres. The  converter  is  then  allowed  to  increase  in 
speed  and  the  voltage  required  to  bring  it  to  syn- 
chronism should  be  noted. 

Starting  at  Normal  Voltage  with  a  Reactance — 
For  this  method  the  connections  are  as  shown  in 
Fig.  6.  When  starting,  the  reactance  short-circuiting 
switch  and  the  field  break-up  switch  are  left  open. 
The  line  switch  is  then  closed  and  upon  reaching  syn- 
chronous speed  the  field  switch  is  closed  and  the  di- 
rect-current brushes  are  dropped,  if  the  polarity  is 
correct.  The  switch  short-circuiting  the  reactance  is 
then  closed. 

In  this  test  readings  of  primary  transformer  volt- 
age, secondary  voltage  and  voltage  across  the  react- 
ance should  be  taken  at  the  moment  of  starting.    Any 


*In  some  of  the  more  recent  types  of  converter,  it  is 
possible  to  short-circuit  the  shunt  field  on  itself  and  to 
leave  the  shunt  closed  on  the  scries  field.  This  in  many  ma- 
chines produces  severe  sparking  at  the  brushes.  Hence  be- 
fore attempting  to  start  a  converter  in  this  way,  the  operator 
should  determine  if  the  design  of  the  macliine  will  permit 
this  method.  Where  it  is  possible,  the  shunt  field  may  be 
short-circuited  at  the  switchboard,  and  no  attendance  at  the 
machine  is  necessary. 


abnormal  conditions  when  throwing  in  the  short-cir- 
cuiting switch,  such  as  rush  of  current,  flashing  at 
the  brushes,  etc.,  should  be  noted. 

Starting  from  the  Direct-Current  End — The 
machine  is  started  as  a  shunt  motor  and  then  syn- 
chronized with  the  line.  The  series  field  circuit  must 
be  open  and  a  starting  resistance  used  with  this  man- 
ner of  starting. 

CORE  LOSS  AND  SATURATION 

These  tests  are  identical  with  those  explained  for 
direct-current  motors.*  The  converter  may  be  driven 
by  a  separate  shunt  motor  or  it  may  be  operated  as  a 
shunt  motor.  The  data  given  herewith  was  obtained 
by  the  former  method.  Readings  from  zero  to  125 
percent  normal  voltage  are  taken  of  volts,  amperes 
and  field  current  on  the  driving  motor  and  speed, 
field  current  and  volts,  both  alternating  and  direct,  on 
the  converter  The  increase  in  driving-motor  current 
at  any  point  over  the  value  at  zero  field  current  on 
the  converter  is  that  due  to  the  core  loss  at  that  point. 
This  difference  multiplied  by  the  motor  voltage  there- 
fore equals  the  core  loss  in  watts. 

It  is  frequently  the  case  that  a  non-adjustable 
direct-current  source  or  an  adjustable  source  of  in- 
suflicient  voltage  is  used  to  excite  the  converter  field 
and  therefore  the  excitation  is  limited.  Where  higher 
voltages  are  desired,  the  converter  may  be  self-excit- 
ing. The  last  four  points  in  this  test  were  taken  in 
this  manner,  as  indicated  in  Table  V.  Accordingly 
the  loss  measured  is  in  excess  of  the  core  loss  by  an 
amount  equal  to  the  copper  loss  in  the  field.  The 
proper  correction  is  made  by  subtracting  from  the 
total,  the  product  of  the  converter  volts  and  its  field 
amperes. 

The  brush  friction  is  determined  by  finding  the 
difference  in  driving  motor  input  with  brushes  down 
and  brushes  up.  A  check  reading  is  taken  with  nor- 
mal field  and  brushes  up  on  the  converter.  The  differ- 
ence in  driving  motor  input  without  field  and  with 
field,  the  brushes  being  up,  will  equal  the  core  loss 
and  should  check  the  corresponding  point  with 
brushes  down  if  there  are  no  circulating  currents  in 
the  short-circuited  coils  under  the  brushes. 

The  friction  and  windage  loss  equals  the  decrease 
in  driving  motor  input  with  the  brushes  up  on  the 
converter  and  with  the  belt  off.  Complete  readings 
together  with  the  resultant  data  are  given  in  Table  V. 
The  core  loss  and  voltage  saturation  cnrxts  are  given 
in  Fig.  7. 

ALTERNATING-CURRENT    SATURATION 

The  short-circuit  test  is  taken  to  obtain  the  syn- 
chronous impedance  with  the  armature  short-circuited 
on  the  alternating-current  side,  and  can  only  be  made 
with  a  separate  driving  motor.  The  armature  is  short- 
circuited  through  series  transformers,  so  arranged 
that  the  current  in  each  phase  may  be  read.  The 
brushes  should  be  down  on  the  direct-current  end. 


♦See  the  Journai.  for  April,  1913.  p.  379. 
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The  test  is  taken  in  the  same  manner  as  on  an  alter- 
nating-current generator,*  with  the  exception  that 
the  input  to  the  driving  motor  is  not  read.  The  read- 
ings for  this  test  are  given  in  Table  VI  and  the  corre- 
sponding curve  in  Fig.  7.  The  locked  saturation  test 
for  a  rotary  converter  is  taken  in  the  same  manner  as 
for_  synchronous  motors.* 

VOLTAGE  CONTROL 

The  voltage  regulation  on  rotary  converters  can 
only  be  correctly  obtained  when  the  entire  equipment 
of  transformers  and  reactance  is  tested  with  the  ma- 
chine. The  adjustment  generally  required  is  that  of 
constant  terminal  voltage  from  no-load  to  full-load  on 


potential  regulator  to  vary  the  alternating-current 
voltage ;  or  by  using  an  alternating-current  booster  on 
the  same  shaft  as  the  converter  armature  and  con- 
nected in  series  with  the  alternating-current  lines. 

A  compound-wound  converter  operating  with  re- 
actance may  be  compounded  in  the  same  manner  as  a 
direct-current  generator.  Unless  otherwise  specified 
the  supply  voltage  should  be  held  constant  and  the  con- 
verter shunt  field  adjusted  to  give  the  correct  voltage 
at  no  load;  then  with  this  same  adjustment  full  load 
is  put  on  the  machine.  If  it  over-compounds,  the 
series  field  is  too  strong  and  gives  too  large  a  leading 
current  in   the   feeder  lines,*   in   which  case  a  shunt 


TABLE  V— CORE  LOSS  AND  SATURATION  DATA 


Driving  Motor 

Rotary  Converter 

Line 
Volts 

Field 
Amps. 

Line 
Amps. 

ri,=r,„».  ;„          Watts  Core  Loss= 
Amperes           TimesVolts    (110) 

1                        ; 
„    „  -,            Direct       1  Alternating |        Field 
K.  f.  ivi.         Voltage      1      Voltage          Current 

2) 
(3) 

4) 
(5) 

¥\ 
7) 

\^\ 
(9) 

ooooooooo 

5.98 
5.90 

112 
115 
121 
130 
142 
156 
165 
176 
189 

904 
902 
901 
896 
900 
902 
900 
900 
901 

1 
10                 0 

100                   64                 0.70 
200                  140                   1.38 
300         1         212                   2.05 
400                  284                   2.88 
.500                  3.56                   3.8 
5.50                  393.6               4.4 
600                  428                  5.1 
650                 461.2       1        5.9 

2)-Cl)=  3 
3)-  -(1)=  9 
4)-(l)=18 
5)-(l)=30 
6)-(l)=44 
7-(l)=53 
8)-(l)=64 
9)-(l)=77 

330 
990 
1980 
3300 
4840 
5830 
7040 
8470 

Converter  Self-Excited — Annature  in  Series  with  500  Volt  Line. 

(10) 

12) 

13) 
(1) 

no 
no 
no 
no 
no 

5.85 
5.75 
5.98 

235        (10)— (1)=123 
250        (11)— (1)=138 
264      1  (12)— (1)=1.52 
279        (13)— (1)=167 
112        Check  on  (1) 

13.520—1370*=  91.50           901 
15180— 4970*=10219            902 
16720-5620*=11100            903 
18390— 6380*=12010            902 
899 

675 
700 
725 
750 
10 

478                 6.48 
494                  7.1 
510                 7.75 
527                  8.5 
0 

Commutator  Cleaned  and  Oiled. 

14 

no 

5.98 

108 

899                     10                  0 

All  Direct-Current  Brushes  Up — No  Field. 

15 

no 

5.98 

100        (14)— (15)=  8 

Brush  Friction    880 

902 

0                      0                0 

All  Direct-Current  Brushes  Up  with  Field. 

16          110 

5.90           163 

901 

0                     0 

■ 

5.1 

Belt   Off. 

17 

no      !     5.98 

10        (15)— (17)=90 

Friction  and  Windage 
9900 

1 

*These  readings  were  taken  with  the  converter  self-excited  and  the  field  losses  are  subtracted  accordingly  in 

calculating  the  core  loss. 


the  direct-current  side.  As  the  value  of  the  terminal 
voltage  for  any  given  load  and  power-factor  is  de- 
pendent on  the  value  of  the  alternating  voltage  applied 
to  the  slip  rings,  any  change  in  the  former  must  be  ac- 
complished by  changing  the  latter ;  this  can  be  accom- 
plished by  adjusting  the  shunt  field  for  each  change 
in  load,  or  using  a  compound-wound  machine  in  con- 
nection with  the  reactance  of  the  line  and  transformer, 
using  reactance  coils  to  supply  the  same  effect  when 
running  directly  from  a  generator;  by  the  use  of  a 

♦See  the  Jouknal  for  Nov.,  1913. 


must  be  adjusted  across  the  series  winding.  In  this 
compounding  test  all  readings  are  taken  and  all  ad- 
justments made  without  changing  the  field  rheostats 
after  the  no-load  adjustment  is  obtained. 

METHODS  OF  LOADING 

A  rotary  converter  can  be  loaded  by  either  of  two 
methods : — 

Actual  Pozvcr  Load — In  this  method  the  machine 


*See  article  on  "Voltage  Regulation  of  Compound  Ro- 
tary Converters"  by  Jens  Bache-Wiig,  in  the  Journal  for 
Nov.,  '10,  p.  860. 
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is  operated  as  a  standard  or  as  an  inverted  rotary 
converter  in  accordance  with  the  manner  in  which  it 
will  run  in  service  and  the  source  of  power  must  have 
sufficient  capacity  to  supply  the  entire  load  and  over- 
load of  the  converter.  When  running  from  alternat- 
ing to  direct  current,  the  alternating  voltage  is  ad- 

TABLIC  VI— ALTERNATING-CURRENT— 
SHORT-CIRCUIT  SATURATION 


Short-Circuit  Amperes 
Field  Current 


138 
0.78 


200 
1.17 


277 
1.65 


415 
2.46 


554 
3.28 


justed  to  obtain  the  normal  voltage  in  the  direct-cur- 
rent side  at  no  load  and  the  shunt  field  then  adjusted 
to  give  the  minimum  armature  current.  When  run- 
ning the  machine  from  direct  to  alternating  current, 
normal  voltage  is  held  on  the  direct-current  side  and 
the  shunt  field  is  adjusted  to  give  the  rated  speed. 

Loading  Back  Method — The  losses  in  this  method 
can  be  supplied  for  both  machines  from  either  the 
direct  or  the  alternating-current  side  or  both  as  may 
be  desired.  The  connections  between  the  machines 
may  consist  of  complete  metallic  circuits  or  the  alter- 
nating-current sides  may  be  connected  together 
through  transformers.  In  the  former  method,  cir- 
culating current  is  provided  by  an  induction  regulator 
in  the  alternating-current  side,  and  a  careful  adjust- 
ment of  resistance  is  necessary  in  the  direct-current 
lines  to  avoid  a  circulation  of  current  through  one 
side  of  the  circuit,  via  the  alternating  leads,  which 
does  not  pass  through  the  meters  in  the  other  direct- 
current  lines.  To  avoid  this  possibility,  it  is  desir- 
able to  connect  transformers  of  a  i  :i  ratio  in  the  al- 
ternating-current lines.     The  load  may  then  be  pro- 
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FIG.  7 — CLRVES  SHOWING  NO-LO.\D  S.\TURATION,  BOTH  DIRECT 
AND  ALTERKATIN'G-CURRENT,  SHORT-CIRCUIT  ALTERNATING- 
CURRENT    S.^TUR.'VTION    AND   CORE-LOSS 

vided  by  induction  regulators,  or  by  a  booster  in  the 
direct-current  lines,  as  shown  in  Fig.  8.  This  latter 
method  is  the  one  usually  preferred,  on  account  of 
the  ease  with  which  the  load  can  be  controlled,  the 
anore  stable  conditions,  and  the  entire  absence  of  any 


circulating  currents  which  would  not  be  indicated  by 
the  direct-current  meters 

The  losses  in  this  test  are  usually  supplied  partly 
from  the  direct-current  side  and  partly  from  the  al- 
ternating-current side,  the  speed  and  alternating-cur- 
rent voltage  being  controlled  from  the  alternating- 
current  power  supply,  and  the  load  being  controlled 
by  a  booster  in  the  direct-current  line.  When  the  ma- 
chines are  compound  wound  it  is  necessary  to  reverse 
the  series  field  of  the  machine  running  as  an  inverted 
converter. 

The  machines  are  connected  as  in  Fig.  8,  with  the 
brushes  set  on  the  no-load  neutral.  Then,  after  a 
careful  check  on  all  wiring  and  connections,  the  ma- 


Tft  0  C  So««t 


FIG.    8 — DIAGRAM    OF   CONNECTIONS    FOR   LOADING    A    ROT.\RY    CON- 
VERTER BY  THE  LO.\DING  B.\CK    METHOD 

chines  are  brought  up  to  speed,  the  frequency  and 
voltage  are  adjusted  to  their  respective  rated  values 
and  the  shunt  field  excitation  is  adjusted  for  the 
minimum  armature  current  input.  When  the  ma- 
chines are  ready  to  be  paralleled  on  the  direct-current 
side,  the  booster  field  circuit  should  first  be  closed  and 
voltage  readings  taken  to  determine  that  the  booster 
is  increasing  the  voltage  to  the  machine  that  is  run  as 
an  inverted  rotary  converter,  so  that  after  the  ma- 
chines are  paralleled,  the  current  will  circulate  in  the 
proper  direction ;  the  voltage  output  of  the  standard 
converter  being  considerably  lower  than  the  voltage 
input  to  the  inverted  converter.  The  field  circuit  on 
the  booster  should  then  be  opened. 

The  negative  sides  of  the  two  machines  being 
connected  directly  together  and  the  positive  sides  open, 
the  voltage  on  each  machine  should  be  carefully 
checked  between  the  negative  line  and  the  jaws  of  the 
paralleling  switch;  the  voltage  across  the  standard 
machine  should  be  slightly  higher  than  that  on  the  in- 
verted machine.  The  paralleling  switch  and  the  booster 
field  switch  are  then  closed  and  the  booster  field 
gradually  increased  until  the  desired  load  current  is 
flowing  between  the  two  machines. 

When  starting,  the  standard  converter  voltage  is 
higher  than  that  of  the  inverted  machine,  but  when 
loaded  the  reverse  is  true.  The  brushes  should  be  set 
on  the  full-load  neutral  position,  this  being  the  same 
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as  the  no-load  position  on  commutating-pole  con- 
verters, but  a  slight  lead  being  required  on  non-com- 
mutating-pole  machines,  operating  normally. 

A  reading  is  taken  of  the  input  to  the  alternating- 
current  side  of  the  standard  machine  and  the  shunt- 
field  excitation  is  then  varied  up  and  down,  main- 
taining the  output  constant,  to  determine  whether  the 
input  current  is  the  minimum  for  that  load.  If  the 
minimum  current  is  obtained  with  a  different  shunt- 
field  current  than  that  required  at  no-load  the  adjust- 
ment of  series  field  strength  is  incorrect. 

Loading  on  Another  Line — With  this  method  of 
loading,  it  is  generally  advisable  on  the  test  floor,  to 
use  a  booster  on  the  direct-current  side  to  regulate 
the  load.  The  connections  for  such  a  test  are  shown 
in  Fig.  9.  With  the  direct-current  circuit  open  the 
shunt-field  current  is  adjusted  for  minimum  arm.ature 
current  at  no  load.     The  machine  is  then  paralleled 


To  A.C.  Line 


■  To  D.C.  Source 


+  To  D.C.  Source 


FIG.     9 — CONNECTION     DIAGRAM     FOR     STARTING     A     ROTARY     CON- 
VERTER  FROM   THE  DIRECT-CURRENT   END 

with  the  direct-current  power  circuit  and  the  test  con- 
ducted in  the  same  manner  as  when  using  a  similar 
machine  for  load. 

INVERTED  ROTARY  CONVERTERS 

The  speed  of  the  standard  converter  is  controlled 
entirely  by  the  frequency  of  the  circuit  from  which  it 
is  operating,  while  the  inverted  rotary  converter  is 
similar  to  a  direct-current  motor  in  that  the  speed  is 
controlled  by  the  field  strength  entirely.  Because  of 
this  the  frequency  of  the  alternating-current  will  vary 
over  the  different  values  of  load,  more  particularly  if 
the  machine  is  compound  wound,  and,  moreover,  as 
the  field  strength  is  reduced  by  the  presence  of  a  lag- 
ging current  in  the  alternating-current  load,  an  induc- 
tive load  will  produce  very  unstable  conditions  in  the 
converter  and  may  even  weaken  the  field  to  an  extent 
which  will  cause  the  armature  to  acquire  a  dangerous 
speed  It  is  for  such  cases  that  over-speed  devices  are 
installed  on  converters  to  trip  the  circuit  breakers  in 
the  direct-current  circuits,  should  the  speed  exceed 
the  safe  value  for  which  they  are  adjusted. 

In  most  cases  where  rotary  converters  are  used 
inverted,  they  are  equipped  with  a  separate  exciter 
direct-connected  to  the  converter  shaft.     The  exciter 


is  designed  to  operate  normally  quite  low  on  its  satu- 
ration curve  so  that  when  the  converter  speed  in- 
creases the  e.xciter  voltage  increases  in  greater  pro- 
portion, thus  increasing  the  converter  excitation  and 
tending  to  keep  the  speed  normal. 

Inverted  converters  are  operated  with  series 
fields  almost,  if  not  entirely,  short-circuited.  The 
tests  are  the  same  as  for  standard  converters  with  the 
additional  precaution  of  using  over-speed  devices. 

SYNCHRONOUS   BOOSTER  ROTARY  CONVERTERS 

In  this  type  of  machine  the  armature  of  a  low- 
voltage,  alternating-current  generator  is  mounted  on 
the  same  shaft  as  the  converter  and  the  various  phases 
from  the  converter  are  connected  through  this  arma- 
ture to  the  collector  rings,  so  that  the  voltage  im- 
pressed on  the  converter  may  be  increased  or  de- 
creased at  will  by  adjusting  the  booster  field.  The 
field  yoke  of  the  alternating-current  generator  is  made 


FIG.    10 — A  TYPICAL   INSTALLATION  OF   I  5OO  KW,  60  CYCLE  ROTARY 
CONVERTERS.      DIRECT     VOLTAGE     60O,      WITH      ACCOMPANYING 

TRANSFORMERS    AND    SWITCHBOARDS 

adjustable  so  that  the  field  can  be  moved  around  to 
obtain  the  proper  phase  relation  in  the  two  armatures. 

To  obtain  the  proper  phase  relation  between  the 
converter  and  its  booster  generator,  the  fields  of  both 
machines  must  be  excited  to  give  their  respective  nor- 
mal voltages  as  shown  by  the  no-load  saturation 
curves.  The  voltage  on  the  direct-current  side  of  the 
converter  should  be  held  constant  at  its  normal  value 
and  readings  taken  of  the  voltage  between  phases 
with  no  field  on  the  booster,  and  with  the  normal 
booster  field  increasing  and  also  decreasing  the  volt- 
age between  phases.  When  the  voltage  between 
phases  shows  the  same  value  of  increase  or  decrease 
from  the  normal  voltage  between  phases  with  the 
same  field  on  the  booster  in  either  direction,  the  field 
yoke  of  the  booster  is  properly  adjusted,  but  if  the 
amount  of  increase  and  decrease  is  dift'erent  the  phase 
relation  of  the  two  machines  is  not  correct  and  the 
field  yoke  of  the  booster,  which  is  usually  adjustable, 
must  be  moved  around  slightly.  The  field  circuit  of 
both  converter  and  booster  must  be  opened  when 
making  any  adjustment  of  the  booster  field  yoke. 

The  mechanical  inspection  and  electrical  tests  for 
this  type  of  converter  are  the  same  as  those  outlined 
for  the  standard  machine.    On  the  alternating-current 
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booster,  the  core  loss  and  saturation  are  the  only  tests 
taken  on  the  machine  as  a  separate  unit.  This  test 
must  necessarily  be  made  by  the  separate  driving 
motor  method.  To  obtain  the  saturation  curve  of  the 
booster  it  is  absolutely  necessary  that  the  residual 
magnetism  be  removed  from  the  field  of  the  con- 
verter as  this  will  increase  or  decrease  the  voltage  ob- 
tained on  the  booster  saturation  test.  This  can  be 
done  by  flashing  the  shunt  field  of  the  converter  with 
a  low  current  until  the  voltmeter  on  the  direct-current 
side  of  the  machine  shows  no  deflection.  These  tests 
should  be  taken  on  the  booster  in  both  directions,  and 
should  check  very  closely  with  each  other. 

TEMPERATURE   TESTS 

Temperature  tests  are  made  to  determine  the 
maximum  temperature  of  each  part  of  the  machine 
and  also  to  note  the  commutation  and  general  me- 
chanical operation  of  the  machine.  The  continuous 
temperature  run  at  normal  load  should  be  continued 
for  at  least  one  hour  after  all  parts  have  reached  an 
apparently  constant  temperature. 

To  determine  when  the  temperatures  have  be- 
come constant,  readings  of  thermometers  placed  on 
the  field  coils  may  be  taken,  as  this  part  of  the  ma- 
chine is  the  last  to  attain  a  constant  temperature. 
However,  readings  of  shunt  and  series  field  drops  are 
a  better  indication  of  this  condition. 

Overload  runs  are  usually  started  when  the  ma- 
chine is  at  full-load  temperature.  The  machine  should 
first  be  heated  up  on  full-load  until  constant  and  then 
the  load  changed  to  the  required  overload  as  quickly 
as  possible.  The  run  should  be  ended  exactly  at  tlie 
end  of  the  required  time,  as  a  difference  of  a  few  min- 
utes will  sometimes  affect  the  temperatures  materially. 

For  both  runs,  readings  are  taken  of  line  volts 
and  line  amperes  on  both  alternating  and  direct-cur- 
rent ends,  shunt  field  amperes  and  volts,  series  field 
amperes  and  series  field  potential  drop.  A  check  on 
the  power-factor  to  see  that  it  remains  at  100  percent 
during  the  test  is  taken  at  inter\'als  by  wattmeter 
readings  on  the  alternating-current  end.  The  commu- 
tator condition  should  be  noted  before  and  after  the 
test  as  well  as  the  commutation  during  the  test. 

Rotary  converters  are  usually  equipped  with  me- 
chanical oscillators  and  during  the  test  this  should  be 
adjusted  to  give  the  required  end  play.  In  operation, 
rotary  converters  are  frequently  oiled  at  the  commu- 
tators, but  as  a  test  run,  this  should  not  be  done  if 
satisfactory  operation  can  be  obtained  without  it.  If 
it  is  necessary,  however,  it  should  be  done  at  inter- 
vals of  not  less  than  two  hours  and  the  fact  should 
be  noted  in  working  up  the  test  results. 

In  taking  a  heat  run,  a  no-load  reading  should  be 
taken  at  normal  no-load  conditions  and  the  shunt  field 
adjusted  for  minimum  armature  current,  noting  as 
to  whether  the  field  current  checks  the  reading  at  the 
same  voltage  in  the  no-load  saturation  test.  If  neces- 
sary, a  shunt  is  adjusted  on  the  series  field  to  give 


minimum  current  on  the  alternating-current  end,  hold- 
ing the  shunt-field  current  at  the  same  value  as  at  no 
load.  On  continuous  runs,  readings  should  be  taken 
every  hour,  and  on  overload  runs,  every  half  hour, 
the  load  and  voltage  being  maintained  constant. 

When  the  temperatures  have  become  constant, 
the  power  supply  circuit  is  opened  and  the  machine 
allowed  to  come  to  rest,  under  load  if  possible,  noting 
the  method  and  length  of  time  of  shut-down.  Tem- 
peratures by  thermometer  are  then  taken  on  the  com- 
mutator, armature  iron,  armature  copper,  armature 
copper  at  tap  coils,  series  field,  commutating  field, 
bearings,  collector  rings  and  shunt  field.  Hot  resist- 
ance should  be  taken  as  soon  as  possible  after  shut- 
down in  the  following  order: — Series  field  without 
shunt;  commutating  field  without  shunt;  armature, 
across  rings,  and  shunt  field. 

EFFICIENCY    BY    LOSSES 

The  determination  of  the  efficiency  of  rotary 
converters  is  effected  by  calculation  of  losses  from 
the  results  of  other  tests.  The  values  of  core  loss, 
brush  friction,  friction  and  windage,  resistance  and 
temperature  data  are  used  in  this  test  to  determine 
the  losses  at  no  load  and  each  quarter  load  up  to  25 
percent  overload.  Efficiency  is  then  determined  from 
the  following  relations: — 

Let  E  =  Rated  direct  terminal  volts, 
/t  =  Terminal  amperes, 
/s  =:  Shunt  field  amperes  at  load  h. 
I  =  Total  armature  amperes  h  +  I,. 
r  =  .A.rmature  resistance  hot  or  at  60  degrees  C. 
r<,  ^  Equivalent  armature  resistance  rxk. 

(For  value  of  "k."  see  table  I.) 
»•,  =  Series  field  resistance  hot  or  at  60  degfrees  C. 
Ts  :=  Shunt  on  series  field. 

r,  =  Resistance  of  series  field  with  shunt  =  rr^^ 

r.  =  Commutating  field  resistance  hot  or  at  60  dc- 

rj  =  Resistance  of  shunt  on  commutating  field.* 
r,  =  resistance  of  commutating  field  with 

r.  +  r. 

D        ir  u    u      u  J  Direct-current  (I) 

D    =  Volts  brush  drop  ■=  -^^-r^rvi. — c l- 

^       20  X  Total  brush  area 

R  =  Armature    equivalent    resistance     (r.)   -series 

field   resistance   (r,  or  rj)   +  commutating  field  resistance 

(r,  or  r.). 

The  above  formula  for  R  must  include  the  running  re- 
sistance of  all  windings  in  series  with  the  armature. 

e^I'xR  (Total  drop  of  all  series  windings). 

(i)  Total  induced  volts  =  £  +  f  +  S. 

(2)  Core  loss  at  total  induced  voltage  (i)  (from  core 
loss  curve). 

(3)  Shunt  field  copper  loss  =  £x/.. 

(This  will  include  the  rheostat  in   the   shunt   field.) 

(4)  Copper  loss  of  armature  and  windings  in  series  with 
it.  PR. 

(5)  Brush  I'-r  loss  =  /xB. 

(6)  Brush  friction  +  friction  and  windage. 
(Alternating-current   brush    friction    is    included    in    the 

friction  and  windage.) 

Total  losses  =:  (2)  +  (3)  +  (4)  +  (5)  +  «5)- 

Output  =  £x/, 

Input  =  Output  +  total  losses. 

_„  .  Output 

Effic.ency=i— J- 


grces  C. 


shunt  =- 


♦See  the  JouRN.^L  for  Jan.,  1913. 


*.\  shunt  on  the  commutating  field  is  of  very  infrequent 
occurrance  on  rotary  converters. 
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EFFICIENCY   OF   SYNCHRONOUS  BOOSTER   CONVERTERS 

In  determining  the  efficiency  of  a  synchronous 
booster  rotary  converter,  there  are  some  additional 
losses  which  were  not  mentioned  in  the  above  dis- 
cussion. These  are  the  booster  field  copper  loss,  the 
commutating-pole  auxiliary  field  copper  loss,  the  boost- 
er armature  copper  loss  and  the  booster  core  loss. 
The  copper  loss  of  the  booster  armature  and  armature 
copper  loss  of  the  rotary  converter  itself  vary  con- 
siderably for  a  constant  direct-current  output,  de- 
pending upon  the  actual  amount  of  boost.  When  the 
boost  is  positive,  the  booster  is  raising  the  direct- 
current  voltage.  It  is  then  acting  as  a  generator, 
being  driven  mechanically  by  the  converter  acting  as 
a  synchronous  motor.  When  the  boost  is  negative 
the  booster  is  lowering  the  direct-current  voltage;  it 
is  then  acting  as  a  synchronous  motor  delivering 
power  mechanically  to  the  converter.  The  converter, 
therefore,  under  this  condition  delivers  some  of  this 
output  as  a  direct-current  generator.  In  the  first  case 
the  additional  current  flowing  in  the  armature  of 
the  converter  is  an  alternating  current,  in  the  second 
case  a  direct  current.  In  either  case  the  current  is 
proportional  to  the  percent  boost  and  in  each  case  it 
may  be  considered  to  be  a  direct  current  in  order  to 
make  the  calculation  simpler. 

Taking  these  additional  factors  into  considera- 
tion, the  relations  used  in  the  determination  of  ef- 
ficiency are  as  follows  : — 

K  =  Ratio  of  rotary  converter  armature  copper  loss  to 
same  as  a  direct-current  generator.  See  Fig.  i. 

E   =  Direct  terminal  voltage. 

/,  =  Direct  terminal  amperes. 

/s  z=  Shunt  field  amperes. 

/b  :=  Synchronous  booster  field  amperes. 

/a  :=  Rotary  converter  commutating-pole  auxiliary  field 
amperes. 

/b  =  /,  since  the  two  fields  are  in  series. 

/   = /t  + /s  + /b  :=  armature  output  current. 

/,  ^  Alternating-current  per  collector  ring  at  normal 
voltage.* 

r  =  Rotary  converter  armature  resistance  at  60  de- 
grees C. 

r,  =  Resistance  at  60  degrees  C.  of  one  booster  armature 
winding  between  collector  ring  and  armature  tap. 

rj  =  Resistance  of  main  commutating  field. 

P   =  Pairs  of  poles  on  rotary  converter  or  booster. 
A''  =  Number  of  phases  or  collector  rings. 
X  =  Percent  boost    (the  sign  of  X  may  be  plus  or  minus). 

,   ,    ,    ,  v^  r  2  ^^^'  ^=  Booster  armature  copper  loss  un- 

(\)(l  +  Ji)l,      p        der  all  conditions. 

(2)  Kl'r  =^  Rotary  converter  armature  copper  loss — no 
boost. 

KPr  +  r  ([(1  +  X)  ly  —  P  )  =  Rotary  converter  armature 

copper  loss — positive  boost. 

Kr[U  +  X)IY  +  r[r-—[(i  +  X)  /]=]  =  Rotary  converter 
armature  copper  loss — negative  boost. 

(3)  £/b=  Copper  loss  in  booster  field  and  auxiliary  com- 
mutating field. 

(4)  Els  =  Copper  loss  in  shunt  field. 

(5)  /Vj=  Copper  loss  in  main  commutating  field. 

*If  B  =:  percent  efficiency  of  which  a  first  approximation 
must  be  made ; 

C  =  ratio  of  al  ternating  to  direct  voltage  at  normal  volt- 
age operation ; 

/,  =     _  nr- —  for  two-phase  converters. 


A  = 


A  = 
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r— r^p— for  three-phase  converters. 


(6)  =  Brush  /V  loss. 

(7)  =  Core  loss  of  converter  at  total  induced  volts. 

(8)  =  Core  loss  of  synchronous    booster    at    number 
of  volts  boost  (positive  or  negative). 

(9)  :=  Brush  friction. 

(10)  :=  Bearing  friction  and  windage. 

Total  losses  =  (i)  +  (2)  +  (3)  +  (4)  +  (5)  +  (6)  +  (7)  -1- 
(8)  +  (9)  +  (ID). 

Total  Input  =  Output  +  total  losses. 
Output 


Efficiency ; 


Input 


A  complete  calculation  of  efficiency  for  the  ma- 
chine used  in  connection  with  the  tests  already  de- 
scribed is  given  in  Table  VII. 

COMMUTATING-POLE   SATURATION 

This  test  is  made  in  the  same  manner  as  for 
direct-current  generators.     On  booster  converters  the 

TABI.K  VII— CALCULATIONS  FOR  EFFICIENCY 

Resistance  at                   2n  Degrees  C.  At  (iO  Degrees  C. 

Armature                                  0.0125  0.0141' 

Series  Field                            0.001277  0.00145 

.Series  Field  with  Shunt       0.0004425 

Shunt  Field                          70.27  86.5 
Total  Brush  Area— 42  Square  Inches. 


Load,  Percent 

0.25 

0.50 

0.-5 

100. 

125. 

150. 

Line  Amperes 

208.3 

416.7 

625. 

833. 

1042. 

1250. 

Shunt  Field  Amperes 

4.9 

4.9 

4.9 

4.9 

4.9 

4.9 

Armature  Amperes 

213.2 

421.6 

629.9 

837.9 

1046.9 

1254.9 

Terminal  Volts 

600. 

600. 

600. 

600. 

600. 

600. 

Armature  Drop 

0.8 

1.62 

2.42 

3.26 

4.07 

4.88 

Series  Field  Drop 

0.09 

0.19 

0.28 

0.37 

0.46 

0.S6 

Brush  Drop 

1.25 

1.5 

1.74 

1.99 

2.24 

2.49 

Total  Induced  Volts 

602.2 

603.3 

604.4 

605.6 

606.7 

607.9 

Core  I^oss 

7.05 

7.07 

7.09 

7.12 

7.15 

7.18 

Armature.  I-R.  I^oss 

O.IS 

0.69 

1..51 

2.73 

4.25 

6.12 

Series  Field  Loss 

0.02 

O.OS 

0.18 

0.31 

0.48 

0.70 

Shunt  Field  Loss 

2.94 

2.94 

2.94 

2.94 

2.94 

2.94 

Brush  Loss 

0.27 

0.63 

1.09 

1.67 

2.34 

3.12 

Brush  Friction 

0.88 

O.KS 

0.88 

0.88 

0.88 

0.88 

Friction  and  Windage 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

Total  Losses 

21.24 

22.19 

23.59 

25.55 

27.94 

30.84 

Kilowatt  Output 

125. 

2.50. 

375. 

500. 

625. 

750. 

Kilowat  Input 

146.2 

272.2 

298.6 

5-25.6 

652.9 

780.8 

Efficiency 

85.5 

91.8 

W.l 

95.1 

95.9 

%.l 

commutating-pole  saturation  is  taken  at  both  positive 
and  negative  boost  as  well  as  the  mean  position.  Each 
saturation  should  be  taken  for  the  same  voltage  on 
the  alternating-current  side. 

COMMERCIAL    TESTS 

This  type  of  test  is  used  only  where  apparatus 
is  manufactured  and  tested  on  a  large  scale  and  is  not 
applicable  to  determining  the  performance  of  an  in- 
dividual machine.  In  the  case  of  rotary  converters, 
only  such  tests  are  necessary  as  will  detect  any  me- 
chanical or  electrical  defects  and  determine  the 
similarity  of  the  machine  to  the  standard  design  on 
which  a  complete  engineering  test  has  been  run. 

The  following  tests  are  sufficient  for  the  above 
purposes  on  standard  lines  of  apparatus: — - 

I — Seasoning  and  grinding  the  commutator. 

2 — Neutral  check. 

3 — Polarity  test. 

4 — Core  loss  and  direct  and  alternating-current  saturation. 

5 — A  temperature  test  of  sufficient  duration  to  check  its 
similarity  to  that  of  the  standard  machine. 

6 — Cold  and  hot  resistances. 

These  tests  have  already  been  described  in  detail 
and  constitute  a  very  complete  commercial  test. 
Where  apparatus  has  been  built  in  such  large  quanti- 
ties as  to  be  very  familiar  to  tester  and  engineer,  an 
even  shorter  test  is  taken,  consisting  of  the  above 
tests  without  the  temperature  run.  A  mechanical  in- 
pection  and  insulation  test  completes  the  test. 
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for  six-phase  converters. 


*See  the  Journ.u.  for  June,  1913. 


Armature  Reaction 

IN  DIRECT-CURRENT  MACHINES 
R.  H.  Taber 


THE  DIRECT-CURRENT  generator  or  motor 
consists  essentially  of  two  interrelated  electri- 
cal circuits;  viz.,  the  field  and  armature  wind- 
ings. When  carrying  current,  each  of  these  electrical 
circuits  sets  up  a  magnetic  field,  and  the  change  in 
density  and  distribution  of  the  main  field  caused  by  the 
armature  field  is  termed  the  armature  reaction.    . 

PRINCIPLE  OF  ACTION. 

The  principle  of  armature  reaction  may  be  repre- 
sented graphically,  as  shown  in  Fig.  i.   Current  flow- 


FIG.     I — THE    EFFECT    OF    CURRENT-CARRYING    CONDUCTORS     ON     A 
UNIFORM    FIELD 

ing  in  a  conductor  sets  up  a  local  magnetic  field  sur- 
rounding it.  If  the  conductor  is  located  in  an  already 
existing  and  uniform  field  of  force,  a  resultant  field  is 
formed,  stronger  at  one  side  of  the  conductor  where 
the  forces  add,  and  weaker  on  the  other  side,  where 
the  action  is  opposed.  If,  in  place  of  a  single  conduc- 
tor, a  belt  of  conductors  carrying  current  in  the  same 
direction  lies  in  such  a  field,  similar  action  takes  place, 
but  the  resultant  distortion  of  the  main  field  is  greatly 
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FIG.   2 — NO-LOAD   FIELD   FORM 

a — Due  to  a  single  pole,  b — The  same  with  effect  of 
adjacent  poles.  The  ordinates  of  the  field  form  represent 
the  magnetic  flux  densities  in  the  air-gap,  and  on  the  assump- 
tion of  constant  magnetomotive-force,  may  be  plotted  with 
reasonable  accuracy  as  inversely  proportional  to  the  length 
of  fiu.x  paths  between  armature  and  pole  face,  except  in  the 
neutral  zone,  where  the  field  form  is  modified  to  pass  through 
zero,  due  to  the  action  of  adjacent  poles  of  opposite  polarity. 

increased.    This  is  the  condition  which  exists  in  the 
direct  current  machine. 

DISTORTION  OF  MAIN  FIELD 

The  field  winding  may  be  considered  as  supplying 
a  magnetic  field  of  force,  the  general  shape  of  which 
is  indicated  by  the  field  form  or  flux  density  diagram, 
Fig.  2.  At  no  load  there  is  a  uniform  flux  distribution 
in  the  air-gap  beneath  the  poles  as  shown  in  Fig.  3. 

The  armature  winding  may  be  considered  as  if 
externally  excited  but  carrying  current  flowing  in  the 
same  direction  as  in  operation  and  setting  up  a  corres- 
ponding magnetic  field,  as  represented  in  Fig.  4. 


ConiLming  the  two  magnetic  fields  gives  a  result- 
ant magnetic  distribution.  Fig.  5,  in  which  the  direction 
of  the  main  flux  is  shifted  from  the  center  of  the  poles 
towards  the  tips,  the  direction  of  shifting  depending 
on  whether  the  machine  operates  as  a  generator  or  as 
a  motor.  Figs.  4  and  5  represent  a  machine  operating 
as  a  generator,  for  which  the  direction  of  current  is 
downward  (into  the  plane  of  the  paper)  in  the  arma- 
ture conductors  under  the  north  pole  for  right  hand 
rotation,  and  from  Fig.  i  it  is  evident  that  the  shift  of 


Fig.  3 — Uniform  field  of  force  due  to  magnetomotive- 
force  of  field  winding  alone. 

Fig.  4 — Distribution  of  flux  due  to  the  current  in  the 
armature   conductors   only. 

Fig.  5 — Combination  of  fluxes  from  Figs.  3  and  4  show- 
ing actual  load  conditions. 

the  main  field  should  be  in  the  direction  of  rotation. 
To  change  a  direct-current  generator  feeding  into 
a  system,  to  operation  from  that  system  as  a  motor,  in- 
volves only  a  reduction  of  its  main  field  excitation.  As 


^^^^8888^^^' 
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Fig.    6 — Developed    armature    wiring    diagram    showing 
direction  of  current  flow. 

soon  as  the  generated  voltage  of  the  machine  falls  be- 
low the  voitage  of  the  system,  current  will  flow  to  in- 
stead of  from  the  machine.  Motor  action,  therefore, 
as  contrasted  with  generator  action,  means  a  reversal 
of  the  direction  of  current  in  the  armature  conductors, 
but  not  a  reversal  of  the  direction  of  rotation.*    The 


*The  explanation  of  this  is  apparent  from  Fig.  I.  The 
direction  of  flux  is  indicated  as  under  a  North  pole,  so  that 
for  right  hand  rotation  the  direction  of  current  in  conductor 
A  (downward)  corresponds  to  generator  action.  As  a  motor, 
the  armature  current  is  reversed,  as  illustrated  by  conduc- 
tor B;  the  magnetic  reaction  is  therefore  correspondingly 
reversed.  As  the  torque  of  the  motor  is  due  to  the  tendency 
of  the  magnetic  lines  of  force  to  repel  one  another  and 
thereby  push  any  disturbing  factor  from  the  stronger  to 
the  weaker  region  of  influence,  the  force  on  the  current 
carrying  conductors  will  in  this  case  also  be  to  the  right, 
the  same  as  noted  previously  as  a  generator. 
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operation  of  small  direct-current  balancer  sets  very 
aptly  illustrates  this  condition.  It  will  be  noted  from 
Fig.  I,  however,  that  the  direct  result  of  reversing  the 
direction  of  current  flow  in  the  conductors  is  to  reverse 
the  direction  in  which  the  main  field  distortion  takes 
place  and  the  field  shift  is  now  against  the  direction  of 
rotation  as  a  motor.  This  distortion  of  the  main  field 
has  an  all  important  bearing  on  the  operating  charac- 
teristics of  a  machine. 

EFFECTS    OF   DISTORTION    ON    COMMUTATION 

In  the  collection  of  current  at  the  brushes,  the  di- 
rection of  current  flow  in  the  conductors  is  reversed  as 


sents  the  !)est  average  conditions  of  commutation  over 
the  load  range  of  the  machine. 

ARMATURE   MAGNETIZATION. 

The  actual  magnetizing  of  the  individual  arma- 
ture coils  may  be  indicated  as  in  Fig.  8.   The  coils  Ui  at 


Fig.   7 — Diagram   showing   direction    of    current   flow    in 
short-circuited   coils. 

the  commutator  bars  to  which  they  connect  pass  be- 
neath the  brush.  This  is  indicated  in  Fig.  6  and  dia- 
grammatically  in  Fig.  7.  Moreover,  the  fact  that  a 
brush  can  touch  two  or  more  bars  at  once  means  that 
during  this  period  the  coils  are  short-circuited.  It  is 
evident  that  even  a  low  voltage  induced  in  the  conduc- 
tors during  short  circuit,  when  applied  to  the  ex- 
tremely low  resistance  of  the  armature  coil  and  brush 
contacts,  will  cause  a  heavy  local  current  flow,  and 
under  these  conditions,  the  rupture  of  these  currents 
as  the  segments  pass  out  from  under  the  brushes  will 
cause  serious  sparking.  For  this  reason  it  is  necessary 
that  the  brushes  be  so  located  that  during  the  period 
of  short-circuit  the  conductors  shall  lie  in  a  region  of 
approximately  zero  flu.x ;  viz.,  midway  between  the 
poles,  when  there  is  no  distortion.   This  point  is  known 


Fig.  8 — Vector  diagram  showing  resultant  magnetizing 
action  of  individual  armature  coils. 

Fig.  9 — Schematic  diagram  of  armature  connections  with 
brushes  on  no-load  neutral  and  vector  diagram  indicating 
the  resultant  combination  of  fluxes.  Nt=main  field  flu.x. 
Nc=cross  armature  flux.    Nr=resultant  flux. 

as  the  "no  load  neutral"  setting  of  the  brushes.  As  the 
load  comes  on,  however,  the  magnetic  distortion  of  the 
main  field.  Fig.  5,  causes  a  shifting  of  the  general  di- 
rection of  the  flux,  and  a  consequent  displacement  of 
the  zero  flux  position.  To  compensate  for  this  condi- 
tion it  is  necessary  in  many  of  the  old  type  non-com- 
mutating  pole  machines  to  shift  the  brushes  to  the  new 
zero  flux  position,  or  at  least  to  some  point  that  repre- 


FIG.    10 — DEVELOPMENT    OF    .\X    .\R.\I.^TURE    WINDING   PRODLXING   A 
FLUX    SIMIL.\R   TO   TH.^T    IN    FIG.    9 

Showing    the    corresponding    armature    magnetomotive- 
force  and  flux. 

and  bi  bs  produce  the  magnetomotive  forces  at  and  bt 
respectively,  which  may  be  subdivided  into  the  com- 
bined cross-magnetizing  components,  abc,  and  the  de- 
magnetizing components,  Oa  and  bt,  the  latter  being  in 
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FIG.     II — MAGNETOMOTira-FORCES    AND    FLUXES    FROM    .\RMATi:RE 
AND    MAIN    FIELD 

opposite  directions  and  thereby  neutralizing  each  other. 
It  is  evident  from  this  that  the  eflfectiveness  of  the 
coils  in  their  reaction  on  the  main  field  is  dependent 
upon  their  position  witli  respect  to  the  poles. 

Considering  the  total  eflfective  armature  reaction 
of  all  the  coils,  it  is  necessary  to  distinguish  between 
the  two  cases: — reaction  without  brush  displacement; 
and  reaction  with  brush  displacement.  For  the  first 
condition,  tlie  armature,  although  actually  wound  as 
indicated  in  Fig.  6  (multiple)  may  be  represented  as 
if  excited  as  shown  in  Fig.  9,  setting  up  a  resultant 
magnetomotive  force  and  flux  as  indicated  in  the  vec- 
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tor  diagram.  Represented  in  a  slightly  different  man- 
ner, this  excitation  may  be  considered  as  if  produced 
by  a  single  winding,  Fig.  10,  which  remains  in  a  con- 
stant location.  In  each  belt  of  armature  conductors 
carrying  current  in  the  same  direction  as  sliown  in 
this  figure,  there  is  a  conductor  on  one  side  of  the 
center  line  of  the  main  pole  for  every  one  similarly 
located  on  the  other  side  of  the  center  line,  and  the 
demagnetizing  components  of  each  such  pair  of  con- 


f't-    12  »18-    13  Fis     14 

Fig.  12 — Displacement  of  conductor  belts  due  to  shifting 
the  brushes  to  the  load  neutral. 

Fig-  13 — Conductor  belt  giving  cross-magnetizing  eflfect 
only. 

Fig.  14 — Conductor  belt  giving  demagnetizing  eflfect  only. 

ductors  neutralize  each  otlier,  as  explained  in  Fig.  8, 
leaving  cross-magnetization  only  as  the  resultant  arma- 
ture influence  when  the  brushes  are  located  on  the  no- 
load  neutral.  The  combined  full-load  magnetomotive 
forces  of  both  armature  and  field  with  brushes  on  the 
no-load  neutral,  and  the  resultant  modification  of  the 
flux  di.stribution  arc  illustrated  in  Fig.  11. 

EFFECTS  OF  BRUSH  DISPLACEMENT 

Shifting  of  the  brushes  materially  alters  the  above 
relations.  The  first  point  of  difference  is  the  displace- 
ment of  the  conductor  belts  carrying  current  in  the 
same  direction,  to  an  unsymmet- 
rical  position  with  respect  to  the 
center  line  of  the  poles.  Fig.  12. 
As  a  result,  the  demagnetizing 
components  of  the  individual 
turns  as  indicated  in  Fig.  8,  are 
only  neutralized  for  those  turns 
still  symmetrically  located  with 
Fig.  15 — V  e  c  t  o  r  respect  to  the  pole  centers,  that 
co'mb'inaTon^ Tibf  i^-  "^  the  angle  A,  and  A,,  Fig.  12- 
separate  eflfccts  m-  Applying  the  same  analysis  to  the 
and*  '^14. '"  Nt=main  ^rniature  turns  located  in  the  dou- 
ficld  flux.  Nc=cross  ble  angle  of  brush  displacement, 
armature  flux.     Nd=  n  j  d    •     t^-  v      -n  1        1 

d  e  m  a  gnetizing   ar-  ^'  ^nd  B.  m  Fig.  12,  it  Will  be  ob- 

mature  flux.  Nr=  served  that  in  this  case  it  is  the 
resultant  flux.  ^.   • 

cross  -  magnetizing      components 

which  are  neutralized,  and  the  demagnetizing  compo- 
nents which  remain  to  give  a  resultant  reaction  on  the 
main  field.  Two  distinct  groups  of  conductrs  exist, 
which  may  be  more  clearly  distinguished  if  repre- 
sented as  though  excited  by  entirely  separate  series 
windings.  Figs.  13  and  14,  the  vectorial  combination 
of  their  magnetomotive  forces  with  that  of  the  main 
field  being  shown  in  Fig.  15.  The  combination  of  the 
magnetomotive  forces  and  the  resulting  flux  distribu- 
tion in  the  air-gap  with  the  brushes  displaced,  is  indi- 
cated in  Fig.  t6,  and  is  observed  to  be  similar  to  that 


Fig.    IS 


with  the  brushes  on  the  neutral.  Fig.  11,  except  for 
the  demagnetization  and  the  neutral  displacement 
with  respect  to  the  poles. 

EFFECTS  OF  ARMATURE  REACTION 

In  Operation,  the  effects  of  armature  reaction  are 
only  apparent  in  the  conditions  of  commutation.  Ex- 
treme distortion  corresponding  to  a  sharply  peaked 
field   form,   results  in  excessive  voltage  induced  be- 
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FIG.     16 — DI.\GR.\M    OF    M.^CNETO.MOTIV'E-FORCES 

Similar  to  that  in  Fig.  11,  except  that  the  brushes  are  now 
shifted  to  the  load  neutral  position. 

tween  commutator  bars,  and  this  may  cause  serious 
arcing  or  even  flash-over  under  variable  loads  or  volt- 
age.* Excessive  neutral  shifts  with  fixed  brush  po- 
sition occasion  constant  sparking  and  spitting  at  the 
brushes.    1-ess  direct  results  are: — 

1 — Blackening  and  burning  of  the  commutator 
with  excessive  temperature  rise. 

2 — Rough  surface  and  reduced  commutator  life. 

3 — Excessive  local  currents  and  increased  arma- 
ture heating. 

4 — Rapid  wear  and  deterioration  of  the  brushes. 

MEANS  EMPLOYED  TO  REDUCE  REACTION   EFFECTS 

Among  the  first  expedients  adopted  to  limit  the 
field  distortion  due  to  armature  reaction  was  the  sat- 
urated pole  tip.  For  this  purpose,  tlie  pole  is  assem- 
bled from  laminations  which  have  been  punched  with- 
out tips  at  one  end  and  then  assembled  witli  tips  alter- 
nating from  one  side  of  the  pole  to  the  otlier.  As  a 
result  the  area  of  magnetic  material  in  the  flux  path 
is  reduced  and  the  flux  density  greatly  increased.  The 
field  magnetomotive  force  required  is  correspondingly 
higher  and  for  the  same  armature  strength  the  effect 
of  the  reaction  may  be  much  reduced.  Similar  action 
has  been  secured  by  the  use  of  pole  laminations  with 
horizontal  or  vertical  slots  near  the  tips,  also  by  mak- 
ing die  pole  faces  eccentric  at  the  air-gap,  giving  a 
wider  gap  at  one  or  both  tips  than  under  the  center 
of  the  pole. 

In  nearly  all  recently  developed  types  of  direct- 
current  machines,  the  commutating  pole  has  super- 
seded otlier  means  of  counteracting  the  objectionable 
features  of  armature  reaction.  As  the  commutating 
poles  are  excited  by  a  winding  in  series  with  the  arm- 
ature, a  relatively  exact  compensation  is  obtained  over 
the  entire  load  range  in  the  absence  of  magnetic  satu- 
ration in  the  commuating-pole  circuit ;  and  as  a  result 
the  neutral  of  position  of  best  commutation  is  practi- 
cally a  fixed  point  for  all  loads. 

*See  article  on  "Flashing  in  Railway  Motors"  in  the 
JouRXAL  for  October,  1913,  p.   1942. 
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1007 — Interconnected      Star  —  Please 

furnish  a  diagram  for  the  intercon- 
nected star  method  of  connecting  up 
transformers.  Under  what  conditions 
is  this  connection  useful? 

B.  D.  L.  (D.  OFC.) 

Ordinarily  this  connection  i  s  used 
only  with  rotary  converters  when  it  is 
desired  to  derive  a  neutral  from  a 
three-phase  bank  of  transformers  for  a 
three-wire  direct-current  circuit.  The 
primary  sides  of  the  transformers  may 
be  delta  or  star  connected  and  the  sec- 
ondary  connected   as   indicated   in    Fig. 
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FIG.  1007  (a)  and  (b) 

1007  (a),  the  current  and  voltage  rela- 
tions being  as  shown  in  Fig.  1007  (b). 
The  direct  current  in  an  ordinary  star- 
connected  group  would  cause  the  mag- 
netic circuit  to  be  greatly  unbalanced, 
i.  e.,  highly  saturated  at  one  alternat- 
ing-current maximum  and  only  slightly 
magnetized  at  the  maximum  in  the  re- 
verse direction.  In  the  interconnected 
group,  the  direct  current  in  the  two 
halves  of  the  winding  counter-balances, 
producing  zero  total  magnetizing  effect, 
so  that  there  is  no  unbalancing  of  volt- 
ages or  magnetic  fluxes.  This  method 
of  connections  also  is  sometimes  used 
where  it  is  desired  to  derive  the  neutral 
from  delta-connected  generators  or 
transformers  by  means  of  auto-trans- 
formers. With  an  unbalanced  load, 
the  voltage  regulation  will  be  consider- 
ably better  than  with  the  ordinary  star 
connection,  since  the  load  will  stiTl  be 
divided  on  all  three  phases  of  the  pri- 
mary, although,  not  equally.  For  this 
reason  the  use  of  regular  transformers 
and  the  delta-star  connection  is  prefer- 
able. On  account  of  the  phase  dis- 
placement between  the  voltages  in  the 
two  halves  of  each  transformer  sec- 
ondary, the  capacity  of  the  secondary 
winding  on  each  transformer  must  be 
15.5  percent  greater  than  the  primary 
or  of  the  secondary  of  a  transformer 
connected  in  the  ordinary  manner. 
Similarly    the    capacity    of    auto-trans- 


formers connected  in  this  manner  must 
be  15.5  percent  greater  than  if  they 
were  connected  in  the  ordinary  manner 
for   the   same   kilowatt-amperes  output. 

W.  M.  M. 

1008 — Paralleling    Alternators  — Two 

units  with  leads  A,  B,  C  and  D,  E,  F 
are  to  be  phased  out.  If,  on  connect- 
ing F  and  C  the  difference  of  poten- 
tial between  E  and  B  and  A  and  D 
is  found  to  be  zero,  is  this  sufficient 
evidence  of  the  correctness  of  the 
connections?  c.  o.  v.  d.  (Quebec) 

Zero  potential  between  phases  A  and 
D  and  B  and  E  is  sufficient  evidence  of 
correct  connections  between  synchron- 
ous machines  when  both  are  operating 
at  normal  voltage.  c.  R.  R. 

1009 — Changing  2300  Volt  Two-Phase 
Generator  to  575  Volts  Three- 
Phase  —With  reference  to  No.  937 
would  like  to  inquire  (a)  just  how  to 
alter  the  connections  so  as  to  get  ex- 
actly 575  volts  (excitation  and  speed 
remaining  the  same  as  before)  ?  (b) 
What  arrangement  will  give  the  best 
results?  We  do  not  wish  to  go  to 
the  expense  of  getting  a  new  wind- 
ing, which  is  of  the  two  coil  per  slot 
"barrel"   type.  G.  E.  s.  (canad.^) 

The  coils  should  be  reconnected  in 
the  form  of  a  three-phase  star  winding 
and  each  phase  divided  into  five  groups 
of  eight  coils  each.  The  groups  should 
be  so  arranged  that  a  winding  is  ob- 
tained consisting  of  five  equal  stars 
connected  together  at  the  terminal  and 
neutral  points.  Working  the  generator 
magnetically  the  same  as  before,  this 
winding  will  give  a  terminal  voltage  of 

564    volts.  R.  K. 

loio — Single-Phase  From  Three- 
Phase  Circuit  —The  writer  visited 
a  foundry  in  Chicago  having  an  elec- 
tric furnace,  which  operated  single- 
phase,  the  current  being  taken  from  a 
commercial  three-phase  power  cir- 
cuit.  Kindly  explain  how  this  is  done. 

J.  D.  M.  (OREGON ) 

The  connections  at  the  foundry  men- 
tioned are  given  in  Fig.  loio  (a), 
through  courtesy  of  the  Commonwealth 
Edison  Company.  This  connection 
gives  a  balance  on  the  primary  so  far 
as  the  current  is  concerned,  but  the  cur- 
rent and  voltages  in  the  primaries  of 
two  of  the  transformers  are  60  degrees 
c  + 
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FIG.    lOIO  (a) 

out  of  phase  at  unity  power-factor  of 
the  load.  This  is  a  very  similar  condi- 
tion to  that  described  in  No.  058  for  the 
two-phase  circuit,  and  single-phase,  i.  e., 
pulsating,  power  only  is  taken  from  the 
generator.       On     a    large     system,     the 


amount    of    unbalancing    is    apparently 
too  small  to  be  noticable.  c.  R.  a. 

loii — Acceptance    Test  — Please    let 
me    know     the    method    of     figuring 
losses  in  connection  with  the  accept- 
ance tests  of  large  synchronous  and 
induction    motors,    where    these    are 
connected      to      centrifugal      pumps. 
These  tests  are  to  be  made  in  a  city 
pumping  station  and  are  to  be  official 
acceptance  tests.         h.  a.  a.  (Ontario) 
Tests  to  be  performed  on  synchron- 
ous motors   for  a  complete  determina- 
tion   are    core-loss,    no-load    saturation, 
short-circuit    loss    and    saturation,    fric- 
tion and  windage,   resistance  of   arma- 
ture and  field  windings.    Corresponding 
tests  for  an  induction  motor  consist  of 
locked   saturation   test,   running   satura- 
tion test,  resistance  of  primary  and  of 
secondary,  if  of  the  wound  type.    These 
tests  furnish  sufficient  data  from  which 
to  determine  complete  information  con- 
cerning the   motor  by   means  of   circle 
diagrams.     For   details    of    these    tests, 
see   series   of   articles   now   running   in 
the  JouRXAL  on  "Shop  Testing  of  Elec- 
trical Apparatus."  p.  e.  h. 
1012 — Surges   on   Transmission   Line 
A  transmission  line  consisting  of  two 
2/0    stranded    copper    circuits    is    ar- 
ranged as  in  Fig.  1012  (a).     The  line 
is    about   30   miles    long   and    can    be 
sectionalized   at  the   middle   point   by 
means    of    disconnecting   switches    as 
indicated  in  Fig.  1012   (b).     Suppose 
a  break  occurs  at  point  C.    The  sec- 
tionalizing  switch  is  then  open  on  cir- 
circuit  B  and  the  load  carried  on  cir- 
cuit A.    When  the  lightning  arresters 
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FIG.  I0I2  (a)  and  (b) 

are  charged  at  the  sub-station  twice 
a  day,  circuit  B  is  alive  during  the 
charging  period  from  the  sub-station 
as  far  back  as  the  sectionalizing 
switch.  Will  the  charging  of  the  ar- 
rester on  circuit  B  have  any  effect  on 
the  system  due  to  the  fact  that  the 
circuit  is  open  at  the  middle  point,  or 
in  other  words,  will  there  be  any 
tendency  to  start  a  surge  when  the 
arrester  is  charged. 

c.  o.  V.  D.  (Quebec) 
There  will  be  some  tendency  to  set- 
up oscillations  when  the  arresters  are 
charged,  but  we  should  not  expect  them 
to  be  seriously  dangerous  to  well  in- 
sulated modern  transformers.  The  os- 
cillations could  be  minimized  by  dis- 
connecting circuit  B  from  the  sub-sta- 
tion by  means  of  disconnecting  switches 
when  charging  the  arresters  on  circuit 
A.      The    use    of    charging    resistances, 
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which  are   in   series  with   the  arresters 
during    the    charging   only,    wouki    also 
reduce   any    tendency   to   oscillation   by 
making  it  a  non-oscillatory  circuit  due 
to  the  presence  of  the  damping  resist- 
ances. Q.  A.  B. 
1013 — Resultant    Power- Factor  — 
What    is    the    resultant    power-factor 
of    an    induction    motor    rated    at    80 
percent   power-factor   at   full   load   if 
it  is  connected  to  a  circuit  of  65  per- 
cent power-factor?     Can   the   power- 
factor   of   a  given   load   be   corrected 
by    a    single    generator    of    sufficient 
capacity    which     furnishes    power    to 
the  load?                          r.  \v.  w.  (ind.) 
The    power-factor    of    an    induction 
motor  or  of  any  other  individual  piece 
of  apparatus  is  entirely  independent  of 
any   other   apparatus   connected    to   the 
same  line;  the  power-factor  of  the  line 
is  equal  to  the  vectorial  average  of  the 
power-factors    of    the    apparatus    con- 
nected  to   it.     The   power-factor   of    a 
load  cannot  be  changed  in  any  way  by 
any    apparatus    apart    from    the    load. 
Power-factor    correction    by    synchron- 
ous motors,  over  excited,  is  sometimes 
very  beneficial  by  increasing  the  carry- 
ing capacity  of  a  line  or  of  a  generator, 
but   has   no   effect   upon   the   apparatus 
connected    to    the    line    except    as    im- 
proved regulation  of  the  line  affects  ap- 
paratus, c.  R.  R. 
1014 — Collector     Rings     for     Acyclic 
Generators.' — Three     hundred     am- 
peres   is    safely    carried    by    a    single 
trolley  wheel  under  very  rough  con- 
ditions.  Why   could   not    rolling   con- 
tacts be  employed  in  acyclic  or  turbo- 
generators  where   the   surfaces  could 
be  much  better  than  with  the  trolley 
wheel?                                  M.L.  p.(iLL.) 
Rolling    contacts    would    be    possible, 
but  sliding  contacts  are  required  to  take 
the  current  oflf  tlie  rollers;  this  means 
double  collection.     Usually  a  stationary 
brush  will  collect  the  current  with  less 
total   loss.                                                 B.  G.  L. 
1015 — Switchboard    Connection  — In 
Fig.   8,    p.    165   of   the   Journal   for 
Feb.,  '13,   panel   No.  4  shows   direct- 
current    connections    from    the    recti- 
fier, including  two  oil  switches,  relay, 
lamp  and  ammeter.     Will  you  please 
explain  the  object  of  the  connections 
as    shown,    i.    e.,    the    use    of    two 
switches,     the      ground      connection 
through  one  pole  of  one  switch,  etc. 
w.  T.  H.  (mont.) 
The  line  running  from  the  grounded 
poles  of  the  oil  switch  to  the  ammeter 
should  not  have  been  shown.    The  cor- 
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FIG.  1015    (a) 


circuited  for  about  two  minutes  in  or- 
der to  allow  the  bulb  to  become  heated 
so  that  it  will  hold  its  load.    Switch  No. 
3   is  then  closed  and   No.  2  is  opened. 
The   relay   is   normally  energized   when 
the   rectifier   is   loaded.     In   case   of    a 
broken  wire  or  the  bulb  going  out,  the 
core  or  the  relay  drops  and  closes  the 
contacts  to  an  alarm  circuit.     The  lamp 
is  connected  in  the  series  circuit  and  is 
mounted    on    top    of    the    panel    giving 
visual    indication    that    the    rectifier    is 
working  correctly.     This  lamp  is  not  in 
circuit    during   starting.      The    ammeter 
is  of  the  series  type  and  is  connected  in 
the    direct-current    circuit    in    both    the 
starting  and  running  positions.       H.A.T. 
1016 — Series    Arc    Generators  — Is    it 
present  day  practice  to  use  series  di- 
rect-current generators  for  series  arc 
lamps     or     for     series     incandescent 
lamps?     Is   not  the   tendency   to  use 
alternating-current  lamps    (arc)    with 
constant-current     transformer?     Are 
scries  direct-current  generators  man- 
ufactured much   now? 

p.  C.  (RHODE  island) 

Very  few  series  direct-current  gen- 
erators are  manufactured  or  installed 
at  the  present  time,  and  although  a 
considerable  number  of  machines  are 
still  in  use,  they  are  rapidly  becoming 
obsolete.  The  present  tendency  is  to 
use  alternating-current  series  arc  lamps 
of  either  the  enclosed  carbon  or  the  en- 
closed flame-carbon  types,  with  con- 
stant-current transformers  or  metallic- 
flame  direct-current  scries  lamps  with  a 
mercury  arc  rectifier.  T.  j.  p. 

1017 — Paralleling  Three-Phase  Trans- 
formers — As  described  in  Mr.  Mc- 
Conaliey's  article  in  the  Journal  for 
July,  1912,  p.  618,  three-phase  trans- 
formers can  be  paralleled  by  jump- 
ing together  two  poles  on  the  oil 
switch  and  putting  a  transformer  and 
voltmeter  across  the  other  two  pairs, 
which  will  read  zero  if  the  leads  are 
rightly  arranged,  and  double  line  volt- 
age in  case  of  a  crossed  phase.  They 
may  also  be  paralleled  by  omitting 
the  jumper  altogether  and  simply 
putting  the  transformer  and  volt- 
meter across  each  pair  of  poles  suc- 
cessively. In  the  case  of  a  crossed 
phase  the  voltmeter  will  read  line 
voltage,  being  apparently  the  result- 
ant of  the  two  voltages  to  ground 
combined  at  120  degrees.  When  using 
the  first  method,  if  a  crossed  phase 
exists  the  capacity  current  will  flow 
through  the  jumper,  and  I  am  in- 
formed that  there  is  a  danger  of  hav- 


rect  connections  are  shown  in  Fig.  1015 
(a).  Switch  No.  i  is  a  primary  switch 
and  connects  the  alternating-current 
leads  of  the  rectifier  outfit  to  the  bus- 
bars. Switch  No.  2  is  the  starting 
switch.  It  is  first  closed  and  the  direct- 
current   side   of   the   rectifier   is   short- 


KiG.  1017   (a) 

ing  this  blown  if  it  is  not  made  of 
suitable  size.  For  instance,  a  No.  4 
wire  jumper  was  blown  on  a  3000 
k.v.a.  transformer.  Please  gfive  a 
rough  idea  of  the  magnitude  of  the 
capacity  current  flowing  on,  say,  a 
3000  k.v.a.  transformer,  12000  to 
22000  volts.  J.  p.  (alberta) 

In  making  the  polarity  test,  the  trans- 
formers should  be  connected  in  a  man- 
ner similar  to  that  shown  in  Fig.  1017 
(a).  A  jumper  is  connected  across  one 
pair  of  terminals  in  order  to  form  an 


electrical  connection  between  the  wind- 
ings  to   be    tested    for   phase   relations. 
If  this  is  not  done,  the  voltages  meas- 
ured between  the  terminals  of  the  two 
transformers  will  bear  no  fixed  relation 
to  one  another.     It  is  true  that,  if  the 
phase   relations   of   the   voltages   across 
similar    terminals    of    the     two    trans- 
formers are  not  all  the  same,  there  will 
probably  be  a  capacity  current  flowing 
through      the     jumper.      This     current 
should  be  small  and  we  can  see  no  rea- 
son why  it  should  be  sufficient  to  blow 
a   No.   4   wire.     A   much   smaller   wire 
should  ordinarily  be  sufficient,     w.  m.  m. 
1018 — Lightning   Protection  — I    have 
a    three-phase,    60    cycle,    2  300    volt 
transmission    line,    three    miles    long. 
There    are    no    poles    in    the    three 
miles.     On   every   fifth   pole   there   is 
installed    on    each    wire    a    multi-gap 
pole-type  arrester  and  a  good  grround 
rod.     At  one  end  of  the  line  a  set  of 
choke  coils  is  installed,  and  on  each 
phase    three    sets   of    multi-gap   pole- 
type   arresters.     This   is  at  the  main 
switchboard.    At  the  other  end  of  the 
line    a    set    of    transformers    changes 
from   three-phase   to   two-phase   cur- 
rent.    I   would   like   your   opinion   as 
to  whether  it   is   necessary  to   install 
choke  coils  and  another  set  of  three 
arresters  on  each  phase  before  going 
into  the  transformers. 

J.  C.  D.  (RHODE  island) 

Lightning  has  long  been  known  to  be 
too  freakish  to  allow  of  making  posi- 
tive statements  that  any  given  arrange- 
ment will  or  will  not  give  complete  pro- 
tection. If  there  are  arresters  on  the 
last  pole  before  the  sub-station  there 
should  be  little  need  of  additional  ar- 
resters in  the  station,  while  if  the  near- 
est arresters  are  five  poles  away,  sta- 
tion aresters  might  prove  vaJuable. 
Choke  coils  at  the  sub-station  are  de- 
sirable if  the  transformers  are  not  of 
recent  design.  They  will  help  in  any 
case,  but  on  a  fairly  well  protected  line 
like  this  they  would  not  be  so  neces- 
sary if  the  transformers  have  the  good 
insulation  common  in  recent  designs. 

Q.  A.  B. 

1019; — Vectorial  Relations  in  a  Trans- 
mission Line  — We  have  a  three- 
phase,  60  cycle,  ID  000  volt  generator 
feeding  a  transmission  line  which  has 
a  chargring  current  of  ten  amperes 
without  any  transformers  or  load  of 
any  kind  connected.  Assume  that 
there  is  no  leakage  between  phases 
or  from  phase  to  ground.  Now,  if 
at   the   end   of   the    line,    a   bank   of 


no.  1019  (a) 

transformers  is  connected  which 
draws  a  no-load  current  of  such  a 
value  and  at  such  a  power-factor  that 
the  90  degrees  out  of  phase  compo- 
nent is  ten  amperes:  (a)  Will  the 
current  in  the  line  be  in  phase  with 
the  e.m.f.?  (b)  Will  the  value  of 
the  current  in  the  line  be  just  suf- 
ficient to  represent  the  iron  and  cop- 
per losses  in  the  transformers  and 
line?  (c)  Will  the  different  location 
of  the  bank  of  transformers  on  the 
line  make  any  difference  as  to  the 
current  and  voltage  relations  and  the 
value  of  the  current  supplied  by  the 
generator?  c.  m.  p.  (Alaska) 
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(a)  The  current  at  A,  Fig.  1019  (a), 
will  be  in  phase  with  the  e.m.f.  (b) 
The  current  at  A  will  be  of  just  such  a 
value  as  to  represent  the  true  energy 
flowing  into  the  system.  As  we  depart 
from  A  toward  B  the  power-factor  \viU 
become  more  and  more  laggmg.  (c) 
The  location  of  the  transformers  will 
not  affect  the  power-factor  conditions 
at  the  generator  or  at  the  transformer, 
but  may  affect  the  power-factor  as 
measured  at  other  points.  p.  m.l. 

1020— T  r  a  n  s  f  ormer  Connections  — 
Three  transformers.  A.  D  and  C.  of 
the  same  capacity,  are  connected  m 
delta  on  primary  and  secondary  sides. 
Two  equal  loads  are  connected  on 
the  secondary  feeders  as  shown  in 
Fig  1020  (a).  Will  transformer  C 
take  any  load?  What  effect  will  the 
unbalancing  of  the  loads  have  upon 
the  load  of  each  transformer? 

L.R.  M.  (manitob.^) 
The  loads  will  be,  for  each  ampere  of 
load  on  the  two  loaded  phases  five- 
sixths  of  an  ampere  on  transformers 
A  and  B  and  one-third  of  an  ampere  on 
transformer  C.  The  current  for  a 
single-phase  load  connected  to  a  three- 
phase  circuit,  such  as  shown,  may  be 
considered,  if  the  load  is  on  phase  A 
as  having  two  parallel  paths  through 
the    delta    mesh,    one    through    trans- 


FIG.    1020    (a) 


former  A.  and  the  other  through  trans- 
formers B  and  C  in  series.   If  the  trans- 
formers all  have  equal  impedances,  two- 
thirds  of  the  current  will  flow  through 
one   circuit    and    one-third   through    the 
other   circuit.     The    load   produced    on 
the     individual     transformers     by     two 
single-phase    loads   on    different   phases 
will    equal    the    vectorial    sum    of    the 
loads  produced  by  each   of   the  single- 
phase  loads.  c.  R.R. 
102 1— Design  of  Magnets  —I   am   in- 
terested   in    data    on    the    design    of 
plunger      electro-magnets.      Underhill 
in  his  book  on  "Solenoids,"  as  well  as 
the    Standard   Handbook,   give   form- 
ulae for  the  pull  of  a  plunger  electro- 
magnet which  are  essentially  the  same, 
P         /     NI  ^•,!       0.096X1 

„,„ely:--=(— J-— --he- 

Ar/=ampere  turns,  P=pull  in  pounds, 

/=length  of  air-gap,  inches,  .-l=area 

of     core,     sq.     inches,     L=length     of 

winding.     Wikander   in   Trans.    A.   I. 

E.    E.,    Vol.    30,    June,    191 1.    deriyes 

formulae   for   electro-magnets,   which 

are  based  on  a  set  of  curves.  Fig.  6,  p. 

2038,  from  tests  of  an  actual  magnet. 

Calculations    of    the    coil    with    the 

above    formula    do    not    check    with 

these     curves.     For     instance,     with 

29200  ampere-turns,   1.5  inch  air-gap, 

and  length  of  coil  8.5  inches  (by  scale 

from  the  cut  of  the  coin,  the  above 

formula  gives  P/A=(S4  plus  33)=87 

pounds,   while  the  curves   show   P/A 

=70  pounds.    Will  you  please  tell  me 

the     limitations     to    be     observed    to 

make    the    curves    and    the    formula 

agree.  G.  l.  h.  (calif.) 

The  values  of  magnetic  pull  obtained 

by   the   various   methods   of   calculation 

seem   to   agree    fairly   well    considering 

that  the  formula  given  in  the  Standard 
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Handbook  assumes  that  the  length  of 
the  magnet  core  is  more  than  ten  tirnes 
its  diameter,  while  the  magnet  to  which 
the  curves  in  the  A.  I.  E.  E.  Transac- 
tions refer  is  designed  with  a  length  of 
core  slightly  exceeding  four  times  its 
diameter.  The  ratio  of  core  diameter 
to  inside  diameter  of  the  shell  has  also 
an  appreciable  influence  on  the  pull,  but 
this  ratio  is  not  taken  into  considera- 
tion in  the  above  formula.  It  is  to  be 
regretted  that  so  little  data  on  the  sub- 
ject has  been  published,  and  it  would 
be  of  great  benefit  to  designers  of  mag- 
nets if  some  person  would  make  a 
series  of  tests  of  the  pulls  of  magnets 
of  various  shapes,  plotting  the  curves 
against  the  ampere-turns  for  various 
air-gaps.  ■*■  — ■ 

1022— Single-Phase  Motor  Trouble  — 
A    single-phase    motor,    started    by    a 
combination   of    reactance   and   resist- 
ance,   was    badly    heated    by    putting 
the  starter  on  the  running  side,  while 
the   motor  was   at  rest.     Solder   was 
thrown     from     the     rotor,     but     the 
stator    seems    to    be    in    good    shape. 
After  resoldering  the  rotor,  the  ma- 
chine runs  up  to  speed,  but  will  not 
carry    its    usual    load.      What    is    the 
probable  cause?       c.  w.  (nova  scon  a) 
A  single-phase  motor  differs  from  a 
polyphase   motor   in   that   a   change    m 
the     secondary     resistance     affects     not 
only  the   speed  but  also  the   maximum 
or   pull-out    torque,    and   it   is   probable 
that  in  resoldering  the  rotor  it  has  not 
been  put  in  quite  as  good  shape  as  it 
was  originally  and   the  increase  in   re- 
sistance so  caused  is  reducing  the  pull- 
out  torque.     If  the  rotor  winding  is  re- 
built  and   put   in   its   original   condition 
again,  the  motor  will  probably  have  the 
same   torque   characteristics   as   at   first, 
barring  possible  injuries  to  the  primary 
winding     due     to     over-heating,     which 
could  be  located   and  corrected  by  the 
usual  means.  a.  m.d. 

1023— Sixty  Cycle  Transformers  on 
Twenty-Five  Cycles  —In  attempt- 
ing to  use  60  cycle  transformers  on  25 
cycle  lines,  some  curious  points  have 
been  noted,  namely,  that  some  makes 
and  sizes  of  transformers  cannot  be 
used  at  all,  while  others  work  satis- 
factorily, but  with  poor  regulation 
and  considerable  heating.  Can  yovi 
give  any  suggestion  for  a  practical 
method  of  adapting  60  cycle  trans- 
formers for  tlie  other  service;  ef- 
ficiency being  disregarded,  the  sole 
idea  being  to  keep  the  work  going. 
Our  transformers  are  2200  to  220-110 
volts  and  it  has  been  suggested  to  re- 
connect the  primaries  for  I  loo  volts 
and  use  two  in  series.  I  fail  to  see 
how  this  can  improve  matters. 

w.  L.  P.  (canal  zone) 
The  points  which  you  have  noted  in 
attempting  to  operate  60  cycle  trans- 
formers on  25  cycle  lines  are  only 
those  which  are  normally  to  be  ex- 
pected    The  formula  for  the  voltage  of 

4.44  A  B  Nf 
a    transformer     is     V— ;;  > 


where  .4=  the  cross-sectional  area  of 
the  magnetic  circuit  in  square  inches; 
B—  the  induction  in  lines  per  square 
inch-  N=  the  number  of  turns  on  the 
winding  to  which  is  applied  the  voltage 
V  and  /  is  the  frequency  in  cycles  per 
second.  From  this  it  will  be  observed, 
maintaining  all  other  conditions  con- 
stant, that  the  induction  varies  inyerse- 
iy  as  the  frequency.  It  has  been  found 
by    experiment    that    the    core    loss    of 


transformers    varies   approximately    ac- 
cording to  the  1.7  power  of  the  induc- 
tion,    while     the     magnetizing     current 
varies  almost  directly  as  tlie  induction 
as  long  as  the  iron  is  worked  below  the 
saturation  point,  these  values  increasing 
very  rapidly  when  the  saturation  point 
is  passed.     From  this  it   will  be  noted 
that     when     the     frequency     is     low- 
ered,   the    core    losses    and    the    mag- 
netizing current  both  increase  at  a  very 
rapid    rate,    and    in    a   60    cycle    trans- 
former    which     is     conservatively     de- 
signed, these  losses  become  high  enough 
to    cause    sufficient   heating    to    destroy 
the   transformer   even   when   it  has   no 
load.      The     reason     certain     60     cycle 
transformers  are  able  to  operate  on  25 
cycles    is   that   they   are   designed   with 
such  a  liberal  amount  of  iron  that  the 
induction   remains   below   the   point   of 
saturation  even  when  the   frequency  is 
reduced  to  25  cycles.     From  the  above 
formula  it  will  be  noted  that  the  induc- 
tion also  varies  inversely  as  the  voltage. 
Consequently,    if    the    frequency    is    cut 
in  half,  and  the  voltage  is  at  the  same 
time   reduced   to    one-half    its   previous 
value    the  induction  should  remain  the 
same.'     This   is   roughly   what   happens 
when  a  60  cycle.  2  200  volt  translorrner 
is  operated  on  i  100  volts  at  25  cycles. 
Hence,  the  suggestion  that  you  operate 
two  transformers  in  series  on  the  pri- 
mary and  parallel  on  the  secondary  is  a 
good  one,  the  primaries  being  connected 
for  2  200  volts  so  as  to  receive  one-halt 
normal  voltage.     By  this  means  the  in- 
duction  is   only   slightly   increased— not 
sufficient    to    burn    out    even    conserva- 
tivelv    rated   transformers.  c.  R.  R. 

1024— Mercury  Rectifiers  —What  is 
the  best  material  for  use  in  lead-in 
wires  in  a  mercury  rectifier  with 
silica  tube?  (b)  What  feature  limits 
the  current  capacity  of  these  tubes  to 
SO  amperes;  the  electrodes,  the  vapor 
temperature  or  the  distribution  from 
the  container?  m.l. p.  (ill.) 

(a)  In  general,  platinum  is  the  only 
commercial  material  used  as  a  seal-in 
wire  through  any  vitreous  container. 
Where  it  is  used  on  silica  (quartz)  an 
intermediate  glass  has  to  be  used  be- 
tween the  quartz  and  the  platinum, 
'^ome  progress  has  been  made  in  tJie 
use  of  tungsten  and  molybdenum  as 
seal-in  wires  through  glasses  of  .'ow  e.x- 
pansion  similar  to  quartz  and  it  is  likely 
that  one  or  the  other  will  come  into  use 
sooner  or  later  for  this  Purpose  b) 
There  is  no  particular  limit  to  the  Mze 
of  a  rectifier,  but  it  becomes  very  d-m- 
cult  and  expensive  to  produce  one  ot 
glass  for  current  above  50  amperes. 
Metal  rectifiers  have  been  built  for 
much  larger  current.  ^'I.'^' 

1026— Critical  Speeds  in  Turbo-Gen- 
erators —Please  outline  a  simple 
method  used  to  calculate  tae  rnti-^al 
speeds  in  turbo-generators. 

'  M.L.  p.  (ILL.) 

So  far  as  we  know,  there  is  no  sim- 
ple method  of  calculating  critical  speed 
for  commercial  generators.  There  are, 
however,  several  formulae  which  are 
comparativelv  simple  for  certain  types 
of  rotors.  'See  Stodola's  treatise  on 
"Die  Dampfturbine"  which  has  been 
translated  into  English.  In  manufac- 
turing concerns  where  comparative  test 
data  is  available  on  machines  of  cer- 
tain definite  tj^pes  of  constniction 
critical  speeds  can  be  estimated  w;tli 
fair  accuracy  by  direct  comparison  o\ 
the  principal  design  proportions  cf  in- 
dividual machines.  r.e.  g. 
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For  a  number  of  years  subscribers  to 

The  the    Journal    in    Europe,    Asia    and 

International  Africa    have    been    supplied    with    a 

Edition         special  cditinn  of  the  Jouknal  known 

as  tlic  "International  I'.dition,"  issued 
from  the  l.'Mid.m  ol'lice.  This  editinn,  while  contain- 
inor  till-  same  edilnrial  m.itler.  had  dillVrciil  adxcrtis- 
ing  pajjes  and  a  ilitierenl  cover.  Niunerous  foreign 
.subscribers  have  specifically  requested  that  they  l)e 
sent  the  .\nierican  edition  and  such  re(|ucsts  ha\e  been 
complied  with.  This,  however,  has  led  to  c(jnfusion 
in  the  mailing  lists  and,  while  making  the  change  in 
page  size,  it  has  been  decided  to  change  the  arrange- 
ment with  reference  to  foreign  sul;)scriptions  so  that 
all  will  receive  the  regular  American  edition. 

It  is  gratifying  to  find  engineers  outside  of  the 
United  States  taking  so  kindly  to  the  Journal,  there 
being  at  present  over  2200  copies  per  issue  going  out- 
side the  United  .States,  with  Canada  first  with  Sjo, 
I'aigland  secontl,  and  Japan  third  with  'i,^'/  subscribers. 
While  the  material  puljlished  is  necessarily  designed 
for  the  .American  engineering  puljlic.  a  very  consiil- 
erable  part  of  the  reading  pages  relate  to  physical 
facts  rather  than  to  specific  practice  in  one  localitv, 
and  hence  are  of  value  to  engineers  wherever  located 
It  has  been  the  general  e.xiierience  to  find  that  sub- 
scribers who  are  the  farthest  removed  from  the  great 
industrial  centers  \alue  their  copies  most  highly.  The 
Journal  is  peculiarly  fortimate  in  being  located  in  the 
midst  of  one  of  the  greatest  engineering  centers  in 
the  wiirld  and  thn>  is  in  a  jinsition  ti>  present  to  its 
readers  in  distant  localities  the  very  latest  develop- 
ments in  the  electrical  industry  as  seen  i)y  men  ac- 
tively engaged  in  practical  engineering  work. 


Every  advance  in  methods  and  tools 
The  which  permits   a   nearer   approach    to 

Analysis  of  ^'^^  ultimate  best  design  of  an  electric 
Wave  Forms  'Icvice  is  a  distinct  benefit  to  the 
manufacturer  and  purchaser  of  elec- 
trical a])])aratus  and  to  the  consumer  of  electric  cur- 
rent. It  is  of  advantage  to  the  manufacturer  inasmuch 
as  it  gives  him  the  means  of  meeting  the  required  i>er- 
formance  by  the  most  efficient  use  of  his  materials,  and 
at  the  same  time  producing  a  device  which  will  give 
the  greatest  freedom  from  trouble.  It  is  of  advantage 
to  the  purchaser  and  user  of  the  apparatus,  as  it  gives 
Ir.m  a  cheaper,  more  satisfactory  and  more  efficient  de- 
vice. It  is  of  advantage  to  the  ultimate  user  of  elec- 
tric current  by  giving  him  in  the  end  more  satisfactory 
and  cheaper  service. 

Cf   such   character   are   the  devices   described   in 


this  issue  of  the  Journal  by  Mr.  L.  W.  Chubb.  These 
device3  are  notable  not  because  they  give  us  a  new 
product  or  a  new  result,  but  because  they  furnish  new 
tools  which  greatly  facilitate  the  getting  of  results 
hitherto  obtained  only  by  very  considerable  labor. 
I'urihermore,  numerous  tests  have  sliown  that,  on  the 
average,  the  new  tools  give  results  of  greater  accuracy 
than  are  usually  obtained  by  even  a  worker  skilled 
along  this  particular  line. 

The  very  ingenious  methods  described,  of  record- 
ing and  analyzing  electric  waves,  should  greatly  stimu- 
late the  analysis  of  wave  forms  in  general  and  should 
give  us  the  true  cause  for  many  phenomena  hereto- 
fore considered  obscure.  The  discovery,  for  example, 
that  the  electromotive-force  wave  from  a  certain  ma- 
chine contains  a  very  large  proportion  of  higher  har- 
monics, shows  at  once  the  necessity  for  a  change  in  de- 
sign, indicates  what  these  changes  should  be  and,  at 
the  sa.ne  time,  explains  the  exact  cau.se  of  the  diffi- 
culty encountered.  Although  the  mathematical  theory 
of  the  analyzer  may  seem  somewhat  complex,  the  ap- 
paratus itself  is  beautifully  simple  and  easy  to  operate. 
The  original  instrument  has  been  in  constant  use  for 
over  a  year,  and  has  been  found  eminently  satisfactory. 

C.  K,  .Skinner 


The  tests  to  which  any  piece  of  elec- 
Testing        trical  apparatus  may  be  subjected  are 
Induction      those    neces.sary    to    determine    fully, 
Motors         its  performance  under   service  addi- 
tions.    Such  tests  bring  to  light  any 
defects  either  mechanical  or  electrical  in  its  design  or 
manufacture  before  the  apparatus  is  placed  in  actual 
service. 

In  the  case  of  induction  motors,  in  addition  to  the 
heating  limitations,  such  characteristics  as  efficiency, 
power-factor,  slip,  starting  current,  starting  torque 
and  maximum  torque  nnist  be  determined.  Two  gen- 
eral methods  are  available  for  this  purpose; — first, 
their  actual  measurement  by  means  of  some  form  of 
brake;  second,  their  computation  based  on  certain 
simple  tests  as  described  in  this  issue  of  the  Joltrnal. 
P.rake  tests  are  inherently  subject  to  great  inaccur- 
acies. For  commercial  purposes,  on  account  of  the 
difficulty  of  properly  dissipating  the  heat  and  of  ob- 
taining close  regulation,  the  use  of  the  brake  is 
limited  to  motors  of  under  100  horse-power  capacitv. 
On  account  of  these  limitations,  recourse  is  generallv 
had  to  some  form  of  computation,  and  there  are  al- 
most as  many  forms  as  there  are  designing  engineers. 
In  all  of  them,  due  largely  to  the  inability  to  measure 
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directly  the  voltage,  current,  power,  etc.,  in  the  sec- 
ondary windings  under  normal  operating  conditions, 
certain  assumptions  must  be  made.  On  the  accuracy 
of  these  assumptions  depends  the  accuracy  of  the  re- 
sults obtained.  Hence,  the  assumptions  are  only 
justifiable  when  the  probable  error  likely  to  result 
therefrom  has  been  carefully  investigated  and  found 
to  be  well  within  that  liable  to  exist  under  the  more 
direct  methods  of  measurement,  such  as  the  brake 
test.  These  assumptions  should  also  be  of  a  general 
nature;  that  is,  not  dependent  upon  any  particular 
type  or  design,  or  dependent  upon  some  characteristic 
known  only  to  the  designer.  Any  method  of  perform- 
ance computation  to  be  commercially  applicable  must 
be  capable  of  being  worked  out  intelligently  and  accur- 
ately by  men  not  experts  in  the  higher  branches  of 
either  engineering  design  or  mathematics. 

The  circle  diagram,  as  presented  in  the  present 
issue  of  the  Journal,  conforms  admirably  to  the  fore- 
going requirements.  The  assumptions  there  involved 
become  of  consequence  only  in  cases  of  high  second- 
ary loss,  as  in  machines  having  over  ten  percent  slip 
or  in  very  small  motors  where  the  no-load  losses  are 
a  large  proportion  of  the  total.  In  such  cases,  brake 
tests  or  the  more  complicated  methods  of  computation 
give  more  accurate  results.  Such  errors,  moreover, 
as  are  introduced  by  the  use  of  the  circle  diagram 
are  on  the  safe  side;  that  is,  the  actual  performance 
will  be  better  than  that  computed. 

Testing  operations,  to  be  satisfactory,  cannot  be 
carried  on  mechanically  or  in  absolute  accordance  with 
fixed  rules.  Rules  should  be  followed  where  possible, 
especially  in  commercial  work,  as  a  proper  respect  for 
system  tends  toward  efficiency,  but  the  application  of 
common  sense  and  the  ability  to  observe  are  essential. 
Perhaps  the  chief  difficulty  in  testing  operations  is  the 
matter  of  recording  the  data.  In  an)-  record  of  test, 
more  than  a  simple  mechanical  record  of  numerical 
results  is  necessary.  The  tester  must  always  keep  in 
mind  that  his  record  furnishes  the  only  information 
covering  the  operation  of  the  machine  and  it  should 
convey  to  any  one  referring  to  it,  as  complete  a  com- 
prehension of  such  operation  as  if  he  were  actually 
on  the  ground. 

The  importance  of  thorough  and  reliable  tests  on 
any  piece  of  apparatus  cannot  be  overestimated.  The 
manufacturer  and  customer  each  share  the  benefit. 
The  customer  is  assured  that  the  apparatus  will  satis- 
factorily meet  his  service  conditions.  The  manufac- 
turer determines  whether  or  not  his  material  has  been 
used  to  the  best  advantage.  As  competition  becomes 
more  and  more  severe,  refinements  in  design  and  in 
construction  are  essential.  That  changes  made  have 
been  to  the  advantage  of  all  concerned  can  only  be 
demonstrated  by  such  tests.  E.  I.  Chute 


The   reading  of    temperatures,    while 
Temperature  "^  unquestionable  importance    in    the 

Meas-  every    day    testing   of    electrical    ma- 

urements  chinery,  is  apt  to  assume  to  the  aver- 
age tester  a  rather  prosaic  hue,  the 
monotony  of  the  proceedings  being  varied  only  occa- 
sionally by  some  puzzling  inconsistency.  I-iesistances 
of  series  field  circuits,  including  connections  between 
coih,  for  instance,  have  been  known  to  measure  con- 
sistently lower  when  hot  than  when  cold,  making  the 
determination  of  temperature  by  the  rise  of  resistance 
method  of  questionable  value.  The  article  by  Mr.  O. 
W'.  A.  ( )elling,  in  this  issue  of  the  Jouknal,  which 
onllincs  some  of  tlic  temperature  conditions  existing 
ill  modern  i-lcrliical  iiKuliiiicr)-,  and  sonic  of  Ihe  pre- 
cautions which  must  he  exercised  in  measuring  ihcni, 
should  pro\e  of  value  to  every  tester.  It  is  especially 
valuable  as  an  adjunct  to  the  present  testing  series. 

The  method  of  testnig  interna!  temperatures  out- 
line! forms  the  first  really  practicable  method  of  meas- 
uring the  temperature  of  the  copper  and  iron  in- 
side the  machine.  A  complete  solution  of  this  problem 
involves  the  measurement  of  maximum  and  minimum 
temperatures  attained  in  the  various  parts,  together 
with  the  temperature  gradient  between  them,  as  de- 
termined by  the  known  characteristics  of  the  mater- 
ials involved,  such  measurements  being  entirely  im- 
possible with  the  ordinary  thermometer.  The  data 
presented  in  curve  form  allows  of  a  much  more  com- 
plete determination  of  the  actual  conditions  with  re- 
gards to  the  insulation  temperature  than  has  been 
possible  heretofore  by  direct  means,  as  well  as  indicat- 
ing the  direction  of  temperature  flow,  and  thus  makes 
possible  a  scientific  determination  of  the  ventilation 
requirements  of  such  machines.  Even  by  the  method 
outlined  it  is  not  feasible  to  place  the  thermo-couples 
in  direct  contact  with  the  copper  of  the  coils  on  ac- 
count of  insulation  difficulties,  but  the  assumption  that 
the  mid  point  in  the  insulation  between  two  coils  car- 
rying the  same  load  and  having  approximately  similar 
surroundings  will  reach  the  same  maximuin  temper- 
ature as  the  coils  themselves,  seems  entirely  reasonable. 
Such  determinations  are,  of  course,  of  interest  only 
to  the  designer,  or  to  the  user  in  so  far  as  he  cares  to 
assure  himself  that  they  have  been  considered  by  the 
designer. 

There  is  nothing  new,  of  course,  in  the  use  of 
thermo-couples  for  temperature  measurement.  The 
valuable  features  of  the  type  of  couple  described  are 
its  very  small  size,  its  sensitiveness  to  small  changes 
in  temperature  at  relatively  low  absolute  temperatures, 
as  compared  with  ordinary  thermo-couples,  and  the 
fact  that  it  is  at  once  direct  reading  and  independent 
of  the  resistance  or  length  of  the  leads  from  the  couple 
to  the  galvanometer.  Chas.  R.  Rikkr 
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THE  ALTERNATING-CURRENT  GENERATOR  IN  AMERICA 
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fOREU'ORU—Thc  follozviiig  article  contains  a  fairly  cuin[)lctc  brief  history  of  the  evolution  of 
the  alternating-current  generator  in  so  far  as  the  Company  with  which  the  writer  is  connected  is  con- 
cerned, as  drazvn  from  the  writer's  memory  principally.  Reference  is  made  incidentally  to  the  work  of 
other  manufacturing  companies,  but  this  cannot  be  very  complete,  as  the  writer  naturally  does  not  have 
the  necessary  material  available  for  describing  such  developments,  except  in  a  very  general  way.  There- 
fore, the  inadequacy  of  this  history,  outside  of  the  Wcstinghouse  part,  should  be  charged  to  the  lack  of 
data  rather  than   to  lack  of  respect  for  the  tvork   of  others. 


IN  the  early  days  of  the  alternating-current  gen- 
erator, it  was  constructed  in  almost  as  many 
types  as  there  were  designers.  The  principal  en- 
deavor of  each  designer  appeared  to  be  toward  the 
development  of  a  new  alternator  which  would  bear  his 
name.  A  few  of  these  early  types  were  of  the  rotat- 
ing field  construction,  while  a  much  greater  number 
were  of  the  rotating  armature  type.  Some  had  iron 
core  armatures,  while  others  had  coreless  armatures, 
and  there  were  many  discussions  as  to  whether  the 
core  or  the  coreless  type  was  superior  and  would  sur- 
vive. Many  of  the  early  predictions  would  now  fonr. 
quite  interesting  reading,  in  view  of  the  fact  that  pres- 
ent practice  is  so  far  removed  from  the  early  anticipa- 
tions. Here  and  there  among  the  early  machines  was 
one  which  contained  some  of  the  important  elements 
of  recent  apparatus,  but  in  many  cases  such  ma- 
chines disappeared  in  the  general  course  of  develop- 
ment, the  meritorious  features  being  insufficient  to 
save  the  type. 

.'SURFACE    WOUND    ARMATURES 

In  America,  the  principal  early  type  of  alternator 
had  a  rotating  armature  with  surface  windings  and  an 
external  cast  iron  multipolar  field.  This  type  was 
used  very  considerably  or,  in  fact,  almost  exclusivelv, 
from  1886  to  1890.  This  was  the  type  built  by  the 
Wcstinghouse  and  the  Thomson-Houston  Companies. 
There  were  only  minor  differences  in  the  construction 
of  the  machines  built  by  these  two  companies  which, 
however,  at  that  time,  appeared  to  I)e  very  great. 
These  differences  consisted  principally  in  the  way  the 
end  windings  of  the  armature  coils  were  supported,  in 


St  ruction  is  also  indicated  in  Fig.  i.  The  Slattery 
machine,  which  was  also  on  the  market  at  that  time, 
\\as  of  the  same  general  type  as  the  above  machines. 
Presumably  these  two  different  methods  of  end  wind- 
ing were  used  on  account  of  the  patent  situation.  At 
that  time  there  was  much  discussion  of  the  respective 
merits  of  the  two  constructions. 

These  early  machines  were  built  principally  for 
frequencies  of  15000  and  16  000  alternations  per 
minute  (125  and  133  cycles  i)er  second).  In  those 
days,  everything  was  rated  in  alternations  per  minute, 
as  this  represented  the  product  of  the  number  of  poles 
by  the  number  of  revolutions.  Such  high  frequencies 
were  selected,  mainly,  on  account  of  transformer  con- 
ditions, and  not  alternator  design.  Practically  all  al- 
ternating service  consisted  of  house  to  house  lighting, 
and  in  relatively  small  units,  and  the  higher  frequency 
was  supposed  to  be  of  great  advantage  in  transformer 
design  and  operation,  which  presumably  was  the  case 
with  the  very  small  amount  of  data  and  experience 
available  at  that  time. 

-Vbout  the  on^y  commercial  voltage  for  alternat- 
ing work  at  that  time  was  i  000  or  i  100  volts.  This 
was  supposed  to  be  excessively  high  and  dangerous, 
and  there  was  much  question  whether  such  an  ex- 
cessive voltage  should  be  permitted.  This  matter  was 
actually  taken  before  a  number  of  the  state  legisla- 
tures for  the  purpose  of  obtaining  laws  prohibiting  or 
limiting  the  use  of  such  voltage.  Another  reason  why 
no  higher  voltage  was  used  was  in  the  construction  of 
the  alternators  and  transformers.  With  the  experi- 
ence and  materials  available  at  that  time,  together 
with  the  high  speed  rotating  armature  construction 
the  construction  of  the  end  bells  and  ventilating  open-     and  the  surface  windings,  even  i  100  volts  was  a  ver>- 


mgs  in  the  armature  core,  in  the  method  of  attaching 
the  armature  core  to  the  shaft,  in  the  winding  of  the 
field  coils  in  metal  bobbins,  etc.  Both  machines  had 
surface  windings  with  concentric  coils,  one  layer  dee[) 
in  the  radial  direction.  In  the  ^\■estinghouse  con- 
struction, the  end  windings  were  turned  down  toward 
the  shaft  and  were  supported  by  radial  wooden 
clamps,  as  indicated  in  Fig.  i.  in  the  Thomson- 
Houston  armature,  the  end  windings  were  arranged 


serious  problem  in  the  generator.  About  1889  or  1890, 
there  appeared  some  slight  demand  for  higher  volt- 
ages, and  a  few  2000  or  2200  volt  surface-wound  al- 
ternators, of  the  then  standard  type,  were  built.  How- 
ever, even  then  it  was  recognized  that  the  surface- 
wound  type  of  alternator  was  not  well  adapted  for 
higher  voltages,  and  there  was  much  question  whether 
a  different  type  winding  should  not  be  developed  for 
I  100  volts.    This  gradually  led  to  the  next  big  step. 


m  an  axial  mstead  of  a  radial  direction,  and  were     namely,  the  development  of  the  "toothed"  type  of  al 
supported  by  bands  or   external   clamps.     This   con-      ternator  with  one  big  tooth   per  pole,   in   distinction 
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from  the  slotted  type  of  arnuiture  with  a  number  of 
slotb  per  pole,  which  was  a  considcrabl\-  later  develop- 
ment. 

TOOTHED  ARMATURES 

The  first  commercial  toothed  type  of  armature 
appears  to  have  been  gotten  out  by  the  Westinghouse 


fig.   i — surf.\ce  wound  .\r.m.\ture  with   kadi.al  cl.\mps 
(upper)  and  with  axi.\l  cl.\.\ip»   (lower) 

Company.  These  first  machines  were  radically  differ- 
ent, in  details  of  construction,  from  the  later  toothed 
armature  types  of  machines  which  came  into  general 
use.  The  first  toothed  armatures  were  small  air-gap 
machines.  In  the  surface-wound  armatures,  the  clear  ■ 
ance  between  tlie  armature  surface  and  the  field  poles 
was  comparatively  small,  although  the  total  air-gap 
(iron  to  iron)  was  large  on  account  of  the  surface 
winding.  In  constructing  the  new  toothed  armature, 
the  actual  clearance  (iron  to  iron)  between  armature 
and  field  was  kept  about  the  same  as  in  the  surface- 
wound  alternators  (bands  to  iron),  but  this  clearance 
actually  represented  the  total  air-gap  in  the  toothed 
type.     Moreover,   in  sinking  the  windings  below  the 


necessary  to  use  laminated  poles  with  these  machines 
in  order  to  avoid  excessive  field  heating. 

The  self-induction  of  the  armature  windings  on 
these  machines  was  very  high  compared  with  the  old 
surface-wound  armatures  and,  therefore,  in  order  to 
obtain  passably  good  regulation,  fewer  armature  turns 
had  to  be  used,  with  correspondingly  higher  induc- 
tions, and  this  made  the  use  of  solid  poles  impractic- 
able on  account  of  heating.  Furthermore,  on  account 
of  the  overhanging  tooth  tips,  the  small  air-gap  and 
the  high  induction  per  pole,  this  early  type  of  toothed 
armature  was  very  noisy.  In  one  instance,  it  was 
credibly  reported  that  one  of  these  machines  could  be 
heard  two  miles  away  on  a  quiet  night.  However, 
several  machines  of  this  construction  were  put  out  by 
the  Westinghouse  Company,  and  operated  for  many 
years. 

Meanwhile,  the  possibilities  of  the  toothed  arma- 
ture construction  in  the  old  cast  iron  field  were  being 
given  consideration.  The  writer  made  a  special  study 
of  this  matter,  and  finally  decided  that,  in  order  to 
make  this  construction  possible  with  solid  cast  iron 
poles,  it  would  be  necessary  to  work  at  relatively  low 


surface,  it  w-as  endeavored  to  maintain  a  practically 
uniform  outside  surface,  so  that  overhanging  tootii 
tips  were  used  with  relatively  narrow  slots  for  putting 
in  the  windings.  The  general  construction  was  similar 
to  Fig.  2.  On  account  of  the  small  clearance,  and 
consequent  higher  magnetic  conditions,  it  was  found 
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inductions  per  pole,  and  with  a  very  large  air-gap, 
(fullv  as  large  as  on  the  old  surface-wound  machines) 
and  with  a  shape  of  tooth  tip  which  did  not  have  such 
great  width  compared  with  the  pole  tip  as  shown  m 
Fig.  2.  This  meant  that  a  pole  tip  and  air-gap  as 
shown  in  Fig.  3,  should  be  used.  With  this  arrange- 
ment, the  armature  self-induction  would  still  be  rela- 
tively high,  and  the  regulation  correspondingly  bad, 
necessitating  some  form  of  compounding  for  regulat- 
ing the  voltage,  similar  to  the  compounding  of  a 
direct-current  generator.  This  armature  construction 
was  worked  out  in  detail  for  a  37.5  kilowatt  field 
(thait  is,  for  the  standard  field  of  the  37-5  l<w  surface- 
wound  type  of  machine).  The  armature  teeth  were 
similar  to  those  in  Fig.  3.  in  shape,  and  the  air-gap 
or  clearance  from  iron  to  iron,  was  made  Vs  inch  on 
each  side  of  the  machine.  The  field  was  also  com- 
pounded. When  this  machine  was  put  on  test,  it  was 
found  at  once  that  it  could  be  loaded  to  60  kilowatts 
without  undue  heating  of  the  armature  and  field  iron, 
and  the  problem  of  perfecting  this  machine  then  be- 
came one  merely  of  increasing  the  amount  of  arma- 
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turc  copper  to  carry  the  current  at  the  60  kilowatt 
rating.  Tliis,  therefore,  represented  a  big  step  in  the 
development  of  the  American  type  alternator.  It  was 
found  that  all  the  other  Westinghouse  standard  cast 
iron  machines  of  the  rotating  armature  type  could 
readily  be  changed  nx  line  with  the  above  improve- 
ment. 

COMPOUNDING    ALTERNATORS 

The  compounding  of  the  60  kilowatt  machine 
was  not  a  new  feature,  for  already  some  of  the  lami- 
nated field  toothed-armature  type  of  machines  had 
been  compounded,  in  order  to  improve  their  regula- 
tion. Two  different  methods  of  compounding  alter- 
nators had  been  developed  by  the  Westinghouse  and 
Thomson-Houston  Companies,  respectively.  In  the 
Westinghouse  armature  construction,  the  armature 
discs  were  punched  in  single  pieces,  with  spokes,  and 
were  threaded  directly  on  the  armature  shaft,  no  spider 
being  used.  This  construction  is  illustrated  in  Fig.  4. 
In  the  assembled  armature,  the  spokes  were  therefore 
of  laminated  material.  These  laminated  spokes  were 
utilized  as  the  core  of  a  compounding  transformer. 
One  lead  from  the  armature  winding  was  carried 
around  the  spokes  of  the  armature  before  passing  to 
the  collector  ring.  This  winding  formed  the  primary 
of  a  series  transformer.  The  secondary  was  also 
wound  on  the  spokes,  and  the  two  ends  were  carried 
to  the  bars  of  a  rectifying  commutator  on  the  shaft. 
The  number  of  commutator  bars  was  equal  to  the  num- 
ber of  poles.  The  alternating  current  from  the  sec- 
andary  winding  was  by  this  means  changed  to  a  pul- 
sating direct  current. 

In  the  Thomson-Houston  method  of  compound- 
ing, the  main  armature  current  was  carried  directly  to 
a  rectifying  commutator,  and,  after  being  commutated, 
was  passed  to  the  field-compound  winding,  and  back  to 
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the  commutator,  and  tiien  to  a  collector  ring.  The  main 
armature  current  therefore  passed  directly  through 
the  field,  while  in  the  Westinghouse  method  the  sec- 
ondary current  from  a  series  transformer  was  passed 
through  the  field.  Both  methods  represented  series 
compounding,  and  gave  practically  equal  results,  but 
there  was  much  discussion  as  to  the  merits  of  the-iwo 
methods.     Both  of  these  methods  delivered  pulsating 


direct  current  to  the  field  winding.  There  wa^  coubid- 
erable  inductive  e.m.f.  set  up  in  the  field  windings  by 
this  pulsation,  and  this  tended  to  cause  inductive  dis- 
charges across  the  rectifying  commutators.  In  the 
Thomson-Houston  method  this  trouble  was  overcome 
to  a  considerable  extent  by  the  use  of  a  non-inductive 
shunt  in  parallel  with  the  rectifying  commutator,  i.e., 


FIG.    5 — EARLY    WESTINGHOUSE    6o    KILOWATT    ALTERNATOR    WITH 
COMPENS.^TING   WINDING 

across  the  compound  winding.  In  the  Westinghouse 
method  a  similar  result  was  accomplished  by  saturat- 
ing the  series  transformer  (or  armature  spokes)  to 
such  a  high  point  that  the  inductive  kick  from  the  field 
could  readily  discharge  through  the  secondary  winding 
of  the  transformer  without  giving  high  enough  voltage 
to  flash  across  the  commutator. 

The  details  of  this  method  of  compounding  have 
been  gone  into  rather  fully,  as  this  compounding  was, 
at  that  time,  an  important  step  in  our  progress.  The 
fact  that  of  all  these  machines  were  built  for  single 
phase,  allowed  us  to  use  such  compounding.  With  the 
advent  of  polyphase  generators,  such  methods  of  com- 
pounding soon  disappeared,  principally  for  the  reason 
that  a  great  majority  of  the  early  polyphase  machines 
handled  separate  single-phase  loads  on  the  different 
phases,  and  it  was  not  practicable  to  compound  for 
these  independently. 

The  above  toothed  type  generator  came  into  use 
about  1890  and  lasted  for  several  years,  or  practically 
until  polyphase  generators  actually  came  into  fairly 
general  use  before  true  polyphase  loads  became  com- 
mon. These  toothed  type  generators  allowed  the  use 
of  relatively  high  voltages,  as  far  as  the  armature 
winding  was  concerned,  so  that  2^00  volts  became 
comparatively  common,  and  even  3  300  volts  or  higher 
was  used  in  some  cases.  In  fact,  the  limit  in  such 
machines  appeared  to  be  at  the  collector  ring-,  rather 
than  in  the  armature  winding. 

Something  may  be  said  regarding  the  tjpe  of 
winding  used  on  the  armatures  of  these  machines.  In 
the  Westinghouse  construction  the  armature  coils  were 
machine-wound  and  taped  before  placing  on  the  arm- 
ature core.     Each  coil  was  made  wide  enough  to  slip 


76 


THE  ELECTRIC  JOURNAL 


over  the  top  of  the  armature  tooth,  as  shown  in  Figs. 
6  and  7.  This  made  the  coil  consideraljly  wider 
than  the  body  of  the  armature  tooth,  so  that,  after 
shpping  over  the  tooth  toj)  the  coil  had  to  be  reduced 
in  width  by  special  clamping  tools.  Supporting  wedges 
were  then  driven  in  between  adjacent  coils. 

Something  may  be  said  regarding  the  tempera- 
tures of  these  early  alternators,  both  of  the  surface- 
wound  and  of  the  toothed  types.  In  those  days  tem- 
perature measurements  were  very  crude  compared 
with  present  practice,  which  is  admittedly  still  only 
approximate.  In  some  of  the  surface-wound  arma- 
tures excessively  high  temperatures  must  have  been  en- 
countered in  many  instances,  judging  from  the  appear- 
ance of  the  insulation  on  the  individual  wires,  after 
a  year's  service,  for  instance.  However,  it  was  diffi- 
cult to  obtain  reasonably  correct  temperature  of  the 
armature  windings,  for  the  actual  temperature  of  the 
conductors  w'as  undoubtedly  reduced  very  greatly  be- 
fore the  armature  could  be  brought  to  a  standstill. 
Even  after  this,  temperature  rises  of  50  or  60  degrees 
C.  were  not  considered  as  excessively  high.  Without 
doubt,  some  of  these  early  inachines,  at  times,  attained 
actual  internal  temperatures  of  120  to  130  degrees  C, 
or  even  higher,  with  insulation  on  the  conductors  con- 


Fin.  6^SKETCH  SHOWING  METHOD  OF  PUTTING  MACHINE  WOUND 
COILS  ON   THE  POLES 

sisting  of  untreaded  cotton  fibre.  Xo  overloads  were 
[wssible,  for  each  size  of  machine  was  rated  in  as 
many  "lights"  as  it  could  carry  on  a  shop  test  without 
breaking  down.  The  first  few  minutes,  while  starting 
up  a  new  alternator  in  the  testing  room,  were  always 
anxious  ones  for  the  operators,  especially  so  if  any 
"improvements"  had  been  made  on  the  armature  wind- 
ing. Any  defect  in  winding,  or  wrong  connection 
usually  resulted  in  a  stripped  armature  and  much 
flying  copper.  If  nothing  happened  within  the  first 
few  minutes  after  the  machine  was  put  on  load,  the 
attendants  all  came  out  from  behind  posts  and  other 
■protections  and  went  on  with  their  work. 

^^'hen  the  toothed  armature  came  into  use  the 
•above  conditions  were  much  alleviated.  Defects  in 
■construction,  or  short-circuits,  could  not  strip  such 
armatures,  and  thus  the  danger  and  excitement  were 
removed.  However,  it  was  found  that  the  first  short 
run  did  not  tell  the  story  of  excessive  heating  as 
promptly  as  in  the  case  of  the  surface-wound  type. 
Experience  showed  that  the  toothed  construction  ap- 
parently could  stand  a  severe  shop  test  and  still  go 
wrong  under  similar  loading  within  a  short  time  after 
lieing  installed.  It  was  found  that  a  given  size  of  con- 
ductor would  not  carry  as  much  current  in  the  con- 
centrated coils  of  the  toothed  construction  as  was  the 


case  in  surface-wound  coils.  However,  the  method  of 
testing  the  temperature  did  not  show  this,  as  the  main 
part  of  the  toothed  armature  coil  was  so  embedded 
and  so  covered  with  insulation  that  the  thermometer 
readings  did  not  indicate  nearly  the  true  temperatures. 
The  size  of  wire  and  the  amount  of  copper  in  the 
coils  then  had  to  be  increased  until  the  machines  did 
stand  up  in  service.  The  true  explanation  of  the  dis- 
crepancies was  not  well  understood  at  that  time.  In 
these  toothed  alternators,  as  in  the  surface-wound  ma- 
chines, the  first  machines  were  rated  in  "lights."  but 
gradually  the  kilowatt  rating  came  into  use  and  be- 
came standard  practice. 

INTRODUCTION  OF  POLYPHASE  ALTERNATORS 

In  1892  and  1893,  polyphase  alternators  began  to 
be  considered  seriously.  In  1889  and  1890,  a  few  such 
alternators  had  been  built  for  the  operation  of  Telsa 
induction  motors.  These  early  polyphase  alternators 
were  of  the  surface-wound,  rotating  armature  type. 
These  machines  were  very  special  in  construction, 
and,  like  the  Telsa  motors,  did  not  find  much  of  a  mar- 
ket. However,  in  1892  and  1893.  it  began  to  be  recog- 
nized that  the  best  way  to  encourage  the  development 
of  the  induction  motor  would  be  by  creating  a  demand 


FIG.    7 — VIEW    OF    ARM.\TURE    IN    PROCESS    OF    PLACING    COILS    AND 
CLAMPING  THEM   INTO   SHAPE  IN  THE  SLOTS 

for  it.  and  it  was  decided  that  a  good  way  to  create  a 
demand  would  be  by  encouraging  the  general  adoption 
of  polyphase  alternators  and  supply  circuits,  with  the 
idea  that,  when  a  suitable  supply  circuit  was  available, 
there  was  eventually  bound  to  be  a  demand  for  motors 
til  operate  upon  such  circuits.  With  this  general  policy 
in  view,  there  was  great  activity  in  the  development 
of  polyphase  generators.  This  very  quicky  led  to  a 
very  considerable  departure  in  armature  construction 
from  the  usual  toothed  armature  as  used  in  single- 
phase  machines.  The  pol\-phase  winding,  requiring 
two  or  more  coils  per  pole,  naturally  tended  toward 
the  slotted  armature  construction  with  two  or  more 
slots  per  pole.  It  was  soon  recognized  that,  in  gen- 
eral, the  larger  the  number  of  slots  per  pole  and  the 
smaller  the  number  of  conductors  per  slot,  the  better 
would  be  the  general  characteristics  of  the  machine, 
so  that  the  construction  naturally  tended  toward  the 
modern  slotted  type.  Moreover,  practically  all  the  de- 
velopment in  pohT^hase  alternators  was  at  relatively 
low  frequency,  compared  with  former  practice.  It 
so  happened  that  there  had  been  a  well-defined  tend- 
ency toward  lower  frequency  in  the  period  from  1890 
to    1892.      This    tendency    was    largely    independent 


THE  ELECTRIC  JOURNAL 


77 


of  the  in(liR-ti<_in  motor  problem  for,  at  the  time  it  be- 
came most  proiioimced.  tliere  was  no  true  induction 
motor  problem,  it  was  beconiing  recognized  that  125 
to  133  c\clcs  per  second  was  too  high  for  certain 
classes  of  work  and  for  engine  type  generators,  and 
that,  in  general,  a  very  considerably  lower  frequency 
must  eventually  be  adopted.  A  great  many  lower 
freciuencies  were  tried  by  the  different  manufacturing 
companies,  ranging  from  50  to  85  cycles.  However, 
60  cycles  seemed  to  have  the  preference  at  the  time 
polyphase  alternators  began  to  come  in. 

The  early  polyphase  generators  were  mostly  of  the 
rotating  armature  type,  antl  usually  with  a  fairly  large 
number  of  slots  per  pole.  One  notable  exception  was 
the  "monocycle"  machine  which  usually  had  only  two 
slots  per  pole,  one  large  slot  for  the  main  armature 
winding,  and  one  smaller  slot  for  the  so-called  "teaser" 
winding.  Also,  the  early  two-phase  alternators  of  the 
"inductor"  type,  built  by  the  Stanley-Kelly  Company, 
frequently  had  only  two  slots  per  pole.  However,  it 
may  be  said  that,  from  1893  to  about  1898,  the  great 
majority  of  the  American  built  alternators  were  of  the 
rotating  armature  type  with  distributed  armature 
windings.  The  jirincipal  exceptions  were  the  Stanley 
inductor  type  of  machines  and  a  few  special  "rotating 
field"  machines,  as  distinguished  from  the  inductor 
type. 

The  rotating  armature  machines  were  usually  of 
I  100  or  2  200  volts,  although  a  few  of  considerably 
higher  voltage  were  constructed.  A  few  cases  may 
be  cited  where  special  constructions  were  used.  For 
instance,  the  princii)al  lighting  plant  at  the  Chicago 
World's  Fair  in  1893,  consisted  of  a  large  number  of 
Westinghouse  "twin"  type  generators.  Each  unit  had 
two  single-phase,  standard  toothed  type  armatures 
side  by  side  on  the  same  shaft.  The  teeth  of  the  twn 
armatures  were  staggered  90  electrical  degrees  with 
respect  to  each  other,  so  that  the  two  togetlier  could 
deliver  currents  having  90  degrees  relation  to  each 
other.  The  object  of  this  construction  was  to  obtain 
poh  phase  current  w-ith  standard  single-phase  types  of 
machines  without  any  radically  new  development. 
This  type  of  unit  did  not  persist  and,  in  fact,  was 
simply  an  expedient  for  this  particular  occasion. 

THE  FIRST   XI.\(;.\R.\   GENERATORS 

Also,  in  1S92  and  1S93.  the  first  large  Niagara 
electrical  development  was  worked  out.  The  advisory 
engineers  of  this  plant  proposed  5  000  horse-power 
generators,  having  stationary  internal  armatures  and 
rotating  external  fields  to  obtain  large  flywheel  capac- 
ity. In  fact,  the  construction  was  not  unlike  the  usual 
rotating  armature  machine  of  that  period,  as  far  as 
general  appearance  of  the  arni.iturc  and  field  cores  and 
windings  were  concerned.  However,  the  method  of 
supporting  and  rotating  the  heavy  external  field  at  a 
speed  which,  at  that  time,  was  considered  excessively 
high,  required  an  "umbrella"  type  of  field  support, 
which  gave  these  machines  a  distinctive  appearance. 


This  type  of  construction  did  not  persist,  although 
these  early  machines  are  still  in  operation. 

A  further  distinctive  feature  in  these  first  Niagara 
machines  was  in  the  frequency  employed.  A  speed  of 
250  revolutions  per  minute  was  decided  upon.  The 
engineers  of  the  power  company  proposed  eight  pole 
machines,  giving  2  000  alternations  per  minute  or 
16  2/3  cycles  per  second.  The  Westinghouse  Com- 
pany proposed,  as  an  alternative,  16  poles,  giving 
2)2,  1/3  cycles,  the  advantages  claimed  for  this  fre- 
quenc}'  being  that  it  was  better  suited  for  motors  and 
rotary  converters,  which  were  then  promising  to  be- 
come of  importance.  One  advantage  claimed  for  tlie 
16  2/3  cycle  machine  was  that  it  would  permit  the 
use  of  commutator  type  alternating-current  motors. 
After  much  discussion,  and  weighing  and  balancing 
of  all  the  various  arguments  for  and  against  these 
two  frequencies,  it  was  finally  decided  to  use  12  poles, 
giving  3  000  alternations  per  minute,  or  25  cycle  poly- 
phase current  and,  as  far  as  the  writer  knows,  this 
was  the  origin  of  the  present  25  cycle  standard. 

Considering  what  a  radical  departure  from  or- 
dinary construction  was  made  in  these  first  Niagara 
generators,  it  is  self-evident  that  many  curious  and 
interesting  conditions  developed  during  their  design, 
construction  and  tests.  As  far  as  the  writer  knows, 
these  were  the  first  large  alternators  which  were  de- 
liberately short-circuited  at  their  terminals  when  run- 
ning at  full  speed  and  at  normal  field  charge.  There 
were  no  instruments  available  to  measure  the  first 
current  rush,  but  it  was  obvious  that  this  current  was 
far  greater  than  the  steady  short-circuit  current  of  the 
machine  under  similar  field  charge,  for  there  were 
ample  evidences  of  a  terrible  shock  at  the  moment  of 
short-circuit.  It  was  suspected  at  that  time  that  the 
first  rush  of  current  was  only  limited  by  the  armature 
impedance,  and  not  by  the  so-called  synchronous  im- 
pedance which  fixes  the  value  of  the  steady  short 
circuit  current. 

This  also  was  the  earliest  madiine  of  which  the 
writer  predetennined  the  field  form  and  wave  fomi 
by  analysis  of  the  flux  distribution.  Later,  when  mak- 
ing shop  tests  on  one  of  these  machines,  the  e.m.f. 
wave  form  was  measured  directly  by  rotating  the  field 
at  normal  field  charge  at  such  an  extremely  low  speed 
that  a  voltmeter  connected  across  the  armature  ter- 
minals showed  such  gradual  variations  in  e.m.f.  that 
readings  taken  at  regular  intervals  could  be  plotted  to 
form  the  voltage  w-ave.  Slow  rotation  was  obtained 
hv  means  of  a  steel  cable  wrapped  about  the  outside 
of  the  external  field  and  with  one  end  of  the  cable  at- 
tached to  a  small  diameter  .spindle  around  which  it 
was  wrapped  at  a  very  slow  rate.  This  was  a  ven- 
crude  method,  but  the  wave  form  thus  abtained 
checked  very  accurately  with  tests  made  some  years 
later. 

Also,  the  early  Niagara  machines  embodied  one 
of  the  first  distinct  attempts  to  ventilate  alternators 
artificially.     Early  belted  madiines  had  had  small  ven- 
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tilating  bells  on  each  end.  But  these  Niagara  ma- 
chines were  designed  primarily  with  a  view  to  setting 
up  an  abnormal  air  circulation  by  means  of  special 
"scoops"  or  ventilators  on  the  umbrella  supports. 
Very  much  thought  and  discussion  were  given  to  thi> 
subject  of  artificial  ventilation.  The  results  of  our 
tests  led  to  the  arrangement  of  thte  scoops  so  that 
they  acted  as  exhaust  pipes. 

Also,  water  cooling  of  the  armature  spider  was 
tried  on  some  of  these  early  machines,  but  proved  in- 
efifective,  due  to  the  fact  that  the  cooling  medium  was 
applied  too  far  away  from  the  point  of  development 
of  the  larger  part  of  the  armature  iron  and  copper 
losses. 

INFLUENCE  OF  DIRECT-CURRENT  DESIGN 

It  must  be  kept  in  mind  that  the  general  trend  of 
direct-current  development  had  a  certain  influence  on 
alternating-current  generator  work.  For  example, 
there  had  been  a  slow,  but  positive  tendency  in  direct- 
current  generators,  toward  the  engine  type  construc- 
tion. Also,  from  1890  to  1893,  direct-current  gen- 
erator armature  construction  had  changed  from  the 
surface  wound  to  the  slotted  type.  This  doubtless  had 
some  influence  in  changing  alternator  design  toward 
the  slotted  type,  especially  when  the  polyphase  type  of 
windings  came  into  use.  Also,  there  .was  a  pro- 
nounced tendency  toward  the  engine  type,  slow  speed 
alternator,  accompanying  direct-current  practice. 
Practically  all  of  these  early  engine  type  alternators, 
except  the  inductor  type,  had  rotating  armatures. 
Meanwhile,  an  interesting  development  took  place  in 
the  armature  construction  of  some  of  the^e  machines. 
In  most  oT  the  smaller  belted  machines,  open  arma- 
ture slots  were  used  with  machine-wound  armature 
coils.  However,  many  of  the  early  larger  macliines, 
especially  of  the  engine  type,  were  built  for  relatively 
low  voltage,  such  as  440  volts,  two  or  three  phase. 
This  admitted  in  many  cases  of  simple  bar  windings 
with  -One  or  two  conductors  per  slot.  This  allowed 
partially  closed  armature  slots  with  shoved-through 
straight  conductors,  and  bolted-on  end  windings,  giv- 
ing a  very  strong  substantial  type  of  winding  for  re- 
sisiting  the  rotational  stresses.  The  partially  closed 
slot  became  a  sort  of  standard  in  Westinghouse  ma- 
chines, and  endured  for  a  number  of  years,  and  was 
even  carried  into  the  stationary  armature  type  of  ma- 
chine when  rotating  fields  came  into  general  use.  This 
partially  closed  slot  arrangement  was  a  very  good  one 
as  long  as  the  generator  voltages  were  relatively  low. 
The  same  may  be  said  of  the  rotating  type  of  anna- 
ture  as  a  whole.  However,  when  high  voltages  came 
into  more  general  use,  a  different  construction  was 
preferable. 

In  revie-wing  the  period  of  the  rotating  armature, 
slotted  types  of  machines,  the  monocyclic  system 
should  be  briefly  described.  Apparently  this  was  gotten 
out  with  the  idea  that  it  avoided  the  patented  features 
of  the  Tesla  polyphase  system.  The  armature  circuits 
on  this  monocyclic  system  were  so  arranged  that, 
when  carrying  load,  one  phase  carried  nearlv  all  of 


the  energy  load,  while  both  phases  supplied  magnetiz- 
ing current  for  the  operation  of  induction  motors. 
During  the  period  when  this  machine  was  in  vogue, 
single-phase  lighting  work  represented  the  principal 
service,  while  induction  motor  loads  were  relatively 
small.  With  increased  use  of  polyphase  loads,  and 
with  the  elimination  of  the  patent  situation,  the  mono- 
cyclic system  gradually  dropped  out. 

It  was  early  recognized  that  a  stationary  arma- 
ture winding  would  be  an  ideal  one  in  some  respects, 
but  it  was  thought  that  any  rotating  field  construction 
w'as  bound  to  be  a  difficult  and  expensive  one.  The 
inductor  type  construction  was  supposed  by  some 
engineers  to  overcome  the  objections  to  the  rotating 
field,  but  many  others  considered  that  this  type  was 
not  a  final  one,  as  it  did  not  use  the  magnetic  material 
in  the  machine  to  the  best  advantage.  In  the  earlier 
alternators,  with  insufiicient  ventilation  through  the 
armature  core,  relatively  low  magnetic  densities  were 
necessary  to  avoid  excessive  iron  heating,  and  the  in- 
ductor alternator,  with  its  non-reversal  of  armature 
flux,  was  worked  at  almost  double  the  induction  of 
the  rotating  armature  type  of  machine,  and  thus  the 
disadvantages  of  the  non-reversal  of  flux  of  the  in- 
ductor type  were  masked.  In  other  words,  the  in- 
ductor alternator  was  worked  well  up  toward  satura- 
tion, while  the  other  types  were  worked  at  only  about 
half  saturation.  However,  with  improvements  in 
ventilation  due  to  radial  ventilating  ducts,  improve- 
ments in  iron  by  better  annealing  and  painting  of  the 
laminations,  etc.,  the  flux  densities  in  the  rotating 
armature  machines  were  gradually  increased  until 
high  densities,  approaching  saturation,  were  reached. 
A  corresponding  increase  in  flux  densities  in  the  in- 
ductor type  was  not  possible,  on  account  of  satura- 
tion. Therefore  the  rotating  armature  type  of  ma- 
chine, in  the  later  designs,  was  much  more  economical 
than  the  inductor  type,  although  the  latter  had  a  very 
considerable  advantage,  especially  at  high  voltages,  in 
its  stationary  armature  construction.  Due  to  the 
merits  of  the  stationary  armature  construction,  the 
present  rotating  field  type  of  machine  was  gradually 
evolved,  which  possesses  the  advantages  of  the  sta- 
tionary armature  of  the  inductor  type  machine  and 
the  reversing  flux  of  the  rotating  armature  alteniator. 
It  was  the  development  of  this  type  of  machine  which 
sounded  the  death-knell  of  the  inductor  type.  How- 
ever, the  Westinghouse  Company,  about  1897,  de- 
cided to  bring  out  a  line  of  inductor  type  alternators 
to  meet  market  conditions,  although  such  decision  was 
contrary  to  the  recommendations  of  the  designing 
engineers  of  the  company,  whose  recommendation  in 
particular  was  in  favor  of  the  rotating  field  construc- 
tion as  a  more  permanent  type.  However,  as  the  ro- 
tating field  t3'pe  was  not  yet  established,  except  in  a 
very  minor  way,  and  as  the  inductor  type  had  been 
on  the  market  for  years,  it  was  decided  to  build  the 
inductor  type,  although  the  design  adopted  was  some- 
what dift'erent  from  the  Stanley  type.  Three  sizes  of 
thc~e  machines  were  built,  two  belted  and  one  engine 
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type,  but  the  inductor  type,  as  a  commercial  proposi- 
tion, soon  died  out. 

One  of  'tl:e  interesting  peculiarities  of  tiie  in- 
ductor type  alternator,  as  usually  built,  was  in  the 
enormous  stray  field  appearing  in  the  shaft,  bearings, 
bedplate,  and  sometimes  in  the  engine-governing 
mechanism  in  engine  type  units,  necessitating  in  at  least 
one  case,  the  use  of  brass  governor  balls.  In  the  usual 
construction  of  inductor  alternator,  there  was  but  one 
exciting  winding.  The  magnetic  circuit  and  the  field 
winding  were  arranged  as  in  Fig.  8,  which  show 
both  the  Stanley  and  the  W'estinghouse  constructions. 
The  normal  or  useful  path  of  the  magnetic  flux  is  in- 
dicated by  the  dotted  lines  </,  a.  Obviously,  the  dcld 
coil  which  set  up  flux  thrmigh  these  paths  could  al.so 
send  magnetic  flu.xes  through  the  shaft,  bearings  and 
bedplate  along  the  dotted  lines  h,  b.  Moreover,  if 
the  two  bearings  were  not  connected  by  a  magnetic 
bedplate,  as  might  be  the  case  in  engine  type  machines, 
then,  in  two-crank  engines  the  engine  cylinders  and 
other  parts  became  opposite  poles  of  a  very  powerful 
electro-magnet,  when  the  field  coil  was  excited.     The 
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-SKETCH   OF  MAGNF.TIC  CIRCUIT  OF  AX  INDUCTOR 
ALTERNATOR 


Stray  magnetic  field  set  up  in  engine  type  units  was 
sometimes  so  strong  as  to  interfere  with  the  governing 
mechanism.  .\lso,  with  a  strong  undirectional  flu.x 
between  the  bearings  and  shaft,  each  bearing  became 
part  of  a  small  unipolar  generator,  of  which  the  bear- 
ing surfaces  formed  the  brushes.  In  some  machines, 
quite  heavy  currents  were  generated  in  the  bearings, 
sufficient  to  "eat  away"  the  bearing  surfaces  or  to  pit 
them  so  that  bad  bearing  operation  resulted.  As  this 
was  primarily  a  magnetic  trouble,  insulating  the  bear- 
ings from  their  pedestals  would  not  stop  the  action. 
To  overcome  this  trouble,  the  Stanley  Company  added 
a  "bucking"  coil  placed  around  the  shaft  at  one  side 
of  the  generator,  this  coil  being  in  series  with  the  main 
field  winding  and  magnetizing  in  the  opposite  direc- 
tion. The  ampere-turns  of  this  bucking  coil  being 
made  equal  to  those  of  the  field  coil,  the  resultant 
ampere-turns  between  the  two  bearings  would  be  zero. 
Obviously,  in  an  alternator  with  a  bedplate  and  two 
bearings  in  which  the  armature  frame  rested  directly 
on  the  bedplate,  a  single  bucking  coil  at  one  side  of 
the  machine  would  not  neutralize  the  stray  field 
through  both  bearing's. 


ROT.JiTINC.  FIELD  GENERATORS 

Considering  next  the  rotating  field  type  of  ma- 
chines, possibly  the  earliest  example  was  the  Niagara 
type,  mentioned  Ijefore.  Tiiis  had  an  internal  sta- 
tionary armature,  with  windings  on  its  outer  periphery 
like  the  ordinary  rotating  armature.  Outside  this  was 
the  rotating  field,  consisting  of  a  heavy  forged  steel 
ring  with  inwardly  projecting  poles.  However,  this 
ty|)e  of  construction  was  relatively  expensive,  and 
was  never  adopted  generally.  The  more  modern 
rotating  field  type  of  alternator,  with  external  sta- 
tionary armature,  was  a  rather  gradual  development 
and,  during  this  period,  there  was  much  heated  dis- 
cussion as  to  the  relative  advantages  of  the  rotating 
field  and  rotating  armature  types.  The  rotating  neid 
gradually  superseded  the  rotating  armature  construc- 
tion for  a  number  of  reasons,  the  principal  one  ha\  ing 
to  do  with  the  armature  windings  and  voltages.  In 
the  rotating  armature,  the  end  windings  were  more 
difficult  to  support  than  in  the  stationary  armature 
.\lso,  with  the  gradual  advent  of  higher  voltages,  the 
stationary  winding  proved  to  be  far  superior.  Mov.-- 
ever,  as  a  goodly  proportion  of  the  alternators  built 
during  this  transition  period  were  of  the  engine  type 
and  for  low  voltage,  in  which  heavy  bar  windings 
could  be  used,  (such  being  conditions  under  which  the 
rotating  armature  made  its  best  showing.)  this  type 
persisted  for  several  years  after  the  rotating  field  type 
became  commercial.  Gradually  increasing  voltages, 
however,  necessitated  the  use  of  stationary  armature 
machines,  for  at  least  part  of  the  business.  The 
manufacture  of  two  types  of  apparatus  for  the  same 
general  purpose  could  not  persist,  and  eventually  that 
"type  was  adopted  exclusively,  which  allowed  both  high 
and  low  voltages.  By  1900,  the  rotating  field  alter- 
nator had  come  into  very  general  use,  and  the  rotating 
armature  type  was  disappearing.  This  rotating  field 
type  has  persisted  until  the  present  time,  although 
many  minor  modifications  have  been  brought  out  from 
time  to  time,  due  largely  to  change  in  speed  condi- 
tions, etc. 

In  the  rotating  field  development,  the  tendency 
for  a  number  of  years  was  strongly  toward  the  engine 
type  construction  and  relatively  low  speeds  in  many 
cases.  The  construction  was  carried  to  the  extreme, 
in  some  cases,  where  the  usual  flywheel  capacity  re- 
quired for  the  slow  speed  engines  was  incorporated  in 
the  field  structure  of  the  alternator  itself.  In  some 
cases,  this  meant  enormously  large  machines  for  the 
output.  .\  prominent  example  of  this  is  found  in  the 
seventeen  6000  kilowatt  engine-type  machines  de- 
signed in  1899  and  1901  respectively,  and  installed 
in  the  Filty-nintli  and  Seventy-fourth  street  power 
stations  of  the  Interboro  Rapid  Transit  Com- 
pany of  New  York  City.  .\s  an  indication  of  the 
changes  taking  place  in  the  electrical  field,  it  may  be 
stated  here  that  arrangements  have  been  made  recently 
to  take  out  a  number  of  these  machines  and  install  in 
their  place  30  000  kw  turbo-generator  units.  The  exist- 
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ing  engine  type  machines  are  probably  in  as  good  con- 
dition now  as  when  first  installed,  and  are  being  re- 
])laced  simply  because  they  occupy  too  much  space  in 
proportion  to  their  output. 

The  rotating  field  alternator  of  the  early  days  was 
not   radically   different   from   the  rotating  field  aiter- 


iiG.  9 — SHOP  VIEW  OF  5000  horse-powi;r  two-phase 

NIAGARA   ALTERNATOR 

nator  of  today,  the  principal  ditterences  being  in  tl.e 
type  of  armature  windings,  methods  of  ventilation,  etc. 

FIELD  CONSTRUCTION 

In  the  types  of  field  windings  there  has  been  but 
little  change.  In  many  of  the  old  stationary  field  ma- 
chines of  large  capacity,  the  field  windings  consisted 
of  strap  wound  on  edge,  one  layer  deep.  For  smaller 
machines,  either  square  or  round  wire  was  commonly 
used  In  the  later  rotating  field  machines,  similar 
constructions  are  used.  In  the  construction  of  the 
field  itself,  there  have  been  some  variations  and  modi- 
fications. In  many  of  the  older  machines  the  poles 
were  laminated  as  at  present.  The  method  of  attach- 
ing the  poles  varied  in  different  constructions.  In 
many  of  the  earlier  Westinghouse  rotating  fields  the 
laminations  were  punched  with  two  or  more  poles  in 
one  piece,  the  p>oles  having  no  overhanging  tips,  and 
the  field  coils  being  held  in  place  by  metal  wedges  be- 
tween pole  tips,  fitted  into  notches  or  grooves  at  the 
pole  tips,  each  pole  being  attached  to  the  field  ring  or 
yoke  by  means  of  bolts  or  dove-tails.  This  latter  con- 
struction possesses  numerous  advantages,  in  that 
cheap  dies  can  be  used,  and  the  same  pole  punchings 


can  be  used  for  a  number  of  dififerent  designs,  in  which 
either  the  diameter  or  the  number  of  poles  is  varied. 

WATKR   WHEEL  TYPE  GENERATORS 

With  the  advent  of  the  turbo-generator  on  a  large 
scale,  the  engine  type  rotating  field  alternator  almost 
disappeared  from  the  manufacturing  field,  except  in 
the  smaller  size  units.  However,  during  this  period 
there  has  been  a  gradual  development  in  the  use  of 
water  powers,  and  water-wheel  driven  generators  have 
come  into  much  greater  prominence  in  the  past  few 
years.  In  this  line  of  development,  speeds  and  ca- 
pacities, unheard  of  in  the  earlier  days,  have  become 
accepted  practice  with  the  development  of  both  high- 
head  and  low-head  water  powers.  In  the  former  the 
tendency  has  been  toward  very  high  speeds  for  a  given 
capacity  such  as  the  17  000  k.v.a.,  375  r.p.m.,  Westing- 
house  machines,  built  for  the  Pacific  Light  &  Power 
Company,  and  the  loooo  k.v.a.,  600  r.p.m.,  \\'esting- 
house  generators,  built  for  the  Sao  Paulo  plant  in 
Brazil.  Typical  examples  of  low-head,  slow-speed 
practice  are  found  in  the  60  cycle,  75  r.p.m.,  96  pole, 
2  700  k.v.a.  Westinghouse  generators  for  the  Stevens 
Creek  development,  and  the  25  cycle,  58  r.p.m.,  52 
pole,  9  000  k.v.a.  General  Electric  generators  for  the 
Keokuk  plant.  The  former  are  abnormal  in  the  very 
large  number  of  poles  required  for  moderate  output, 
while  the  latter  are  abnormal  in  the  very  low  speed. 
Both  of  the  above  machines  are  of  the  vertical  type, 
and  are  examples  of  a  very  pronounced  tendency  to- 
ward vertical  machines,  which  has  been  apparent  in 
the  later  water  wheel  practice. 


FIG.    10 — STATOR  OR    ARMATURE   OF    XIAG.\RA   ALTERNATOR 

On  account  of  the  high  speeds  of  some  of  the 
modern  rotating  field  alternators,  mechanically 
stronger  spiders  have  come  into  general  use.  Even  in 
moderate  speed  units  the  usual  high  runaway  over- 
speed  of  100  percent  has  necessitated  the  use  of  very 
substantial  spiders. 

{To  he  continued) 


Purchased  Power  and  Bituminous  Coal  Mining 

A.    E.    RlCKARDS, 

General  Manager 
Industrial  Engineering  Company,  Pittsburgh,  Pa. 

PLRCHASED  power  affords  so  many  advant-  punchers 
ages  to  the  majority  of  bituminous  coal  oper- 
ators that  it  will  probably  be  only  a  question 
of  lime  until  most  of  them  will  be  using  it.  In  the 
meantime  the  coal  operators  must  become  acquainted 
with  the  merits  of  central  station  power,  and  the 
power  companies  must  first  learn  how  power  is  used 


to  produce  coal  economically,  and  what  advantages 
their  service  offers  over  power  plants  at  the  mines 
operated  by  the  coal  producer. 

THE    PRESENT    SITUATION 

The  situation  before  the  average  coal  operator 
is  such  that  purchased  power  will  supply  a  means  to 
assist  in  solving  some  of  his  most  difficult  problems. 
These  are: — 

I — How  to  increase  the  production. 

2 — How  to  reduce  the  cost  of  mining. 

3 — How  to  keep  the  increase  in  the  investment 
consistent  with  the  increase  in  production. 

Many  operators  realize  that  electricity  applied  to 
their  mines  will  enable  them  to  increase  their  output, 
but  are  holding  oft'  because  of  the  investment  required 
to  equip  a  mine  electrically  and  install  generating  ap- 
paratus. A  mine  now  using  steam  power  and  mule 
haulage  can  change  to  electric  power  at  a  minimum 
expense  if  the  electricity  is  purchased  from  a  power 
company,  since,  by  so  doing,  the  greatest  item  of  ex- 
pense (the  power  plant)  is  eliminated.  In  this  man- 
ner the  tonnage  can  be  increased  with  but  a  small  in- 
crease in  the  capital  account.  With  an  isolated  plant, 
the  increase  in  the  demand  for  power  per  ton  of  coal 
mined,  as  the  underground  workings  are  extended, 
frequently  requires  expensive  alterations  and  additions 
in  the  power  house.  When  central  station  service  is 
used,  additional  power  can  be  secured  at  any  time. 

Tl.e  power  required  by  the  average  mine  today 
is  three  times  greater  than  the  amount  necessary  ten 
years  ago.  \\"\X\\  the  growing  demand  for  coal  from 
individual  workings,  the  cost  to  produce  it  has  become 
greater  and  the  capital  necessary  has  increased  still 
moro  largely,  so  that  it  is  becoming  increasingly  diffi- 
cult to  finance  increases  or  alterations  in  mine  power 
plants.  By  purchasing  power  the  tonnage  can  be  in- 
creaseo,  the  production  costs  reduced  and  extensions 
can  be  made  at  a  minimum  expense.  The  idea  of  an 
isolated  power  plant  is  so  firmly  rooted  in  the  average 
operator's  mind,  however,  that  he  must  first  become 
acquainted  with  the  possibilities  of  purchased  power. 

POWER 

Power  is  used  in  bituminous  mines  to  operate 
pumps,  fans,  hoists,  haulage  and  gathering  locomo- 
:tivev,    gathering    reels,    coal    cutting    machines    and 


A  general  plan  cannot  be  laid  out  liiat  will 
apply  to  the  electrification  of  all  mines.  Each  type 
presents  problem  in  itself  and  must  be  specially 
treated  as  needed  to  cover  its  own  peculiar  conditions. 
The  following  is  a  general  outline  of  the  applications 
most  commonly  used. 

Small  pumps  are  driven  by  250  or  500  volt  direct- 
current  motors.  They  are  frequently  operated  only 
(luring  the  day,  and  the  power  supply  is  taken  from 
the  rearest  trolley  or  cutting  lines.  Larger  pumps  in 
many  cases  are  operated  only  at  night,  or  are  operated 
continuous!)-,  and  are  commonly  driven  by  2  300  volt 
alternating-current  motors.  The  fans  operate  con- 
tinuously and  are  also  driven  by  2  300  volt  alternating- 
current  motors.  The  principal  advantage  of  this  ap- 
plication for  the  large  pumps  and  fans  is  that  it  allows 
the  use  of  a  smaller  motor-generator  set,  the  losses  in- 
curred in  transforming  alternating  to  direct  current 
are  eliminated,  the  motor-generator  sets  may  be  oper- 
ated only  during  the  day  or  at  such  times  as  the  mines 
are  in  operation,  and  the  total  capital  expenditure  is 
much  less.  Haulage  and  gathering  locomotives,  gath- 
ering reels,  coal-cutting  machines  and  punchers  are 
driven  either  by  250  or  550  volt  direct-current  motors. 

OLD   METHODS 

The  methods  used  in  the  early  days  to  mine  coal 
were  very  primitive.  The  operation  generally  con- 
sisted of  digging  a  hole  in  the  side  of  a  hill  at  the  out- 
crop. The  coal  was  undermined  with  a  pick  and  then 
forced  down  with  wedges.  It  was  then  loaded  into 
small  cars  running  upon  wooden  rails,  and  after  which 
the  cars  were  pushed  out  to  the  surface  by  men.  As 
the  distances  from  the  surface  became  greater  the 
work  of  pushing  the  cars  in  and  out  became  quite 
burdensome.  Mules  were  then  initiated  into  the  mys- 
teries of  underground  haulage.  This  faithful  animal 
has  become  so  firmly  rooted  in  this  occupation  that  it 
will  be  some  time  before  he  has  become  completely 
supplanted  by  more  economical  methods  of  haulage. 

PUMPS 

The  first  power  required  in  the  early  mines  was 
for  <he  water  pumps.  Unless  the  entries  could  be  so 
driven  that  the  mine  was  self-draining,  more  or  less 
water  would  accumulate  in  the  workings,  which  had 
to  be  pumpeu  out  to  keep  the  mine  in  operation.  This 
pumping  was  at  first,  and  is  still,  largely  accomplished 
by  steam  pumps,  mostly  of  the  reciprocating  t^-pe. 
The  steam  is  generated  in  a  boiler  plant  located  near 
the  pit  mouth  and  then  carried  underground  to  the 
pumps,  through  steam  lines,  which  are  frequently  of 
considerable  length.     In  the  hard  coal  region  it  is  a 
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coninion  experience  to  see  a  steam  line  carried  over 
the  surface  of  the  ground  for  several  thousand  feet 
from  the  boiler  plant  and  then  disappear  down  a  bore 
hole  several  hundred  feet  to  a  pump.  Only  very  poor 
economy  can  be  obtained  under  such  conditions  due  to 
the  large  amount  of  condensation,  drop  in  steam  pres- 
sure and  leaks.  The  reciprocating  type  of  pump  tak- 
ing steam  at  full  stroke  is  also  inherently  uneconom- 
ical in  the  use  of  steam.  They  often  consume  120  to 
130  pounds  of  steam  per  horsepower  hour. 

Compressed  air  is  also  used  to  quite  a  large  ex- 
tent in  operating  pumps.  The  disadvantage  of.  this 
system  is  that  it  requires  considerable  compressor 
capacity  ;  also  it  is  not  as  economical  as  steam  although 
it  has  the  advantage  of  no  condensation. 

In  the  better  class  of  mines  the  steam  and  the  air 
pumps  are  being  replaced  by  electrically  driven  pumps, 
thus  effecting  a  considerable  saving  in  the  upkeep  of 
the  pumps  and  in  the  power  consumption.  The  losses 
in  electric  systems  are  comparatively  low  and  the 
maintenance  can  be  kept  low  with  very  little  attention. 

For  small  pumps  up  to  25  horse-power,  direct- 
current  motors,  geared  to  duplex  or  triplex  pumps,  are 


lines  are  often  long  and  frequently  uncovered,  so  that 
the  steam  losses  are  high. 

Owing  to  the  importance  of  the  fan  operation,  any 
new  method  of  drive  must  prove  itself  reliable  before 
mine  operators  consent  to  its  use.  The  electric  mo- 
tor has  proven  itself  most  reliable  and  dependable 
when  applied  to  a  mine  fan.  It  has  many  advantages 
over  the  steam  engine  as  it  requires  less  attention,  less 
repairs,  consumes  less  power  and  the  continuity  of 
operation  is  more  assured. 

In  applying  an  electric  motor  to  a  mine  fan  it  is 
seldom  possible  to  use  a  direct-connected  motor  owing 
to  the  inherent  low  speed  of  the  mine  fan.  Belting, 
gearing  and  chain  drives  are  the  methods  generally 
used,  belting  being  the  most  satisfactory  when  tRe  re- 
duction is  not  too  great.  Both  alternating  and  direct- 
current  motors  are  used,  the  advantages  being  with 
the  alternating  current  motor  when  purchasing  elec- 
tricity, as  no  transformation  is  necessary;  also  with 
this  arrangement  the  direct-current  power  equipment 
can  be  shut  down  during  a  portion  of  the  24  hours. 
In  some  mines  the  fans  are  operated  at  the  same  speed 
24  hours  per  day,  while  in  others,  they  are  run  full 


FIG.    I — MOTOR-OPERATED    CENTRIFUGAL    MINE    PUMP 

generally  used  because  the  source  of  power  for  them 
is  taken  from  the  nearest  haulage  or  cutting  lines. 
The.-e  motors  are  usually  arranged  for  self -starting 
and  require  very  little  attention.  The  larger  pumjjs 
are  f.enerally  of  the  centrifugal  type  and  it  is  the  com- 
mon practice  to  drive  them  with  alternating-current 
motors.  The  practice  in  some  of  the  large  mines  is  to 
operate  several  small  reciprocating  pumps  throughout 
the  mine  during  the  day,  pumping  into  a  common 
sump.  The  sump  is  then  pumped  out  at  night  with 
large  centrifugal  pumps,  this  arrangement  improving 
the  load-factor  to  a  considerable  extent. 

VEXTil.ATIXG  SYSTEMS 

The  next  department  about  the  mine  to  require 
power  was  the  ventilating  system.  In  the  early  days 
the  operators  depended  entirely  upon  natural  draft  or 
furnaces.  Now  a  forced  or  induced  draft  produced 
by  a  power-driven  fan  has  become  the  most  reliable 
method  of  ventilation.  A  large  percentage  of  these 
fans  are  driven  by  steam  engines ;  however,  the  steam 


FIG.   2 — STEAM    DRIVEN    FAN    CHANGED  OVER   To    MOIuR  DRIVE 

speed  during  the  day  and  at  one  half  speed  during  the 
night,  on  Sundays  and  holidays.  In  this  way  consid- 
erable power  can  be  saved.  The  method  used  de- 
pends upon  the  locality,  and  the  amount  of  gas  in  the 
mines. 

AA'hen  direct-current  motors  are  used  for  this 
work  they  are  usually  of  the  shunt  type.  By  using 
commutating  poles  a  considerable  variation  in  speed 
can  be  obtained  by  field  control  at  high  economy.  For 
constant  speed  fans  driven  by  alternating-current  mo- 
tors, the  squirrel-cage  type  i?  used.  When  two  speeds 
are  desired,  a  double-winding  squirrel-cage  motor  is 
satisfactory.  If  a  variation  in  speed  is  required,  a 
wound-secondary  motor  must  be  used  with  resistance 
inserted  in  the  secondary  circuit  to  reduce  the  speed. 
With  this  application  the  economy  at  low  speed  is  of 
course  low,  but  as  the  power  to  drive  a  fan  varies 
about  a?  the  cube  of  the  speed,  the  actual  power  lost 
is  not  large  at  greatly  reduced  speeds.  The  motor  and 
control  for  a  mine  fan  should  be  as  simple  and  reli- 
able as  possible.     A  properly  installed  motor-driven 
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fan  will  operate  over  long  periods  of  time  with  prac- 
tically no  attention,  beyond  an  occasional  inspection. 

HAULAGE 

As  coal  mines  became  better  developed  and  the 
lengrh  of  the  haul  increased,  it  soon  become  evident 
that  some  mechanical  method  of  haulage  must  super- 
cede the  animal  haulage,  since  the  expense  increased 
very  rapidly,  as  the  length  of  the  haul  became  greater. 
Rope  haulage  was  first  tried,  the  rope  being  driven 
by  a  steam  engine.     There  are  many  conditions  today 


the  universal  practice.  The  motors  are  series  wound 
and  in  the  later  types  are  equipped  with  commutating 
l>oles,  which  greatly  increase  the  reliability  of  the 
motor.  This  feature,  to  a  large  degree,  also  reduces 
the  cost  of  motor  repairs  and  consequent  delays.  The 
controller  is  of  the  drum  type  arranged  for  series  and 
parallel  operation. 

Most  locomotives  are  equipped  with  two  motors, 
although  three  motors  are  sometimes  used  on  large 
locomotives.  Where  a  heavier  locomotive  is  required 
than  the  rails  can  carry,  two  locomotives  are  coupled 


FIG.  3. — THE   OLD   AXU   THE    NEW    METHOD   OF   Ml.N'E    n.AULAoE 

where  the  rope  provides  the  best  system  of  haulage. 
For  the  majority  of  conditions,  however,  the  electric 
locomotive  has  proven  the  most  economical  and  effi- 
cient method  for  both  haulage  and  gathering.  Our 
old  friend  the  mule  has  been  driven  from  the  main 
haulage  in  the  larger  mines  for  some  time  and  is  now 
making  his  last  stand  at  the  gathering.  The  average 
period  of  service  of  mine  mules  is  not  over  four  years. 
The  cost  for  feed,  harness,  veterinary  services  and 
stabling  will  average  50  cents  per  day.  Adding  the 
cost  of  the  drivers  to  this,  it  is  not  difficult  to  show 
a  considerable  saving  by  the  use  of  locomotives. 

In  extremely  gaseous  mines,  compressed  air  loco- 
motives are  sometimes  used  to  advantage.     This  type 


FIG.    5 — REEL    HOIST    BCH-T    FOR    HECLA     MINING    COMPANY 

together  and  operated  in  tandem  from  one  controller 
as  shown  in  Fig.  4. 

Gasoline  locomotives  are  being  tried  for  main 
haui.ige  but  so  far  have  met  with  indifferent  succe>5. 

GATHERING 

For  gathering  service  two  types  of  reels  are  used 
for  collecting  the  cars  from  the  rooms  to  which  the 
trolley  wires  have  not  been  extended.  The  cable  reel 
consists  01  a  single  or  double  conductor  cable  wound 
upon  a  small  drum  and  so  arranged  that  a  tension  is 
kept  on  the  cable  at  all  times.  This  cable  supplies 
power  to  the  locomotive  and  unwinds  and  winds  up 


m 
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FIG.  4 — TA.NliK.M    UNIT   .MINE  LOCOMOTIVE 

of  locomotive  should  be  used  only  when  it  is  impossible 
to  use  the  trolley  type.  Its  cost  of  upkeep  is  very  high. 
The  storage  battery  locomotive,  properly  constructed 
and  equipped,  will  probably  be  the  solution  for  the 
gaseous  mine.  At  present  its  high  first  cost  is  a  little 
discouraging. 

As  mine  haulage  is  in  many  respects  similar 
to  a  railway  system,  the  electric  locomotive  is  equip- 
ped with  much  the  same  type  of  motor  and  control. 
In  this  country,  direct  current  at  250  or  550  volts  is 


FIG.    6 — SULLIVAN    AIR   PUNCHER    IX    USE 

as  the  locomotive  moves  in  or  out  of  the  room.  The 
traction  reel  consists  of  a  small  motor-driven  winch 
mounted  on  one  end  of  the  locomotive,  and  is  used  to 
haul  cars  out  of  rooms  where  it  is  not  convenient  to 
use  an  electric  cable  reel.     This  type  of  reel  is  best 
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fuiteci  to  mines  wliere  the  rooms  are  worked  to  the 
dip  and  the  grades  are  too  severe  for  locomotives. 

For  gathering  service  locomotives  ranging  from 
3.5  to  8  tons  are  used  while  for  main  haulage  the 
weights  run  from  6  to  20  tons. 

ROPE   HAULAGE   AND   HOISTS 

The  rope  haulage  system,  previously  mentioned, 
is  used  on  grades  ranging  from  o  to  90  degrees.     In 


FIG.    7 — MuroR-DRlVE.V    .^IR    COMPRESSOR    PL.^NT 

practically  all  cases  they  were  first  operated  by  steam, 
although  quite  a  number  of  gravity  systems  are  in  use. 
Where  power  is  purchased  or  the  hoisting  outfit  is  lo- 
cated some  distance  from  the  steam  plant,  an  electric 
motor  is  used.  A  large  number  of  steam  haulage  sys- 
tems and  hoists  have  recently  been  changed  from 
steam  to  electric  drive.  For  small  hoists  and  haul- 
age;, both  alternating  and  direct-current  motors  are 
used,  depending  on  local  conditions  and  the  kind  of 
power  available.  For  large  haulage  units  or  large 
hoists  of  slow  or  medium  speed,  the  alternating-cur- 
rent wound  secondarv  motor  is  used  with  a  liquid  or 


FIG.    8 — PORT.ABLE    MOTOR-DRIVEN    COMPRESSOR 

magnetic  controller.  For  large  high-speed  lioists,  a 
separately  excited  direct-current  motor  is  used,  taking 
power  fro!ii  a  special  motor-generator  set.  usually 
equipped  with  a  heavy  flywheel,  to  equalize  sudden 
loads.    A  hoist  of  this  type  is  illustrated  in  Fig.  5. 

MINING  COAL 

The  actual  operation  of  mining  coal  consists  in 
under-mining  the  coal  at  the  floor  and  then  shooting 
down  the  coal  above  by  light  charges  of  powder  placed 


in  holes  drilk-d  lielween  the  under-cut  and  the  roof, 
.Vs  previously  stated,  in  the  early  days  before  the  use 
of  powder  became  the  practice,  the  coal  was  wedged 
down.  This  was  a  slow  and  very  tedious  process. 
The  undermining  was  first  accomplished  by  hand  with 
ordinary  mine  picks.  In  fact  a  large  part  of  the  coal 
today  is  obtained  by  pick  mining. 

Among  the  simplest  mechanical  means  for  under- 


FIG.  9 — SULLIVAN'  IRON  CL.\D  CH.\m   M.\CHIN'E  CUTTING   IN   FRONT 
OF   A   SULPHUR   BALL 

cutting  the  coal  is  the  compressed  air  puncher.  It 
consists  of  a  reciprocating  chisel  operated  by  air.  The 
operator  directs  the  reciprocating  chisel  against  the 
coal  and  an  assistant  shovels  back  the  fine  coal  pro- 
duced, so  as  to  leave  a  clear  opening.  This  under-cut 
is  about  16  inches  high  in  front  and  four  inches  high 
at  the  rear  and  is  cut  back  from  four  to  five  feet. 
This  wedge  shaped  cut  greatly  assists  in  bringing  the 
coal  down  with  light  powder  charges  without  break- 
ing it  up  too  fine.  Fig.  6,  illustrates  a  machine  of  this 
type  in  operation. 

The  compressed  air  plant  to  furnish  air  for  these 
punches  is  usually  located  outside  the  mine  near  the 
boiler  plant.  Motor-driven  compressors  are  operated 
very  successfully  with  purchased  power.  They  furnish 
a  steadv  load  for  a  svnchronous  motor,  which  in  turn 


FIG.    10 — RESULTS    OF    BLAST    OF   CUT    MADE    AS    SHOWN    IN    FIG.    Q 

can  be  used  fo?»  power-factor  correction.  Whenever 
pos'.ible.  the  electric  drive  should  be  located  in  the 
mine  because  of  the  inefficiency  of  transmitting  com- 
pressed air.  Portable  compressor  plants  are  some- 
times used  to  help  out  the  main  plant  and  keep  up  the 
preisure  at  the  far  end  of  some  of  the  pipe  lines.  Such 
an  outfit  is  illustrated  in  Fig.  8. 
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A  combined  electric  and  air  puncher  is  in  use 
which  gives  the  advantage  of  electric  transmission  of 
the  energy  and  pneumatic  operation  of  the  puncher. 
This  really  can  be  classed  as  an  electric  cutter,  giving 
a  wedge  shaped  under-cut  wliich  i-  not  obtained  with 
a  chain  machine. 

A  number  of  straight  electric  cutting  machines 
are  on  the  market  and  consist  of  moving  chains  which 
are  mounted  on  a  number  of  small  picks  or  chisels. 
These  machines  make  an  under-cut  of  uniform  thick- 
ness four  to  six  inches  thick  and  six  to  six  and  one-half 
feet  deep.  The  short  wall  type  of  chain  machine  will 
cut  into  the  face  of  the  coal  and  then  move  across  a 
25  foot  room  in  about  ten  minutes,  while  an  air 
puncher  will  require  about  thirty  minutes  to  do  the 
sams  work.  It  is  largely  due  to  machines  of  the 
former  type  that  the  immense  coal  production  of  to- 
day is  possible.  The  labor  supply  of  today  would  be 
far  from  adequate  if  all  coal  were  mined  by  the  hand 
pick  method.  Fig.  9  illustrates  art  iron  clad  chain  cut- 
ting machine  making  a  cut  across  the  face  of  a  room ; 
and  Fig.  10  shows  the  results  of  blasting  down  the 
coal  after  having  been  undercut  by  the  above  ma- 
chine. 

The  chain  cutting  machines  are  generally  equip- 
ped with  30  horse-power  direct-current  compound- 
wound  motors  at  250  or  555  volts.  Recently  some  of 
these  machines  have  been  driven  successfully  by  alter- 
natirig-current,  squirrel-cage  motors. 

AUXILI.VRIES 

There  is  often  a  considerable  amount  of  power  in 
use  on  the  outside  of  a  mine.  This  power  consists 
principally  of  auxiliary  hoists,  chain  haulage,  crushers, 
shakers,  elevators,  washers,  pumps,  machine  shop, 
etc.  In  many  cases  these  auxiliaries  are  driven  by 
individual  steam  engines,  whose  principal  virtue  is 
that  they  give  fairly  high  continuity  of  operation. 
These  auxiliaries  can  be  easily  taken  care  of  in  a  much 
better  and  more  economical  way  by  substituting  elec- 
tric motors  for  the  steam  engines.     In  most  cases  al- 


ternating-current motors  can  be  applied,  which  great- 
ly simplifies  the  power  system. 

LIGHTING 

In  mines  not  using  electric  power  no  attempt  is 
made  to  light  the  outside  workings.  It  has  been  found 
however,  that  some  illumination  is  necessary  at  all 
switches,  cross-overs,  partings,  pumps  and  under- 
ground fans.  The  incandescent  electric  lamp  has 
proven  the  best  and  cheapest  method  of  providing 
underground  illumination. 

CONCLUSION 

It  has  been  the  experience  of  those  mines  which 
have  changed  over  from  steam  to  electricity,  that  a 
gre.-it  saving  has  been  effected  and  the  output  has  been 
increased.  Of  course,  after  a  mine  has  changed  over, 
the  operating  force  will  require  a  little  time  to  adjust 
themselves  to  the  new  condition.  The  saving  and 
increase  in  the  output  by  use  of  electric  power,  makes 
itself  most  manifest  when  power  is  purchased  from 
a  central  station.  The  initial  investment,  and  the 
worry  and  care  attendant  on  the  operation  of  a  sub- 
station is  very  much  less  than  with  an  isolated  plant. 
Thib  is  so  to  such  an  extent  that  an  operator  once 
using  purchased  power  will  rarely,  if  ever,  consider 
going  back  to  his  own  power  plant. 

It  is  not  an  uncommon  thing,  when  investigating 
the  power  conditions  at  a  mine  with  an  isolated  plant. 
to  find  that  the  power  generated  per  ton  of  output  is  as 
high  as  12  to  14  kw-hr..  with  a  corresponding  cost  for 
power  running  from  15  to  25  cents  per  ton.  With 
the  intelligent  use  of  purchased  power  the  consump- 
tion should  not  average  higher  than  2  to  5  kw-hr.  per 
ton  and  the  total  cost  for  power  should  not  average 
higher  than  3  to  7  cents  per  ton  of  output.  In  changing 
over  to  central  station  power  the  greatest  care  should 
be  exercised  in  selecting  the  proper  power  system  and 
power  equipment,  to  see  that  the  particular  arrange- 
ment is  adopted  which  will  give  the  best  results  under 
the  conditions  prevailing  in  the  mine. 


Experimental  Temperature  Measurements  of 

Electrical  Machines 


O.  W.  A. 

THE  ORDIXARY  commercial  method  of  meas- 
uring temperatures  involves  the  use  of  mercur}- 
thermometers.  Although  this  method  is  quite 
satisfactory  for  commercial  testing  and  gives  a  good 
indication  of  the  safe  working  temp'--atures  of  the 
apparatus,  it  makes  it  necessary  for  designers  to  go 
through  extensive  calculations  to  determine  the  actual 
temperatures  at  various  points  within  the  machine. 
For  this  reason,  electrical  thermometers  have  been  used 
recently  to  obtain  direct  measurements  of  the  tem- 
peratures within  the  machine  for  the  purpose  of  de- 


Oetting 

termining  the  temperature  gradients   from  the  inside 

to  the  radiating  surface,  for  design  data. 

Temperature  rise  always  accompanies  the  ex- 
penditure of  energ)-.  Frictional  forces,  such  as  result 
when  two  surfaces  rub  on  each  other,  cause  a  rise  in 
temperature  of  the  material  which  is  subjected  to  this 
friction.  During  the  operation  of  cutting  or  machin- 
ing any  material,  the  material  becomes  hotter,  the 
rise  in  temperature  depending  upon  the  rate  at  which 
the  work  is  being  done.  Similarly,  in  electrical  ma- 
chines, the  temperatures  of  the  various  parts  rise  be- 


86 


THE  ELECTRIC  JOURNAL 


cause  energy  is  exi)eiided  during  the  operation  of  the 
machine.  Direct  calculation  of  the  temperature  rise 
in  such  machines  is  an  extremely  involved  problem ; 
so  designers  must  be  guided  by  the  actual  measure- 
ment of  the  rises  in  the  machines. 

EFFECT  OF  TEMPER.XTUKE 

An  electrical  machine  is  made  up  essentially  of 
iron,  copper  and  insulation.  The  maximum  allow- 
able temperature  affecting  any  of  these  materials  is 
the  factor  that  must  be  determined  in  the  measure- 
ment of  the  tem])eratures  of  electrical  machines. 

The  energy  that  causes  the  heating  of  electrical 
machines  is  that  which  is  expended  in  the  copper,  due 
to  the  resistance  of  the  windings :  that  which  is  ex- 
pended in  magnetizing  the  iron,  due  to  its  hysteresis; 
that  which  is  due  to  eddy  currents  in  the  copper  and 
the  iron;  and  that  which  is  due  to  the  frictional  losses, 
such  as  brush  and  bearing  friction  and  windage.  The 
amount  of  these  losses  is  dependent  upon  the  quality 
of  the  various  materials  that  are  used  in  the  construc- 
tion of  the  machine ;  hence  the  use  of  better  grades  of 
material,  such  as  of  steel  and  copper,  will  lower  the 
losses  in  the  machine,  and  consequently  decrease  the 
temperature  rise,  provided  all  other  factors  of  the 
machine  remain  the  same.  Changes  in  the  proportions 
of  the  material  used  will  also  produce  decided 
changes  in  the  temperature  rise.  The  problem  for 
the  designer  to  decide,  then,  is  the  lowest  cost  of  a 
machine  that  will  not  have  a  temperature  rise  great 
enough  to  interfere  with  its  successful  operation. 

The  principal  question  to  be  determined  in  the 
design  of  an  electrical  machine  is  the  limiting  tem- 
perature of  any  material  used  in  its  construction. 
This  limiting  temperature  is  that  at  which  the  insula- 
tion becomes  damaged,  rather  than  that  determined 
by  either  the  copper  or  the  steel.  It  is  evident,  there- 
fore, that  the  insulation  is  the  vital  part  of  the  ma- 
chine when  the  maximum  allowable  temperature  is 
under  consideration,  and  the  temperatures  of  the  iron 
and  copper  need  only  be  determined  in  so  far  as  they 
affect  the  temperature  of  the  insulation. 

For  a  full  analysis  of  the  temperature  gradients 
of  a  machine,  it  is  necessary  to  know  the  sources  of 
heat  and  its  distribution  to  the  other  parts  of  the  ma- 
chine. The  temperature  gradient  in  the  field  coils  of 
a  machine  can  be  determined  without  a  great  deal  of 
difficulty.  In  the  armatures,  however,  the  problem  is 
much  more  complex.  Here,  there  are  two  sources  of 
heat;  one  is  the  copper,  and  the  other  the  iron. 

There  are  tliree  paths  along  which  the  heat  can 
flow  from  the  copper  to  the  air: — 

I — Through    the   length    of   the   copper   conductor   to 
the  end  windings,  thence  through  the  insulation 
to  the  air. 
2 — Through  the  insulation  and  the  slot  wedge  to  the 

air  in  the  air  gap. 
3 — Thiough  the  insulation  to  the  laminations. 
In   armatures  which   have   a  comparatively   nar- 
row core  and  well  ventilated  end  windings,  there  will 
be  a  relatively  large  flow  of  heat  from  the  buried  cop- 
per to   the  end  windings.     In  a  machine  under   full 


load,  the  copper  will  probably  be  at  a  higher  tempera- 
ture than  the  teeth  of  the  armature ;  so  some  heat  v.ill 
flow  from  the  copper  to  the  laminations.  If,  how- 
ever, the  temperature  of  the  copper  is  the  same  as  or 
lower  than  that  of  the  laminations,  then  the  heat  of 
the  buried  copper  must  flow  along  the  other  two  paths. 
As  a  matter  of  fact,  when  a  machine  is  running  on 
no  load  or  on  a  very  light  load,  with  practically  no 
copper  loss,  there  may  be  a  considerable  iron  loss 
which  will  heat  the  laminations  and  cause  heat  to 
flow  from  them  through  the  insulation  to  the  copper 
and  thence  to  the  end  windings. 

In  the  armature  iron,  the  problem  is  just  as  com- 
plicated.    In  this  case  the  source  of  heat  is   in  the 
armature   teeth    and    in    the   laminations.    The   paths 
along  which  heat  can  flow  from  the  laminations  are : — 
I — Along  the  laminations  to  the  end  of  the  tooth  and 

into  the  air  in  the  air  gap. 
2 — Across   the   laminations   of   the   tooth   to   the   ven- 
tilating ducts. 
3 — Thiough   the   insulation   to   the    copper    and    end 
windings. 

METHODS 

The  method  employed  in  taking  the  temperature, 
the  time  required  in  taking  readings  and  also  the  con- 
ditions under  which  they  are  taken,  may  have  quite 
an  influence  upon  the  readings  obtained.  In  most 
cases,  direct  measurement  of  the  temperature  of  the 
insulation  in  the  hottest  portion  of  the  machine  is 
practically  impossible;  in  order  to  obtain  reliable  re- 
sults of  such  temperatures,  it  is  necessary  to  measure 
some  adjacent  temperatures  and  from  these  derive 
the  desired  results.  The  temperatures  of  the  two 
faces  of  any  of  the  insulation  will  be  very  nearly  the 
same  as  that  of  the  adjacent  parts,  and  the  tempera- 
ture of  the  intervening  insulation  will  be  between 
these  limits.  For  example,  the  insulation  on  an  arma- 
ture coil  will  have  the  local  copper  temperature  on 
one  side  and  the  local  iron  temperature  on  the  other 
side.  One  of  these  may  be  higher  than  the  other  de- 
pending upon  the  relative  losses  in  the  iron  and  the 
copper,  the  ventilation,  and  the  heat  conductivity  of 
the  adjacent  paths  of  heat  flow.  If  at  all  points 
throughout  the  length  of  the  slut  the  iron  is  hotter 
than  the  copper,  then  the  hottest  point  of  the  insula- 
tion can  be  determined  by  measuring  the  maximum 
temperature  of  the  iron.  If  the  copper  at  any  point 
is  hotter  than  the  iron,  it  is  fair  to  assume  that  the 
hottest  coil  insulation  is  next  to  the  copper  at  the  center 
of  the  slot.  The  only  temperature  measurement  that 
can  be  taken  is  on  the  outside  of  the  coil  at  the  cen- 
ter of  the  slot,  and  to  obtain  the  maximum  tempera- 
ture of  the  iiisulation  it  is  necessary  to  allow  for  the 
temperature  gradient  through  the  insulation. 

The  accuracy  of  all  tests  will  depend  upon  the 
ineasuring  device,  its  nearness  to  the  point  to  be  meas- 
ured, and  a  knowledge  of  the  temperature  gradient 
between  the  point  measured  and  the  point  at  which 
the  temperature  is  desired.  Obviously  the  ordinary 
inethods  of  measuring  temperatures  give  no  exact  in- 
dication of  the  distribution  of  the  heat  inside  of  an 
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electrical  machine.  Heretofore  special  metliods  of 
measuring  temperatures  have  been  consitlercd  imprac- 
tical and  almost  impossible,  l^ecent  developments, 
however,  show  that  internal  temperatures  of  electrical 
machines  can  l)e   readily  o])tained  by  these  methods. 

The  Tlicrmomctcr  provides  the  most  comnmn  me- 
thod employed  in  measuring  the  temperatures  of 
electrical  machines.  Us  chief  recommendations  are 
its  availability,  simi)licity  and  cheapness.  Its  useful- 
ness is  limited  to  the  temperature  measurement  of  the 
external  parts  of  a  machine.  Consistent  results  can 
be  obtained  by-  this  method,  provided  the  conditions 
under  which  it  is  used  remain  the  same,  but  wide 
\ariatinns  in  temperatures  will  be  obtained  by  chang- 
ing the  location  of  the  thermometers  and  the  method 
of  application  to  the  part  in  question.  Sluggishness 
is  an  inherent  characteristic  and  must  be  kept  in  mind 
in  anv  application  of  thermometers.  Then,  too,  the 
method  of  applying  the  thermometers,  whether  the 
bulb  is  exposed  to  the  ventilation  or  is  covered,  thus 
causing  a  hot  spot,  must  be  carefully  observed. 

In  the  stationary  parts  of  electrical  machines,  all 
the  thermometers  may  be  located  before  the  start  of 
the  test,  and  as  the  temperatures  increase  gradually, 
there  is  no  special  difficulty  in  the  thermometers  fol- 
lowing the  temperatures  very  closely.  In  the  larger 
machines,  the  thermometers  should  be  protected  from 
the  windage  of  the  machine,  or  from  drafts,  by  a 
small  covering.  This  may  be  putty,  clay,  or  felt 
Putty  is  rather  soft  at  working  temperatures.  Clay 
makes  a  very  good  holding  medium  when  carefully 
put  on,  but  experience  in  numerous  tests  has  shown 
that  more  uniform  temperature  readings  are  obtainefl 
with  felt.  On  a  certain  generator  a  thermometer 
covered  with  a  felt  pad  registered  68  degrees  C, 
whereas  the  actual  temperature  taken  by  means  of  a 
quick  acting  thermo-couple  was  68.4  degrees  C.  On 
the  same  machine  a  thermometer  covered  by  means  of 
putty  registered  61  degrees  C,  while  the  actual  tem 
])erature  was  63  degrees  C.  In  another  test,  ther- 
mometers covered  with  putty,  registered  from  five  to 
eight  degrees  higher  at  a  temperature  of  about  80  de- 
grees C.  than  those  cf)\'ered  with  felt.  These  latter 
thermometers  checked  the  actual  temperature  to  with- 
in one-half  of  a  degree.  So  the  different  methods  of 
applving  thermometers  will  give  results  that  are  in  no 
manner  comparable  with  each  other. 

A  standard  covering  must  be  used  to  obtain  even 
fair  results  of  temperatures  of  electrical  machines. 
On  windings  this  covering  may  be  a  small  sleeve,  the 
bulb  being  exposed  only  on  one  side;  the  whole  being 
tied  to  the  coil  with  twine.  On  iron  laminations  a  felt 
pad  about  one  and  one-half  inches  square  glued  to  the 
surface  seems  to  give  the  best  results.  This  method 
also  is  satisfactory  when  used  on  the  large  copper 
conductors.  The  pad  must  not  be  too  large  as  a  hot 
spot  may  be  created ;  neither  must  it  interfere  with 
the  radiation  of  the  machine.  On  smaller  machines 
the  liability  to  hot  spots  becomes  much  greater  and 


either  a  very  small  ball  of  clay  is  to  be  preferred,  or 
else  the  thermometers  should  be  left  bare. 

The  method  of  obtaining  temperatures  of  rotat- 
ing parts  by  thermometers  presents  quite  a  different 
problem.  A  very  wide  range  of  results  may  be  ob- 
tained on  account  of  variations  due  chiefly  to  the 
method  of  getting  heat  from  the  Iwdy,  whose  temper- 
ature is  to  be  measured,  to  the  bulb  of  the  ther- 
mometer. The  thermometer  bulb  can  be  so  placed 
with  respect  to  the  copper  in  the  coil,  that  the  resist- 
ance in  the  heat  conducting  path  of  the  bulb  is  much 
greater  than  is  desirable.  For  instance,  if  a  ther- 
mometer is  simply  laid  on  the  coil  whose  temperature 
is  to  be  measured,  and  covered  with  a  little  waste, 
and  another  thermometer  is  placed  on  the  coil  and 
provided  with  a  seat  made  of  tin  foil,  two  different 
results  will  be  obtained.  Obviously,  with  a  metal  seat, 
a  larger  amount  of  heat  in  a  given  time"  can  be  con- 
ducted from  the  coil  across  the  insulation  and  thence 
to  the  bulb,  than  would  be  the  case  without  the  metal 
seat.  In  a  certain  test  it  w-as  observed  that  the  ther- 
mometer provided  with  a  metal  seat  reached  this  max- 
innim  temperature  six  minutes  before  one  simply 
laid  on  the  winding,  both  being  protected  from  the 
air  in  the  saine  manner.  The  difference  in  the  tem- 
l^erature  readings  was  eight  degrees,  the  cooling  of 
the  machine  being  quite  rapid. 

It  is  quite  clear,  then,  that  wide  variations  in 
temperature  results  may  be  obtained  by  the  use  of 
thermometers  as  indicators.  To  obtain  correct  inter- 
pretations of  such  results,  the  time  and  method  of  ap- 
plication of  the  thermometers  must  be  known. 

Rise  by  Resistance — The  rise  by  resistance 
method  is  applicable  only  to  the  windings  of  the  ma- 
chine. It  seldom  gives  entirely  reliable  results,  first, 
because  the  resistance  rise  is  only  an  average  result. 
not  distinguishing  the  hot  portions  from  the  cold: 
and  second,  because  there  are  difficulties  in  obtaining 
accurate  readings  of  the  hot  resistance.  For  wind- 
ings of  high  resistances,  such  as  field  coils,  fairly 
good  results  may  be  obtained  by  this  method.  Al- 
though the  resistance  measurement  does  not  represent 
the  hottest  portion  of  the  coil,  since  there  is  a  tem- 
perature gradient  from  the  center  of  the  coil  to  the 
outside  surface,  yet  in  most  field  coils  this  gradient 
will  not  be  excessive :  so  that  the  average  temperature. 
while  below  the  maximum,  will  still  be  a  close  indi- 
cation of  the  safety  of  the  coil. 

In  the  case  of  low  resistance  windings,  the  re- 
sults obtained  are  far  from  satisfactory.  In  the  first 
place,  laboratory  methods  and  apparatus  are  required 
to  obtain  results  with  any  degree  of  accuracy.  \'aria- 
tions  of  contact  with  temperature  are  continually  en- 
tering in,  oft'setting  the  accuracy  of  even  the  most  re- 
liable measurements.  The  proper  interpretation  of 
measurements  in  this  case  is  much  more  difficult  than 
in  the  case  of  field  coils  of  high  resistance.  \\'ith  the 
winding  of  the  machine  passing  through  several  zones 
of  temperature,  the  average  value  of  the  temperature 
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is  but  a  slight  indication  of  what  may  be  existing  in 
the  various  parts.  For  instance,  if  the  end  windings  of 
an  armature  are  well  ventilated,  so  that  the  tempera- 
ture of  part  of  the  end  copper  is  but  little  higher  than 
that  of  tlie  air,  there  may  be  a  small  portion  of  the 
coil  buried  in  llic  core  which  is  at  a  considerably  high- 
er temi)crature,  and  yet  has  but  little  influence  on  the 
total  resistance  of  the  winding.  Again,  a  portion  of 
the  end  windings  may  be  so  packed  together  and  so 
completely  covered  by  bands,  that  the  relative  tem- 
perature rise  here  is  high,  while  the  armature  core  and 
the  buried  copper  are  at  relatively  low  temperatures. 

Temperature  results  taken  by  the  rise  by  resist- 
ance method  on  a  certain  revolving  field  generator 
may  be  cited  to  show  that  erroneous  deductions  can 
easily  be  made  from  the  results  of  such  a  test.  The 
rise  by  resistance  measurements  on  various  tests  of 
this  machine  were  consistent  and  seemed  reasonable 
when  compared  with  the  thermometer  temperatures, 
the  maximum  rise  being  45  degrees  C.  However,  on 
opening  the  windings  of  the  machine  it  was  found  on 
several  coils  that  the  insulation  surrounding  the  por- 
tion buried  in  tlie  bottom  of  the  slot  had  been  heated 
to  a  much  higher  temperature  than  the  results  by  the 
rise  of  resistance  method  indicated.  So  the  construc- 
tion of  the  machine  also  must  be  considered  when  in- 
terpreting the  temperature  results  obtained  by  this 
method  of  measurement. 

Resistance  Exploring  Coils — This  method  of 
measuring  temperatures  depends  upon  the  fact  that  the 
resistance  of  most  metals  varies  with  the  temperature 
of  the  material.  The  percentage  change  in  resistance 
of  pure  metals  with  temperature  is  larger  than  the 
percentage  change  in  the  volume  of  gases,  and  over 
twenty  times  as  great  as  the  volume  change  in  mer- 
cury. The  mass  of  the  wire  used  in  making  the  coils 
and  that  of  the  body  upon  which  it  is  wound  should 
be  small,  or  else  the  temperature  of  the  resistance 
wire  will  lag  behind  any  changing  temperature  which 
is  being  measured  and  thus  lead  to  erroneous  results. 

There  are  several  methods  in  use  for  measuring 
the  resistance  of  such  coils,  all  of  which  give  results 
with  a  fair  degree  of  accuracy.  Special  indicators 
have  been  devised  to  enable  these  measurements  to  be 
made  directly  with  veiy  few  complications.  Resist- 
ance coils  of  special  forms  are  also  manufactured  to 
be  inserted  in  a  machine  at  any  point  where  it  is  de- 
sired to  measure  the  temperature.  These  coils  are 
made  with  either  three  or  four  leads  which  connect  to 
suitable  binding  posts  on  the  indicators.  The  extra 
leads  are  compensating  leads  and  are  required  because 
there  is  usually  a  considerable  temperature  gradient 
from  the  coil  to  the  indicator;  this  gradient  causes  a 
variable  resistance  in  the  leads  which  must  be  cor- 
rected so  as  to  measure  only  the  change  in  resistance 
of  the  coil  itself.  The  indicators  have  a  variable  re- 
sistance which  is  adjusted  until  the  galvanometer 
reads  zero,  to  obtain  a  reading  of  temperature.  This 
variable  resistance  is  adjusted  and  calibrated  so  that 


the  temperature  is  read  directly  on  the  scale  of  the 
indicator.  The  apparatus  is  convenient  for  reading 
temperatures  quickly  and  accurately. 

One  of  the  chief  drawbacks  of  this  method  is  the 
danger  of  damage  to  the  small  resistance  coil.  To 
obtain  a  coil  of  small  size,  such  as  must  be  used  with- 
in the  slot  of  an  electric  generator,  a  cunsiderable 
amount  of  fine  wire  must  be  used  to  obtain  the  neces- 
sary resistance.  This  makes  the  exploring  coil  frail 
and  is  apt  to  cause  breakage.  All  these  coils  must 
also  be  carefully  adjusted  and  calibrated.  Likewise, 
the  same  leads  must  always  be  used  in  conjunction 
with  a  certain  exploring  coil;  so  that  if  it  is  neces.^ary 
to  increase  the  length  of  the  leads,  the  calibration  of 
the  instrument  is  changed,  and  the  correct  tempera- 
ture cannot  be  obtained  unless  a  new  calibration  of 
the  coil  is  made.  Another  decided  disadvantage  of 
the  compensating  leads  occurs  when  many  tempera- 
tures are  to  be  read  at  a  distance  on  one  indicator. 
Also  quite  serious  discrepancies  may  be  obtained  in 
results  when  coils  wound  with  nickel  wire  are  used  in 
electrical  machines.  A  magnetic  field  changes  the  re- 
sistance of  the  nickel  wire  to  such  an  extent  that  a 
difiference  of  two  degrees  C.  has  been  observed  when 
the  field  of  a  machine  was  thrown  on  and  off. 

Thermo-Couples — Another  convenient  and  ac- 
curate method  of  measuring  temperatures  is  by  means 
of  thermo-couples.  This  method  is  used  largely  in 
the  measurement  of  high  temperatures  where  ther- 
mometers cannot  be  applied.  However,  it  has  not 
been  applied  to  low  temperature  measurements  to  any 
great  extent  because  until  recently,  there  was  no 
portable  indicating  instrument  sensitive  enough  to 
give  accurate  results  without  troublesome  corrections 
or  special  adjustments.  The  method  was  used  as  early 
as  the  year  1830  by  Becquerel,  but  its  application  to 
the  measurement  of  the  internal  temperatures  of  elec- 
trical machines  is  quite  recent. 

It  is  a  well  known  fact  that  when  a  junction  of 
two  dissimilar  metals  is  heated,  an  e.m.f.  is  set  up,  its 
value  depending  upon  the  materials  that  make  up  the 
junction  and  upon  the  temperature  to  which  the 
couple  is  heated.  In  a  circuit  including  several  differ- 
ent junctions  at  diiTerent  temperatures,  the  total  e.m.f. 
is  equal  to  their  algebraic  sum.  This  phenomenon 
has  been  utilized  in  the  measurement  of  high  tempera- 
tures, where  ordinary  means  such  as  mercury  ther- 
mometers, were  out  of  the  question.  The  well  known 
platinum,  platinum-rhodium  couple  is  used  extensively 
in  ])yrometers  for  obtaining  temperatures  of  furnaces, 
etc.,  where  high  temperatures  are  employed.  The 
thermo-couple,  however,  is  of  much  value  also  for  low 
temperature  measurements. 

Two  methods  may  be  used  ti  measure  the  e.m.f. 
of  a  thermo-couple  : — one,  the  galvanometric  method ; 
the  other,  the  potentiometer  method.  In  the  galvano- 
metric method,  a  galvanometer  is  connected  in  series 
with  the  couple  and  the  current  causing  the  galvano- 
meter to  deflect  is  observed.     To  obtain  the  e.m.f.  it  is 
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necessary  to  know  ilie  resistance  of  the  circuit.  If 
this  resistance  is  constant  for  all  temperatures,  the 
e.m.f.  will  be  proportional  to  the  current;  so  the  gal- 
vanometer can  be  calibrated  either  in  millivolts,  or 
else  directly  in  degrees  of  temperature.  Most  of  the 
adverse  criticism  against  thermo-electric  measure- 
ments is  probably  due  to  the  u.'ie  of  this  method  of 
measuring  the  e.m.f.  of  the  thermo-couple.  There  are 
only  a  very  few  materials  that  do  not  vary  in  resist- 
ance with  a  change  in  temperature.  Then,  too.  the  ac- 
tion of  a  high  temperature  continuously  on  the  couple 
is  likely  to  cause  a  permanent  change  in  its  resistance. 
To  offset  these  variations  in  resistance,  a  galvano- 
meter of  high  resistance  is  used;  then  a  change  in 
the  resistance  of  the  couple  will  have  only  a  slight 
effect  on  the  reading  of  the  galvanometer.  However, 
this  reduces  the  sensitivity  of  the  galvanometer  and 
the  temperature  results  cannot  be  read  with  such  a 
high  degree  of  accuracy.  This  trouble  is  avoided  en- 
tirely in  the  potentiometer  method. 

In  the  potentiometer  method,  the  e.m.f.  is  meas- 
ured by  opposing  it  to  the  drop  along  a  slide  wire  of 
uniform  resistance  throughout  its  length,  and  adjust- 
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FIG.    I — DI..\GR.\M    OF    POTENTIOMETER    CONNECTIONS 

ing  the  slide  until  the  galvanomter  in  the  circuit  reads 
zero.  This  gives  a  reading  of  the  voltage  of  the 
thermo-couple  without  having  any  current  flowing  in 
the  thermo-electric  circuit.  Fig.  i  is  a  diagram  of 
connections  of  a  temperature  indicator  based  on  the 
potentiometer  principle.  It  consists  of  two  cells,  one 
of  them  .S'  being  a  standard  cell,  and  the  other  B,  an 
ordinary  dry  battery;  two  resistances  R^  and  R^.;  a 
galvanometer  G;  a  slide  wire  W;  and  contacts  C  and 
D.  The  current  in  the  potentiometer  circuit  is  ad- 
justed by  changing  R^  with  contact  at  C  until  the  gal- 
vanometer shows  no  deflection.  When  this  adjust- 
ment is  made,  there  is  one  milli-volt  drop  per  unit 
division  of  the  scale  on  the  slide  wire  VV.  To  obtain 
the  e.m.f.  of  the  thermo-couple,  D  is  depressed  and 
the  contact  on  VV  is  adjusted  until  the  galvanometer 
reads  zero.    The  drop  is  then  read  on  the  slide  W. 

A  diagram  of  another  potentiometer  method*  is 
shown  in  Fig.  2,  the  standard  cell  being  dispensed 
with  in  this  indicator.  This  change  was  possible  be- 
cause the  galvanometer  used  (a  Paul  unipivot)  was 
sensitive  enough  to  make  the  current  adjustments  in 


the  potentiometer  circuit.  As  a  matter  of  fact  the  use 
of  this  galvanometer  made  it  [xjssible  to  read  tempera- 
tures to  an  accuracy  of  about  two-thirds  of  one  de- 
gree C.  in  a  range  of  one  hundred  and  fifty  degrees. 
The  length  of  the  potentiometer  slide  wire  also  was^ 
mcreased  by  winding  seven  and  one-half  turns  of 
wire  around  a  drum.  This  indicator  was  designed  to 
be  used  with  iron-advance  thermo-couples,  which 
have  a  linear  calibration  curve  thatt  is  practically  a 
straight  line  up  to  temperatures  well  above  those  ob- 
tained in  electrical  machines.  The  instrument  was 
calibrated  to  read  directly  in  degrees  C. 

In  Fig.  2,  B  is  an  ordinary  dry  cell  supplying  a 
very  feeble  current  to  the  potentiometer  circuit  made 
up  of  the  potentiometer  wire  P,  a  variable  resistance 
R,  and  the  resistance  R.  5  is  a  special  rocker  switch 
with  springs  so  made  as  to  be  connected  between  a 
and  g  on  one  side,  and  c  and  h  on  the  other  when- 
neither  side  of  the  rocker  switch  is  depressed.  If  the 
switch  is  depressed  on  side  g,  connection  is  made  be- 
tween g  and  b.  This  causes  a  current  to  flow  in  the 
circuit  made  up  of  the  galvanometer  G  and  the  re- 
sistance R.     The  deflection  on  G  gives  a  measure  of 


*This  scheme  has  been  used  successfully  for  some 
time  in  research  testing  by  Mr.  L.  W.  Chubb,  and  recent- 
ly has  been  adapted  to  commercial  testing  in  the  port- 
able form  described  in  this  article. 


FIG.    2— MODIFIED    DIAGRAM    OF    CONNECTIONS 

the  current  in  the  potentiometer  wire  P.    The  resist- 
ance R  and  /?,  are  so  adjusted  and  the  galvanometer 
G  is  so  calibrated  that  the  current  is  at  the  proper 
value  when  the  needle  of  the  galvanometer  reads  the 
micro-volts  per  degree  C.  for  the  couple  that  is  being 
used    in    the    temperature    measurement.     With    the 
current  set  at  this  value,  the  spring  contact  again  con- 
nects o  and  g  when  the  rocker  switch  is  released.  This 
connection  substitutes  R^  for  the  galvanometer  G;  and 
since  R^  is  made  equal  to  the  resistance  of  the  gal- 
vanometer, the  current  in   the  potentiometer  wire  P 
remains  unchanged.     Now  to  obtain  the  temperature 
on  the  thermo-couple,  the  other  side  of  the  rocker 
switch   is  depressed,  which  connects  rf  and  h.     This 
puts  the  couple,  the  galvanomter  G,  and  a  part  of  P 
m  series  (the  couple  being  so  connected  that  its  e.m.f. 
opposes  that  of  P).    Contact  K  is  run  along  the  drum 
holding  the  potentiometer  wire  P  until  the  galvano- 
meter G  reads  zero.    The  result  is  read  off  on  a  scale 
along  the  wire  P.  which  scale  may  be  calibrated  either 
in  milli-volts,  temperature  or  some  arbitrary  unit. 

The  great  advantage  of  thermo-couples,  like  the 
exploring  coils  in  the  measurement  of  temperatures, 
lies  in  the  fact  that  they  record  the  actual  tempera- 
tures of  the  body  with  which  they  are  in  contact  and 
they  can  be  applied  where  it  is  impossible  to  locate 
thermometers.     In   respect   to   the   smallness   of   the 
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measuring  device,  thermo-couples  have  an  advantage 
over  the  resistance  exploring  coils,  for  the  end  of 
the  thermo-couple  is  a  very  small  element  that  may 
be  placed  at  the  exact  point  where  the  temperature  is 
to  be  observed.  The  couples  can  be  made  to  respond 
quite  rapidly  to  changes  of  temperature  by  rolling  the 
junction  flat  so  as  to  present  a  large  heat  absorbing 
area  and  diminish  conduction  along  the  leads.  Then, 
too,  there  is  the  possibility  of  placing  the  couple  at 
any  distance  from  the  measuring  device ;  the  potentio- 
meter is  entirely  independent  of  the  resistance  in  this 
circuit,  since  no  current  flows  in  the  circuit,  and  like- 
wise of  the  length  of  leads  from  the  couple  to  the  in- 
dicator. When  the  temperature  is  read  on  the  indi- 
cator, the  galvanometer  reads  zero  and  no  current 
flows  in  the  circuit;  so  the  resistance  in  this  circuit 
has  no  effect  on  the  reading.  In  the  comparison  of 
temperatures  of  electrical  machines  taken  by  thermo- 
couples and  thermometers  at  the  same  spot,  the  re- 


temperature  during  the  run.  Fig.  3  gives  a  summary 
of  this  series  of  tests,  showing  seven  of  the  principal 
temperature  curves  that  were  taken  in  these  tests. 
In  the  maximum  temperatures  attained  in  these  tests, 
it  is  possible  to  see  the  heat  distribution  throughout  the 
machine  as  was  mentioned  previously  under  the  ef- 
fects of  heating  of  machines. 

Curves  A  and  B  of  Fig.  3  show  the  heating  and 
cooling  of  the  machine  during  a  normal  field  charge 
run.  Of  course  it  is  reasonable  to  suppose  that  the 
laminations  will  become  hotter  than  the  coils  in  a  test 
of  this  nature.  It  is  seen  that  the  copper  temperature 
as  indicated  by  couple  No.  /p  is  slightly  lower  than 
that  of  the  tooth  laminations  as  shown  by  couple  No 
i>o  between  the  coil  and  the  tooth,  while  the  drop 
through  the  insulation  and  the  wedge  from  the  cop- 
per is  1 1  degrees,  as  shown  by  couple  No.  //.  Thus 
no  heat  flows  from  the  coil  to  the  iron,  but  all  is  dissi- 
pated through  the  wedge  into  the  air  in  the  air-gap. 


FIG.  3 — SUMMARY  OF  SERIES  OF  TESTS  . 

I_ln  iron  y.  in.  below  top  of  tooth  midway  between  air  ducts^    2-In  iron   V.   in.  below  1'°"°'"  °f  ^^^  "^'i^;!^^^.  ^^I 
iron. 


suits  of  the  thermo-electric  measurements  invariably 
are  the  higher.  This  is  due  to  the  time  lag  of  the 
themiometers,  and  may  also  be  due  to  the  lack  of 
good  contact  of  the  thermometer  on  the  bod\-  whose 
temperature  is  being  observed. 

This  thermo-couple  method  of  measuring  temper- 
atures was  employed  in  testing  a  revolving  field  gen- 
erator.    Fig.   3   shows  the  various   internal   tempera- 
tures of  both  the  core  and  the  windings  of  the  ma- 
chine.   Thirty-two  thermo-couples  were  placed  in  the 
machine ;  sixteen  in  the  core  between  the  lamination- 
in  various  positions,  and  the  remaining  sixteen  on  the 
coils  within  the  slots  of  the  machine.     Leads   from 
these  different  couples  were  brought  out  to  a  special 
switch  and  so  arranged  that  any  one  of  the  couples 
could  be  placed  on  the  measuring  instrument  and  the 
temperature  read.     By  this  means,  at  least  six  dift'er- 
ent  temperatures  could  be  observed  in  one  minute.    It 
was  possible  to  obtain   temperature   results   at   these 
thirty-two  points  of  the  machine,  which,  when  plotted, 
showed  the  heating  and  cooling  during  the  start  and 
the  shut-down  of  each  run,  and  also  the  constant  tem- 
peratures when  the  machine  had  reached  its  maximum 


When  the  field  was  removed  on  the  shut-down  of  this 
test,  there  was  no  braking  effect  to  stop  the  rotation 
of  the  machine  except  the  friction  of  the  bearings  and 
the  windage,  and  the  friction  of  the  brushes  on  the 
commutators  of  the  two  driving  motors.  It  is  mter- 
esting  to  note  the  various  temperatures.  Couple  No. 
/-,  located  between  the  coil  and  the  wedge,  cools  until 
the  rotation  almost  ceases;  then  it  becomes  warmer 
again,  because  the  ventilation  ceases  and  the  hotter 
parts  of  the  machine  warm  the  air  in  the  gap;  this 
causes  the  temperature  of  the  couple  to  rise.  This 
effect  can  be  noted,  but  to  a  lesser  degree,  on  couple 
No.  .;?,  which  is  near  an  air  duct  in  the  iron. 

Curves  C  to  £  of  Fig.  3  show  the  maximum  tem- 
peratures attained  in  several  load  tests.  From  the 
full -load  curves,  it  is  quite  clearly  seen  that  the  hottest 
spot  in  the  machine  is  in  the  coil  in  the  middle  of  the 
machine.  In  a  two  layer  coil,  the  temperature  of  the 
two  lavers  must  be  almost  the  same.  Therefore,  a 
thermo-couple  placed  between  the  layers  must  find 
very  nearlv  the  copper  temperature;  because  since 
there  is  no  temperature  gradient  between  the  coils, 
there  can  be  no  heat  flow  between  them.    In  this  full 
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load  test,  it  is  observed  that  the  copper  temperatures 
are  much  higher  than  those  of  the  iron,  which  is  just 
the  opposite  effect  to  that  which  was  observed  in  the 
iron  loss  test  shown  in  A.  Comparing  the  tempera- 
tures by  means  of  the  couples,  it  is  seen  that  couple 
No.  19  is  about  18  degrees  liotter  than  couple  No.  20. 
But  at  the  same  time  the  temperature  of  No.  20  is 
much  higher  than  it  was  in  the  normal  field  charge 
run.  Since  the  iron  losses  in  these  two  tests  must  be 
about  the  same,  it  naturally  follows  that  the  copper  is 
heating  the  tooth  laminations.  In  this  full  load  test, 
the  thermometers  show  a  little  less  than  the  usual  40 
degree  rise,  but  the  couples  indicate  almost  double 
this  rise  within  the  machine.  However,  as  thus  is  a 
mica  insulated  machine,  the  maximum  temjjerature 
of  106  degrees  C.  is  safe  and  allows  a  considerable 
margin  for  an  overload  before  it  reaches  125  degrees. 
In  each  one  of  these  tests  it  was  possible  to  fol- 
low the  heating  and  cooling  of  the  thirty-twi>  couples 
in  the  machine.  These  curves  show  the  time  when 
the  maximum  temjjerature  is  attained,  and  also  indi- 


cate the  equalization  of  the  temperatures  at  the  shut- 
down of  the  machine.  This  method  of  testing  proba- 
bly will  never  be  used  for  commercial  tests,  but  it 
gives  excellent  data  in  the  experimental  tests  for  the 
development  of  new  machines.  It  also  indicates  the 
drop  in  temperatures  of  the  machines  before  the  ro- 
tating element  comes  to  rest. 

All  the  couples  in  the  foregoing  tests  were  placed 
on  the  stationary  part  of  the  machine.  In  another  test 
thermo-couples  were  placed  in  the  armature  of  a  rotary 
converter  and  the  leads  brought  out  to  slip  rings.  A 
considerable  amount  of  trouble  was  experienced,  due 
to  the  contact  of  the  brushes  on  the  rings,  and  the 
results  were  practically  of  no  value.  This  scheme  can- 
not be  recommended  in  rotating  elements.  The  num- 
ber of  couples  that  can  be  used  is  limited  by  the  space 
available  for  the  slip  rings.  The  mechanical  equip- 
ment required,  especially  on  machines  of  high  periph- 
eral speed,  makes  the  test  extremely  expensive,  and 
the  results  obtained  are  questionable. 


The  Analysis  of  Periodic  Waves 


L.   W. 

THE  USUAL  source  of  alternating-current  and 
voltage  is  the  alternator  or  inverted  rotary  con- 
verter, and  the  shape  of  the  potential  waves 
generated  by  them  will  depend  upon  the  magnetic  field 
form,  the  chording  and  general  arrangement  of  the 
armature  windings  and  the  load  conditions  of  the  ma- 
chine. A  pure  sine  wave  of  potential  is  seldom  gen- 
erated and  practically  never  in  commercial  circuits  will 
there  be  such  waves  of  voltage  and  current,  because 
of  cross  currents  with  other  macliiines  and  the  distort- 
ing eflfects  of  transformers,  line  capacity,  arc  lamps, 
etc. 

Often  the  distortions  an<l  variations  from  the 
sine  shape  are  such  that  the  conventional  calculations 
cannot  be  used  with  accuracy  and  a  more  complete 
treatment  of  engineering  problems  by  harmonic  analy- 
sis is  necessary.  This  article  presents  a  new  mechan- 
ical analyzer  which  has  been  in  use  for  over  a  year 
and  which  works  directly  from  a  polar  oscillogram  of 
electric  or  sound  waves. 

In  electrical  engineering  most  problems,  designs 
and  conventional  graphical  diagrams  dealing  with  al- 
ternating-current phenomena  are  now  worked  out 
upon  the  assuni]>tion  of  .sinusoidal  variations  of  po- 
tential, current,  fiux,  etc.  The  sine  wave  shape  in 
most  cases  gives  the  most  satisfactory  operation  in  al- 
ternating-current circuits,  and  the  common  calcula- 
tions are  also  easier  with  the  sine  or  simple  haniionic 
waves  as  they  allow  gra[)hical  treatment  by  vector  dia- 
grams. Also,  the  currents,  voltages,  magnetic  and 
electrostatic  fluxes  and  forces  which  may  be  mutually 


Chubb 

induced  or  produced  by  sine  waves  in  circuits  and 
apparatus  containing  inductance,  capacity  and  resist- 
ance are  also  wa\*es  of  the  same  shape,  because  both 
the  integral  and  differential  of  the  sine  function  are 
cosine  or  quadrature  sine  waves. 

THE    FOURIER   OR    H.XRMOXIC    SERIES 

Fourier  was  the  first  to  show  that  any  periodic 
function  can  be  analyzed  into  a  series  of  pure  sine 
functions  of  the  multiple  angles.  The  waves  of  the 
alternating-current  circuit  are  periodic  functions,  so 
that  by  this  mathematical  the<->rem  we  can  resolve 
them,  no  matter  how  distorted,  into  a  Fourier  series 
or  ct>mi>onent  sine  waves  of  various  frequency,  am- 
plitude and  phase  relation.  Thus  any  wave  of  voltage 
or  current  may  be  expressed  in  the  form: — 
f  (0)  =  C,  sin  (0  #^  -  Cssin  2(0  +  *.i  +  C,  sin  3(0  #,) 
•  C.  sin  4(0  -  *,)  -  (I) 

If  0  is  the  time  angle  in  electrical  degrees,  it  is 
evident  that  tlie  first  tenii  of  tlie  series  represents  a 
sane  wave  of  maximum  amplitude  Cj,  of  fundamental 
frequency  and  displaced  in  phase  by  the  angle  *  from 
the  ixiint  ©  =0.  Similarly  each  of  the  successive 
tenns  repi:esents  a  multiple  frequency  wave  or  har- 
monic component  of  amplitude  C^,  which  is  n  times 
the  fundamental  frequency  and  which  passes  through 
zero,  *,j  fundamental  electrical  degrees  from  tlie 
[wint  0^0. 

It  is  ditticult.  in  working  problems  with  such 
])olycylic  waves  to  use  the  harmonic  components  in 
their  various  phase  positions,  and  for  this  reason  each 
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harmonic  wave  is  usually  resolved  into  two  quadrature 
cx)mponeints  (sine  and  cosine  components).  Thus 
equation   ( i )  becomes : — 

f  (0)  =  A,  sin  0  +  Aj  sin  2  0  +  A,  sin  3  0  -■■  A,  sin  4  0  r 

+B,  cos  0  +  Ba  cos  2  0  +  Ba  cos  3  0 

+  Bjcos  4  ©  + (2) 

This  expression  shows  two  distinct  groups  of 
waves,  which  are  functions  of  the  time  angle,  Q  .  The 
sine  terms  represent  one  group  of  the  harmonic  com- 
ponent waves  of  maximum  amplitude  A,„  which  cross 
zero  at  the  point  ®  =  o.  The  cosine  terms  repre- 
sent the  other  group,  each  of  which  has  its  maximum 
amplitude  5„,  when  0  =  o.  The  sign  of  the  A  co- 
efficients determines  which  direction  the  sine  wave 
passes  through  zero,  and  the  sign  of  the  B  coefficients 
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FIG.     I — PERIODIC    WAVE    RESOLVED    INTO    ITS    FUNDAMENTAL     AND 
THE  THIRD  AND  FIFTH   COMPONENTS 

determines  whether  the  cosine  wave  has  a  plus  or 
minus  maximum  at  ®  =0.  These  mathematical 
facts  can  readily  be  remembered  because  at  the  point 
of  zero  time  the  sign  of  the  coefficient  agrees  with 
that  of  the  amplitude  in  the  case  of  the  cosine  or  B 
terms  and  agrees  with  the  sign  of  the  slope  or  tangent 
of  the  curve  in  the  case  of  the  sine  or  A  terms.  It  is 
evident  that  the  coefficients  C^  of  equation  (i)  are  the 
vector  sum  of  the  corresponding  coefficients  A^  and 
Ba  in  equation  (2),  according  to  the  formula: — 
C„  =  •"AI^  Bii 
Also  in  equation  (i)  the  displacement  of  the  n  "' 
harmonic,     *^     in  electrical  degrees  is : — 


.       tan' 
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third  and  seventh  harmonic  and  can  be  expressed  by 
the  equation : — 

X  =  1.  «  sin  10  +  30°)  —  0.  m\  sin  3  (0  -  lo") 
—0.  50  sin  7(0  +  8»35') 

The  three  component  waves   are  also   shown.     The 
same  curve  shown  dotted  in   Fig.   2  can  also  be  ex- 
pressed by  the  equation : — 
X  =-   1.557  sin  ©  +  0.467  sin  3  0  —  0.25  sin  7  0 

0.i»  cos  ©  —  0.467  COS  3  0  —  0.433  cos  7  0 

and  tlie  six  harmonics  drawn  show  the  three  compo- 
nent waves  resolved  into  the  quadrature  or  sine  and 
cosine  components. 

The  point  of  reference  or  position  of  zero  time 
in  the  expression  of  the  Fourier  series  of  any  cur\'e 


The  dotted  cun'e  of   Fig.    i   shows  a  distorted 
periodic  wave  which  is  the  sum  of  a  fundamental,  a 


FIG.   2 — SAME  PERIODIC   WAVE  AS   SHOWN   IN    FIG.    I 

With   the  component   waves   resolved   into  the   sine   and 
cosine  components. 

is  a  matter  of  choice.  Any  shift  of  the  time  scale 
will  change  the  values  of  coefficients  in  equation  (2) 
and  the  values  of  ^^  in  equation  (i).  For  a  single 
curve  it  is  usual  to  assume  zero  time  (  0  =  o  )  at  the 
point  where  the  curve  goes  through  zero  in  tlie  plus 
direction.  Such  a  point  of  reference  was  chosen  to 
express  the  equations  of  the  dotted  curve  in  Figs,  i 
and  2. 

It  is  usual  to  express  the  equations  of  two  or 
more  related  curves  in  such  a  way  that  they  refer  to 
the  same  time  axis.  The  lag  or  lead  of  currents  is 
usually  referred  to  the  voltage  and  for  tliis  reason 
it  is  customary  to  select  the  point  of  zero  time  as  the 
point  where  tlie  voltage  wave  goes  through  zero  in 
the  plus  direction  and  refer  all  waves  of  flux,  current, 
voltage,  etc.,  in  the  same  system  to  this  time  axis  of 
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electrical  degrees.  As  an  example  Fig.  3  shows  the 
voltage  and  exciting  current  of  a  transformer,  both 
curves  being  referred  to  the  same  scale.  On  account 
of  the  agreement  of  these  scales,  calculations  of  the 
flux  curve,  the  watt  loss,  etc.,  can  readily  be  made. 
The  Fourier  series  of  the  flux  wave  can  easily  be 
obtained  by  the  simple  integration  of  the  equation  of 
the  voltage  wave  and  if  for  example,  the  hysteresis 
loop  is  required,  it  can  readily  be  plotted  from  the 
flux  and  current  waves,  which  are  in  their  proper  time 
phase. 

HARMONIC   ANALYSIS 

In  the  solution  of  problems  for  circuits  having 
distorted  wave  shapes,  a  knowledge  of  the  Fourier 
theorem  will  be  of  little  value  to  the  engineer,  unless 
he  is  able  to  take  the  composite  waves  and  analyze 
them  into  their  component  parts  by  evaluating  the  co- 
efficients of  the  several  terms  of  the  general  equation. 
The  oscillograijhic  wave  record,  or  an  assumed  wave, 


FIG.  3 — VOLTAGE   AND  EXCITING  CURRENT   WAVE  OF   A 
TRANSFORMER 

such  as  the  field  form  of  a  motor,  is  the  usual  starting 
point  for  the  analytic  treatment  of  the  periodic  phe- 
nomena in  electric  circuits. 

The  ever  increasing  complications  and  variations 
in  electrical  circuits  and  apparatus  make  desirable  a 
method  of  harmonic  analysis  which  is  quick,  accurate, 
can  easily  be  used  by  rule  of  thumb  and  without  a 
working  knowledge  of  the  mathematics  involved.  It 
is  important  also  to  have  a  method  which  does  not 
require  replotting  of  the  curve,  the  subdivision  of  the 
time  axis  or  the  measurement  of  any  ordinates. 

Several  mathematical,  graphical  and  mechanical 
schemes  for  harmonic  analysis  have  been  devised.  The 
mathematical  methods  are  too  laborious  to  be  prac- 
tical even  when  tables  and  carefully  arranged  blank 
forms  are  used.  Some  graphical  methods  are  \tvy 
useful  to  extract  the  hannonics  by  groups,  such  as 
the  third  group  consisting  of  the  third,  ninth,  fifteenth 
and  higher  multiples  of  three.  Graphical  methods  are, 
however,  slow  and  inaccurate  for  a  complete  analysis 


and  are  not  practical  for  waves  containing  high  har- 
monics. 

-MECHANICAL  ANALYZERS 

Historical — The  mechanical  analyzers  date  back 
as  far  as  1876.  when  Prof.  James  Thomson'  suggested 
a  machine  for  analyzing  the  tide  variations  and  later 
his  brother.  Lord  Kelvin,  perfected  it.  Some  later 
machines  are  those  of  Prof.  Henrici,^  George  Yule,' 
Geo.  H.  Rowe,*  Michels<jn  &  Stratton.'  These  ma- 
chines have  not  been  used  very  extensively  in  elec- 
trical engineering  because  of  their  inconvenience  or 
inaccuracies,  the  fact  that  they  require  the  wave  in 
question  to  be  plotted  to  a  certain  scale  in  rectangular 
coordinates,  that  they  require  manual  tracing  or  that 
they  are  not  sufficiently  positive  in  their  operation. 

Neiv  Analyser — The  new  analyzer  here  described 
is  adapted  to  work  from  a  cut-out  templet  or  grooved 


FIG.  4 — POLAR  OSCILLOGRAMS  OF  AN   ALTERNATOR 

A — Field  Form. 

B  &  C— Voltage  Waves. 

record  of  a  polar  curve  printed  directly  from  a  polar 
or  circular  oscillogram.  Such  an  oscillogram  is 
reproduced  in  Fig.  4,  showing  two  voltage  cur\'^es  and 
the  field  fonn  of  a  machine  in  their  relative  phase 
positions.  The  three  concentric  circles  are  zero  lines 
for  the  three  cun'es  shown  and  the  deflections  are  ra- 
dially in  and  out  from  these  lines.  Such  a  picture 
has  many  advantages,  but  its  use  for  harmonic  analy- 
sis only  will  be  treated  in  this  article. 

Fig.  5  shows  the  complete  apparatus  for  analyz- 
ing any  periodic  wave  quickly  and  accurately.  It  con- 
sists of  a  turntable  T  on  which  a  cut-out  template  X 
of  the  oscillograph  wave  is  secured.  The  turntable 
is  mounted  on  a  carriage  C,  which  slides  forward  and 
backward  on  the  rails  RR.  of  the  base.    The  oscillat- 


(1) — Proceedings  of  the  Royal  Society,  Vol.  XXIV. 

(2)— Phil.  Mag.  July  ISiU. 

(,31— Phil.  Mag.  April  ISa'i. 

(4)— Electrical  World.  Mar.  2.ith,  1905. 

(5)— Phil.  Mag.,  Vol.  XIV,  p.  S.=i. 
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ing  motion  of  the  carriage  is  produced  by  a  crankpin 
P  (Fig  6),  on  a  worm  gear  G  mounted  in  the  base. 
The  gear  is  driven  by  a  worm  mounted  on  the  shaft 
Ih  The  pin  P  runs  in  a  transverse  slot  5,  on  the  bot- 
tom of  the  carriage  C  and  thus  gives  a  simple  liar- 
monic  motion  to  the  carriage. 


FIG.  5 — MECH.\NIC.-\L  AXALVZKR 

The  rotational  motion  of  the  turntable  and  tem- 
plate is  produced  through  a  worm  wheel  under  the 
turntable  and  a  worm  which  is  mounted  on  the  car- 
riage and  slides  back  and  forth  on  the  driving  shaft 
A.  As  the  template  revolves,  the  cross-bar  B,  sup- 
ported on  the  movable  carriage,  is  given  a  transverse 
motion  by  the  engagement  of  the  contact  point  E  with 
the  edge  of  the  template.  The  bar  is  pushed  out  by 
the  template,  and  springs  mounted  on  each  side 
of  the  bar  give  the  return  motion  and  keep  the  contact 
point  against  the  edge  of  the  template.  In  the  end  of 
the  bar  is  a  je^vel  screw  in  \vhich  is  placed  the  poini: 
of  a  polar  planimeter  H.  The  shafts  A  and  D  are 
driven  by  gears  rigidly  connected  to  the  crank  K. 
Gears  ff '  are  provided  to  analyze  for  all  even  and  odd 
harmonics  from  i  to  50.  The  gear  arrangement  for 
the  extraction  of  any  harmonic  is  shown  by  the  printed 
card  0  (Fig.  5).  In  most  cases  only  a  single  gear  has 
to  be  changed  to  shift  from  one  harmonic  to  the  one 
of  higher  order. 


FIG.  6 — DF.TAIL  VIF.W  OF  MECHANICAL  ANALVZF.R 

As  the  template  revolves,  the  carriage  oscillates 
and  the  end  of  the  crossbar  describes  compound  Lissa- 
jous  figures  consisting  of  a  simple  harmonic  motion 
in  one  direction,  and  a  transverse  motion  of  the  func- 
tion to  be  analyzed. 

Operation — The  machine  extracts  the  compo- 
nents one  at  a  time  and  in  any  order  desired.    A  com- 


plete analysis  can  be  made  in  a  few  minutes  by  fol- 
lowing a  few  simple  directions  and  without  any  knowl- 
edge of  the  action  of  the  machine. 

The  p<jlar  or  circular  oscillograph  record  is  trans- 
ferred with  carbon  paper  or  by  photographic  printing 
to  a  card  of  bristol  board.  From  this  a  template  is 
prepared  by  cutting  around  the  cune  to  be  analyzed. 
In  the  majority  of  cases  only  the  odd  harmonics  of  a 
curve  need  to  be  sought,  as  in  alternating-current  cir- 
cuits the. even  harmonics  of  voltage,  current  and  flux 
seldom  exist,  although  arc  lamps,  mercury  rectifier^, 
unsymmetrical  machines  (with  an  even  number  of 
pairs  of  poles),  corona,  etc.,  may  introduce  even  har- 
monics. 

A  quick  examination  of  the  curve  template  in 
circular  form  will  tell  whether  tests  for  even  compo- 
nents, sine  or  cosine  components  may  be  omitted.  If 
no  even  components  are  present  the  diameter  of  the 


FIG. 


CUT-OUT  TE.MPLATE  OF  POLAR  OSCILLOGRAM 


curve  at  all- angles  will  be  equal  and  equal  to  the  diam- 
eter of  the  zero  circle.  If  such  a  curve  (Fig.  7)  is 
symmetrical  about  the  axis  90° — 270°,  it  contains 
only  sine  or  A  terms.  If  the  cur\e  is  symmetrical 
about  the  axis  0° — 180°,  the  curve  contains  only 
cosine  or  B  components.  The  field  form  template  re- 
produced in  Fig.  7  was  found  to  ha\e  equal  diameters 
and  its  symmetrj'  about  the  axis  90° — 270°  shows 
that  it  is  necessary  to  analyze  only  for  the  odd,  sine 
components. 

After  thus  determining  which,  if  anv,  class  of 
iiarmonics  is  absent,  the  template  is  clamped  in  place 
so  that  the  point  of  reference  (  0^0)  is  at  the  con- 
tact point  E,  Figs.  5  and  8.  The  gears  are  arranged  so 
that  the  carriage  will  make  n  complete  oscillations 
while  the  turntable  and  template  make  a  complete  turn, 
;/  being  the  order  of  the  harmonic  component  sought. 
The  planimeter  is  set  at  zero  and  the  crank  turned  un- 
til the  turntable  has  made  one  revolution  as  indicated 
by  a  scale  of  degrees  around  the  edge  and  a  vernier 
index.  The  plainmeter  integrates  the  area  of  the 
Lissajous  figure  described  by  its  point  and  its  reading 
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divided  by  a  constant  and  n  is  the  amplitude  or  coetti- 
cient  of  the  harmonic  component  sought.  The  plani- 
meter  also  indicates  directly  whether  the  coefficient  is 
plus  or  minus. 

The  A  or  sine  components  are  obtained  when  the 
carriage  is  started  at  the  near  end  and  the  B  or  cosine 
components  are  obtained  when  the  carriage  begins  in 
the  center  and  starts  toward  the  rear.  The  machine 
is  arranged  so  that  the  shaft  A  can  readily  be  thrown 
out  of  gear  and  the  carriage  independently  adjusted 
to  the  proper  starting  position. 

If  5"a  is  the  area  indicated  by  the  planimeler  when 
the  operation  is  started  at  the  near  end.  then  the  e.xact 
value  of  the  sine  coefficient  is : — 

"  ~  ttRu 
Where  A„  =  coefficient  sought 
ff  =  3.141ii 

R  =  Radius  of  crank  pin  (}*,  l"ig.  (i) 
n  =  order  of  the  harmonic 
Similarly  if  Si,  is  the  area  indicated  when  the  car- 
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riage  is  started  in  the  center,  the  cosine  coefficient  is: — 
B„  = 


St 
ffRn 


If  the  planimetcr  reads  square  inches,  R  nuist  be 
expressed  in  inches  and  the  results  for  An  and  i>„ 
will  also  be  in  inches.  The  values  of  An  and  Bn.  mul- 
tiplied by  the  calibration  constant  of  the  oscillograph 
will  give  the  harmonic  components  directly  in  am- 
peres or  volts  as  the  case  may  be.  It  is  important  to 
note  that  the  planimeter  indications  are  multiplied  by 
II,  and  that  although  the  amplitudes  of  the  higher  har- 
monics are  usually  small,  the  readings  are  exaggerated 
and  can  be  accurately  read  from  the  instrument. 

MatlicDiatical  Proof — In  Fig  8  let  .r.r  and  yy 
represent  the  coordinate  axes  to  which  we  are  to  refer 
the  motions  of  the  planimeter  point.  The  relative  po- 
sition of  the  template,  carriage,  cross-bar,  the  point 
of  the  planimeter,  and  the  coordinate  axes  are  shown 
for  the  start  and  finish  of  the  operation  to  extract  the 
coefficient  .i„. 

As  the  crank  (not  shown  )  is  turned,  the  template 


of  the  wave  revolves  with  the  turntable  as  indicated 
by  the  arrow.  While  it  makes  one  revolution,  the 
carriage  makes  n  complete  oscillations  up  and  down. 
The  end  of  the  cross-bar  generates  a  Lissajous  figure 
as  shown  dotted,  and  the  planimeter,  which  has  its 
point  in  the  end  of  the  bar,  integrates  the  area  5,  of 
of  this  figure. 

Let  0  =  the  angular  position  of  the  template  expressed  in 
radian  measure. 

R  =  the  crank  pin  radius  or  half  travel  of  the  carriage. 

X  and  y  =  the  coordinates  of  the  planimeter  point  with 
respect  to  the  imaginary  axes,  xx  and  yy. 

n  =  number  of  oscillations  of  carriage  for  one  turn  of  the 
template  (determined  by  the  gear  ratio). 

S,  =  the  area  of  the  Lissajous  figure  or  motion  of  the  point 
of  the  planimeter  (read  by  the  planimeter  i. 

The  transverse  motion  of  the  planimeter  point  is  the  func- 
iton  to  be  analyzed  and  can  be  expressed  by  the  equation: — 

X  =  f(0)  =  A,  sin  0      A,  sin  2  0  +  A,  sin  3  0  -^ 

-|-A„  sin  n  0  -  B,  cos  0  -   B,  cos  2  0  -  B,  cos  3  0  -^   — 
•rB„cosn0.  (3) 

The  vertical  motion  of  the  point,  caused  by  the  oscillatory 
motion  of  the  carriage  is  expressed  by  the  equation: — 


R  sin 


C— 1) 


or  y  =  —  R  cos  (n  0) 
From  (.5) 
dy 


(4) 
(5) 


d0 


=  n  Rsiii  (  n0) 


S.  =  I  xdy  =    j  X  n  R  sin  (n©)d0 

is  substituted,   the  resulting  terms 


When  the  value  of 
of  the  form 


'/: 


A„  = 


(6) 


(n  R.\„)   I  sin  (m0)  sin  (n0)d0 
are  all  zero  except  when  m  =  n.     .\lso  all  terms  of  the  form 

nRB„  I  cos   (m0)  sin  (n0)d0 
equal  zero,  and  the  equation  reduces  to: — 

S,  =  n  R  .\„  I  sin-  (n0(d0 

S.  =-  n  R  .•\.„- 

and  transposed: — 

S. 

■Rn 

Fig.  9  shows  the  relative  position  of  parts  at  the  beginning 
and  end  of  the  operation  to  measure  the  coefficient  B^. 

The  transverse  motion  of  the  planimeter  point  is  the  same 
as  before, 

X  =  f  (0) 

The  vertical  motion  which  in  this  case  starts  in  the  center 
Igoing  up)  is:— 

y  =  Rsin  (n0)  (7) 

From  (7), 

d  V 

^=  "  Rcos  (n  0) 

The  area  (St)  of  the  figure  generated  and  integrated  by  the 
planimeter  is: — 

Sb  I   xdy  =   I    xnR  cos  (n  0)  d  0 
In  this  case  all  terms  of  the  form 

nR.\„    I  sin  (m  0Wos  {n@)  d  0 
are  zero  and  all  terms  of  the  form 

nRB„  I  cos  (m  0)  cos  (n  0)  d  0 
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are  zero  except  when  m  =     n      Tliu  ecjuatioii  then  reduces  to:- 

/■nt 
cos=  (n©)  d© 

S,  =  nR]{„7: 
and: — 


1{„  = 


ttR  n 


The  dotted  Lissajous  figures  shown  in  Figs.  8 
and  9  indicate  three  oscillations  of  the  carriage  per 
cycle  of  the  wave  template  and  are  therefore  an  illus- 
tratit)n  of  the  motions  for  the  evaluation  of  the  coeffi- 
oients  A^  and  B,. 

Curve  Drazvitig — It  is  sometimes  desirable  to  have 
the  harmonic  components  shown  graphically,  and  after 
the  analysis  has  been  made  the  several  waves  can  be 
drawn  on  a  piece  of  paper  or  card  placed  on  the  plani- 
meter  table.  To  do  this  a  pencil  is  placed  in  the  end 
of  the  crossbar,  a  spiral  template  of  steel  is  placed 
on  the  turntable  (which  gives  uniform  motion  to  the 
bar),  and  the  amplitude  and  frequency  are  arranged 
by  'the  adjustment  of  the  crank  pin  radius  and  the 
gears,  respectively.  The  phase  relation  of  the  compo- 
nent curves  is  arranged  by  the  relative  position  of  the 
carriage  and  turntable.  The  component  curves  of 
Figs.  I  and  2  were  drawn  in  this  way. 

CONCLUSION 

The  accuracy  and  value  of  the  macliine  in  analyt- 
ical work  has  been  much  beyond  expectations,  and  it 
is  now  in  daily  use  for  a  great  variety  of  work.  Tlie 
double  improvement  in  the  method  of  taking  oscillo- 
grams and  analyzing  the  waves  makes  the  harmonic 


study  of  periodic  electric  and  sound  phenomeiia  com- 
mercial and  profitable.  Problems  which  take  days  to 
analyze  by  the  former  methods  can  now  be  worked 
out  with  greater  accuracy  in  as  many  hours.  On  ac- 
count of  the  laborious  methods,  the  engineer  has  often 
avoided  an  harmonic  analysis  of  electromagnetic  dis- 
turbances,  features  of  design,  unusual  noises  in  ma- 
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chines,  etc.,  and  resorted  to  the  cut-and-dry  method  of 
correcting  such  faults  which  in  most  cases  is  longer  or 
totally  unsatisfactory.  With  a  polar  oscillograph  and 
the  analyzer  here  described,  many  perplexing  problems 
which  come  to  the  electrical  engineer  can  be  worked 
out  lin  a  scientific  way,  and  with  a  minimum  of  time 
and  expense. 


Arguments  Against  Light 


THE  "Jahrbuch  fiir  Gastecbnik"  for  the  year 
191 2  contains  the  following  arguments  against 
the  illumination  of  streets  by  the  means  of 
gas,  reprinted  from  the  "Koelnische  Zeitung"  March 
28,  1816. 

"The  illumination  of  streets  at  night  by  means 
of  gas  is  objectionable  for  the  following  reasons. 

I — From  the  theological  standpoint.  Artificial 
illumination  is  an  attempt  to  interfere  with  the  divine 
plan  of  the  world,  which  has  preordained  darkness 
during  night  time. 

2 — From  the  juridical  standpoint.  Those  people 
who  do  not  v/ant  gaslight  ought  not  to  be  compelled 
to  pay  for  its  use. 

3 — From  the    medical    standpoint.      The    emana- 


tiims  of  illuminating  gas  are  injurious.  Moreover 
illuminated  streets  would  induce  people  to  remain 
later  out  of  doors  and  this  would  lead  to  an  increase 
in  ailments  caused  by  colds. 

4 — From  the  moral  standpoint.  The  fear  of 
darkness  will  vanish  and  drunkenness  and  depravity 
increase. 

5 — From  the  view  point  of  the  police.  The  horses 
will  get  frightened  and  the  thieves  emboldened. 

6 — From  the  point  of  view  of  national  economies. 
Great  sums  of  money  will  be  exported  to  foreign 
countries. 

7 — From  the  point  of  view  of  the  common  people. 
The  constant  illumination  of  streets  by  night  will  rob 
festive  illuminations  of  their  charm." 


Measuring  Idle  Volt- Amperes 


H.  B.  Taylor 


IN  DIRECT-CURRENT  circuits,  the  watts  are  the 
same  as  the  volt-amperes,  but  in  alternating-cur- 
rent circuits,  due  to  the  phase  angle  between  the 
current  and  the  voltage,  the  true  power  is  nearly  al- 
ways less  than  the  volt-amperes.  The  true  power  in 
an  alternating-current  circuit  can  be  expressed  as  be- 
ing equal  to  the  product  of  the  volt-amperes,  into  the 
cosine  of  the  phase  angle  or  the  power-factor.  An- 
other and  equivalent  expression  for  the  true  power 
or  watts  would  be  that  it  is  equal  to  the  voltage,  times 
that  component  of  the  current  which  is  in  phase  with 
the  voltage.  That  component  of  the  current  which 
is  at  right  angles  to  the  current,  thus  producing  no 
power,  is  called  the  wattless  component.  W'hen  mul- 
tiplied by  the  voltage,  it  is  called  the  wattless  com- 
ponent of  the  volt-amperes  and  may  be  expressed  as 
the  product  of  the  volts,  amperes,  and  sine  of  the 
angle  of  lag.  Thus  there  are  the  following  quantities 
that  may  be  measured  by  instruments : — - 


Volts  (E) 

Amperes  (1) 

Cosine  of  Angle  (Cos  4>) 
True  Watts  (I  E  Cos  (p) 

Apparent  Watts  (I  E) 

Sine  of  Angle      (Sin  (p) 


(Voltmeter  I 
(Ammeter ) 
(Power-factor  meter  i 
(Wattmeter) 

(Voltmeter  and  ammeter — 
product  of  two  instrument 
readings) 

(Wattless  factor  meter) 


Wattless  Component  (I  E  Sin  ^)  (Wattless  component  meter) 

Instruments  for  indicating  phase  angle  or  factors 
based  upon  the  phase  angTe  have  their  most  useful 
application  in  plants  containing  rotaries  or  other  syn- 
chronous machines  which  enable  the  attendant  to 
control  these  factors.  Some  power  station  operators 
prefer  instruments  which  indicate  the  wattless  com- 
ponent  of   an   alternating-current  circuit   rather   than 

TABLE  I. -COMPARISON'  OF  WATTIj;SS  FACTOR  AND 
POWER-FACTOR. 


Phase  Angle 

Percent       '          Percent             Ratio  of  Idle  to 
Powei^Factor     Wattless  Factor  iPower  Component 

^ 

COS  $                 sin  0          '          tan  0 

0° 
11°  28' 

1  18°  12' 
25°  51' 
36°  52' 
45°  36' 
53°  8' 
60°    0' 

!        66°  26' 

100                   no 
98                      1VI.9 
95                      31.2 
90                      43.6 
80                      60  0 
70                      71.4 
60                      80.0 
50                     86.6 
40                     91.6 

O.COO 

0.203 

0..329 

0.484 

0.750 

1.02 

1.33 

1.75 

2.29 

the  power  component.  Preference  for  this  type  of 
meter  instead  of  the  ordinary  power-factor  meter  is 
largely  for  psychological  reasons.  At  fairly  higii  power- 
factors  the  wattless  component  of  a  given  load  is  large 
as  compared  with  the  difference  between  the  percent 
power-factor  and  one  hundred  percent.  For  instance, 
97  percent  power- factor  really  means  practically  the 
same  thing  as  25  percent  wattless  factor.  But  the 
power  station  attendant  who  sees  the  power-factor 
meter  indicating  97  percent  may  think  that  is  good 
enough  for  all  practical  purposes,  while  if  the  meter 


indicates  that  a  25  percent  component  of  the  current 
is  idle,  he  may  bestir  himself  to  better  the  conditions. 

The  ratio  of  the  idle  component  to  the  power 
component  is  equal  to  the  tangent  of  the  phase  angle. 
Comparisons  of  these  values  show  that  the  wattless 
factor  of  the  average  alternating-current  circuit  is 
quite  large.  \'arious  power-factors  with  correspond- 
ing phase  angles  and  other  data  are  given  in  Table  I. 

There  are  two  kinds  of  meters  for  the  purpose  of 
keeping  the  attendant  informed  as  to  the  wattless  com- 
]xinent.  One  of  these,  called  a  "wattless-factor 
meter,"  as  distinguished  from  the  power-factor  meter, 
is  made  on  the  same  plan  as  the  power-factor  meter 
but  has  the  scale  marked  to  read  the  wattless  or  sine 
component  of  the  volt-amperes,  instead  of  the  power 
or  cosine  component.  \Mien  the  angle  of  lag  or  lead 
is  zero,  the  cosine  of  the  angle  is  unity  and  the  sine 
is  zero.  The  power-factor  meter  indicates  100  percent 
and  the  wattless  factor  meter  indicates  zero  under  this 
condition. 

The  wattless  factor  meter  scale  reads  directly  in 
percentage  of  idle  current  component,  independent  of 
the  actual  load  on  the  circuit.  There  is  no  essential 
difference  between  it  and  the  power-factor  meter  ex- 
cept the  scale  marking.  This  kind  of  meter  favors  the 
highest  efficiency  of  operation  at  all  loads,  although  it 
does  not  emphasize  the  importance  of  keeping  down 
the  wattless  factor  at  any  particular  load.  A  wattless 
component  meter  indicates  the  total  wattless  com- 
ponent of  the  volt-amperes  in  the  circuit,  regardless  of 
the  power-factor,  in  the  same  way  that  the  wattmeter 
indicates  the  total  power  component.  It  differs  from  a 
wattmeter  only  in  the  way  it  is  connected  to  the  cir- 
cuit. This  type  of  meter  has  the  advantage  of  giving 
a  more  emphatic  indication  when  the  circuit  is  hea\Tly 
loaded,  coupled  with  the  disadvantage  that  its  indica- 
tion is  liable  to  escape  attention  at  relatively  small 
loads. 

To  make  a  wattmeter  read  the  wattless  component 
instead  of  tlie  power  comp>onent  of  a  two-phase  cir- 
cuit, it  is  necessar}'  only  to  interchange  the  voltage  con- 
nections as  shown  in  Fig.  i.  The  voltage  of  phase  A 
is  then  across  the  potential  windings  for  phase  B  and 
vice-versa,  thus  obtaining  the  proper  90  degree  shift 
in  voltage  for  reading  the  wattless  volt-amperes.  The 
potential  transformers,  of  course,  need  no  special  taps. 

Three-phase  circuits  can  have  wattless  compo- 
nent indicators  connected  through  transformers  with 
special  taps,  which  are  arranged  to  give  connections 
for  the  voltage  coils  of  the  meter,  90  electrical  degrees 
from  the  voltage  which  is  applied  when  the  meter  is 
connected  to  read  watts.  The  angles  between  tlie  cur- 
rent and  the  voltage  in  the  meter  elements  at  unity 
power-factor  are  then  60  degrees,  lag  and  lead  re- 
spectively, in  place  of  30  degrees  lead  and  lag.  as  in  a 
wattmeter  under  the  same  conditions. 
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Coniiectkins  are  given  in  Fig.  2  for  operating  a 
polyphase  wattmeter  to  indicate  either  watts  or  the 
wattless  component,  by  throwing  a  four-pole  double- 
throw  switch.  Voltage  transformers  have  leads 
brought  out  at  57.7,  100,  and  115.4  percent  of  the  nor- 
mal voltage  for  which  the  potential  coils  of  the  watt- 


B 


B 


j6- 


> 


"J 


„B    A 


fig.   i — \v.\tt.\1etkr  connections  for  re.munr,  wattless  volt- 
.\jMperes  on  a  two-phase  circuit 
When  the  four-pole,  double-throw  switch  is  thrown  to  the 
left,  the  meter  reads  watts ;  to  the  right,  wattless  volt-amperes. 

meter  are  wound.  (In  practice  it  is  found  that  57.5 
and  115  percent  taps  allow  simpler  transformer  de- 
sign and  are  sufficiently  accurate.)  Referring  to  Fig. 
3,  it  will  be  noted  that  the  voltage  from  the  outer  end 
of  each  secondary  winding  to  the  middle  point  of  the 
other  isV(ii5)^ — (57.)-=ioo  volts  and  is  exactly 
at  right  angles  to  the  normal  potential.  A  meter  which 
reads  watts  with  its  voltage  coils  connected  at  AC 
and  BC  will  read  wattless  component  on  the  same  cir- 


xo 


bo- 


B 


FIG.   2 — W^ATTMETER   CONNECTIONS    FOR    READING    WATTLESS    VOLT- 
AMPERES  ON    A   THREE-PHASE  CIRCflT 

W'hen  the  four-pole,  double-throw  switch  is  thrown  to  the 
left,  the  meter  reads  watts;  to  the  right,  wattless  volt-amperes. 

cuit  when  its  voltage  connections  are  changed  to  by 
and  xa.  With  the  double-throw  switch.  Fig.  2,  thrown 
to  the  left,  the  voltages  AC  and  BC  are  impressed 
across  the  wattmeter  and  the  meter  indicates  watts. 
In  Fig  3,  AO  and  BO  represent  the  current  vectors 
at   unity  power-factor,   voltage  AC   and   current  AO 


being  connected  to  one  side  of  the  meter  and  voltage 
BC  and  current  7^0  to  the  other  side.  \\"n\\  the  switch 
thrown  to  the  right,  Fig.  2,  the  voltages  impressed  on 
the  wattmeter  are  by  and  xa.  It  will  be  noted  that 
\oltage  by  is  of  the  same  magnitude  as  AC  and  re- 
places it;  consequently  the  voltage  across  this  element 
<'f  the  wattmeter  is  now  shifted  90  degrees  with  re- 
spect to  the  voltage  previously  applied.     Similarly  xa 


FIG.   3 — VECTOR   DIAGRAM 

Illustrating  the  relation  of  voltages  and  current  necessary 
to  read  wattless  volt-amperes. 

replaces  BC,  and  the  condition   required   to   indicate' 
wattless  volt  amperes  is  obtained. 

Instead  of  using  transformers  with  special  taps, 
standard  transformers  and  a  meter  with  special  re- 
sistors can  be  used  to  accomplish  the  same  result.  In 
this  case  the  voltage  between  the  middle  and  outer  ends 
of  the  V  connection  will  be  the  normal  secondare 
voltage  of  the  transformer,  and  the  meter  will  be  cali- 
brated to  read  the  load  corresponding  to  that  voltage 
when  the  actual  voltage  impressed  on  it  is  86.6  percent 
of  normal.  The  voltages  indicated  in  Fig.  4  will  then 
apply,  all  of  the  voltage  values  given  in  Fig.  3  being 
multiplied  by  0.866.     The  coils  shown  will  represent 


FIG.  4 — VOLTAGE  REL.\TIONS  NECESS.VRY  FOR  READING  W.\TTLESS 
VOLT-AMPERES  ON  A  THREE-PHASE  CIRCUIT  BY  MEANS  OF  RE- 
SISTANCES INSTEAD  OF   TRANSFORMERS 

non-inductive  resistors  T'-connected  to  the  potential 
transformers.  This  is  not  as  good  a  scheme,  because 
the  resistors  cannot  be  designed  to  take  enough  cur- 
rent to  make  the  effect  of  the  shunt  current  in  the 
meter  negligible  without  placing  an  excessive  load  on 
the  voltage  transformers.  There  may  be  some  appli- 
cation for  it  on  low  voltage  circuits,  which  do  not  re- 
quire instrument  transformers,  and  where  the  energy 
consumed  by  the  resistors  is  not  objectionable. 


Drilling  Square  and  Hexagonal  Holes 


C.  B.   AUEL 


OUR  conception  of  drilling  has  so  long  been  as- 
sociated with  round  holes  that  when  told 
square  and  hexagonal  holes  may  be  drilled  in 
metnl  with  almost  the  same  facility,  one  is  apt  to  ex- 
claim that  the  idea  is  preposterous.  In  this  age  of 
surprising  accomplishments,  it  is,  however,  best  to 
proceed  slowly  before  saying  anything  is  impossible, 
and  thus  it  is  with  drilling. 

Square  holes  are  usually  formed  either  by  punch- 
ing, or  with  the  aid  of  a  drill  and  a  slotter.  While  the 
process  herewith  described  is  quite  recent  as  compared 


drill  as  shown  in  Fig.  i,  the  hole  in  the  guide  being 
exactly  the  same  size  and  shape  as  that  of  the  finished 
hole  desired.  The  piece  is  then  chucked  in  a  lathe, 
and  rotated,  while  a  triangular  drill,  Fig.  2.  its  sides 
each  equal  (less  clearance)  to  the  sides  of  the  square, 
is  then  forced  home.  If  more  convenient,  the  opera- 
tion may  be  reversed,  the  drill  being  rotated  and  the 
piece  held.  The  drill  must  be  allowed  to  float  by 
means  of  a  taper  pin  or  the  equivalent,  to  keep  it  from 
binding.  Holes  may  be  successfully  drilled  in  this 
manner  to  a  depth  approximately  twice  their  diameter, 


FIG.    I — COU..\K   OH   GUIUE   FASTENtl)    TO    PIECE    IN    WHICH    SQUARE 
HOLE  IS  TO  BE  DRILLED 

with  the  drilling  of  round  holes,  nevertheless  it  is  at 
least  twenty  years  old  and  perhaps  many  years  older, 
having  been  regularly  employed  by  the  Westinghouse 
Electric  &  Mfg.  Company  for  that  length  of  time  in 
the  manufacture  of  special  wrenches,  tapping-sockets, 
pneumatic  chisel-bushings,  and  the  like,  which  are 
required  in  small  lots  and  which  therefore  cannot  be 
purchased  in  the  open  market. 

When  drilling  in  brass,  no  preliminary  operation 
is  required,  but  in  the  case  of  steel,  it  is  necessary 
first,  to  drill  a  round  hole,  in  diameter  equal  to  that 
of  a  circle  which  can  be  inscribed  in  the  desired  square 
or  hexagonal  shaped  hole.    A  curious  feature  in  drill- 


FIG.  3 — A  VARIETY  OF  PIECES   IN   WHICH   SQUARE  AND   HEXACON.\L 
HOLF.S  HAVE  BEEN  DRILLED  BY  THE  METHOD  DESCRIBED 


without  any  twisting  or  swerving.  It  is  customary  to 
drive  a  drift  through  the  hole  finally  for  a  fine  finish. 
Fig.  3  shows  a  variety  of  pieces  made  in  the  manner 
described. 

The  principle  involved  will  be  readily  understood 
by  reference  to  Fig.  4,  in  which  a.  b.  c  and  d  repre- 
sent the  four  sides  of  the  guide  with  a  square  hole 
the  same  size  as  the  hole  to  be  drilled,  while  c,  f  and  g 
are  the  sides  of  the  triangular  drill.  With  rotation  of 
the  drill  assumed  to  be  clockwise,  the  drill  is  pivoted 
for  an  instant  in  the  corner  h  of  the  guide  until  the 
point  e  of  the  drill  reaches  the  corner  a  of  the  guide. 
where  it  is  then  pivoted   for  a  like  instant  until  the 


FIG.   2 — TRIANGULAR   DRILL   AND    SPECIAL    HOLDER   FOR    USE   IX 
DRILLING  SQUARE   HOLES 

ing  a  polygonal  hole,  is  that  the  drill  must  have  lips 
or  sides  equal  in  length  to,  but  one  less  in  number  than 
the  sides  of  the  hole  required ;  for  example  a  square 
hole  would  be  drilled  with  a  triangular  or  three-sided 
drill ;  a  hexagonal  or  six-sided  hole  with  a  pentagonal 
or  five-sided  drill ;  and  so  on.  The  operations  are 
exceedingly  simple  and  may  be  described  briefly  as 
follows : — 

A  piece  of  brass  into  which  a  square  hole  is  to  be 
drilled,  is  first  provided  with  a  collar  or  guide  for  the 


FICv   4 — SKETCH    SHOWING    HOW    HOLES    ARE   DRILLED 

jxiint  (/  of  the  drill  reaches  the  corner  d  of  the  guide 
and  so  on.  In  following  the  guide  in  this  manner,  the 
drill  naturally  makes  the  same  kind  of  a  hole  in  the 
metal  back  of  the  guide  and  over  which  the  latter  fits 
and  thus  the  drilling  of  a  square  hole  is  accomplished. 
When  drilling  a  hexagonal  or  six-sided  hole,  a  pen- 
tagonal or  five-sided  drill  must  be  used,  as  already 
stated,  each  side  of  the  drill  being  equal  (less  clear- 
ance") to  a  side  of  the  hexagonal  guide.  The  actual 
drilling  is,  of  course,  done  by  the  ends  of  the  drill, 
the  sides  of  which  take  no  part  in  the  forming  of  the 
hole,  merely  serving  as  supports  against  the  sides  of 
the  square  guide. 


Shop  Testing  of  Electrical  Apparatus — XIV 


INDUCTION  MOTORS 


FOR  TEST  PURPOSES,  induction  motors  may 
be  divided  into  polyphase  and  single-phase 
types.  There  are  a  number  of  methods  of  test- 
ing and  calculating  test  results  for  each,  the  differences 
between  the  methods  for  the  two  types  being  due  to 
the  presence  of  the  starting  windings  or  devices  in  the 
single-pnase  machine,  and  the  peculiar  flux  relations 
in  its  operation. 

The  three  common  methods  of  determining  the 
characteristics  of  either  polyphase  or  single-phase  in- 
duction motors  are  the  graphic  or  circle-diagram  me- 
thod, the  brake  test,  and  mathematical  calculation. 

To  establish  the  complete  performance  of  a  poly- 
phase motor,  the  following  characteristics  must  be  de- 
termined:— Efficiency,  power-factor  and  speed  over 
the  entire  range  of  load  at  normal  voltage  and  fre- 
quency, the  ratios  of  its  starting  and  of  its  maximum 
or  pull-out  torque  to  its  full-load  torque,  and  also  the 
ratio  of  the  line  current  when  starting  under  full-load 


FIG.    I — GENERAL  VIEW   OF   A   TYPICAL   INDUSTRIAL    MOTOR   TEST    FLOOR 

torque  to  the  line  current  when  operating  at  normal 
load.  A  mechanical  examination  for  undue  vibration 
and  noise  is  made  during  the  temperature  run. 

THE   CIRCLE   DI.\GR.\M    METHOD 

The  diagram  which  will  be  used  in  this  discus- 
sion is  the  Specht  diagram  which  is  a  refinement  of 
the  Heyland  or  McAllister  diagrams.  Three  readings 
only  are  necessary  for  its  construction ;  namely,  the 
resistance  of  the  primary  winding  at  normal  operating 
temperature,  readings  of  current  and  power  at  normal 
voltage  will,  the  motor  running  idle  and  readings  of 
current  and  power  at  normal  voltage  with  the  rotor 
of  the  motor  locked. 

Resistance  Readings  are  taken  on  the  machine 
when  cold  and  also  after  each  of  the  temperature  runs. 
On  the  primary,  the  resistance  is  taken  between 
terminals  and,  in  the  case  of  wound  rotors,  between 


rings  on  the  secondary,  the  potential  points  being  held 
directly  on  the  rings  and  not  on  the  leads  or  brushes. 
The  room  temperature  must  be  noted  carefully  in 
each  case.  If  there  is  any  reason  to  suspect,  when 
taking  the  cold  resistance,  that  the  windings  of  the 
machine  are  at  a  different  temperature  from  the  room, 
thermometers  should  be  placed  directly  on  the  wind- 
ings and  their  readings  noted  along  with  the  tempera- 
ture of  the  room. 

Readings  of  Current  and  Power — Motor  Run- 
ning Idle — While  readings  at  normal  voltage  only  are 
sufficient  for  the  determination  of  the  performance 
of  the  motor  it  is  desirable  to  take  a  number  of  read- 
ings at  different  voltages  and  plot  curves  to  ensure 
accuracy.  These  curves  are  usually  termed  the  run- 
ning saturation  curves  of  the  motor  and  are  useful  in 
determining  many  features  of  the  design,  as  well  as 
the  true  value  for  the  current  and  power  at  normal 
voltage.  It  is  good  practice  whenever  possible  to 
make  temperature  runs  before  taking 
the  running  saturation  curves  so  that  the 
bearings  may  be  worn  in  to  approximate- 
ly normal  condition  before  the  test.  In 
taking  the  running  saturation  of  a  ma- 
chine, it  is  connected  to  the  line  with 
wattmeters,  ammeters  and  voltmeters  in 
the  circuit.  A  polyphase  wattmeter  or 
two  single-phase  meters  are  necessary 
for  greatest  accuracy.  Where  only  one 
single-phase  meter  is  available,  in  the 
case  of  very  small  power  or  fan  motors, 
some  arrangement  must  be  made  so  that, 
while  taking  the  readings  in  one  phase 
or  lead,  an  impedance  equivalent  to 
that  of  the  meters  used  can  be  placed 
in  series  with  each  of  the  other,  leads  so  as  to  avoid 
any  excessive  unbalancing  of  the  circuit. 

Before  starting  the  motor  to  be  tested,  the  wiring 
and  transformer  connections  should  be  checked  care- 
fully The  machine  is  brought  up  to  speed  and 
checked  mechanically  for  end-play,  lubrication,  etc. 
After  the  friction  in  the  machine  has  become  constant, 
as  indicated  by  constant  wattmeter  readings,  the  volt- 
age is  brought  up  to  about  33  percent  above  normal 
and  a  reading  of  current  and  watts  taken,  the  current 
being  read  in  all  phases.  The  algebraic  sign  of  the 
wattmeter  readings  should  be  carefully  noted.  A  re- 
versal of  the  connections  to  get  a  positive  deflection 
indicates  that  the  difference  between  the  two  readings 
must  be  taken  to  get  the  true  value  of  the  power.  The 
voltage  is  lowered  in  about  10  percent  steps,  one  step 
being  at  normal  voltage,  taking  each  reading  at  each 
step,  until  the  speed  of  the  motor  breaks,  i.  e.,  drops 
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oft  rapidly.  ^lli^  |)oiin  i>  jjciierally  iiulicated  by  the 
current  going  up  as  the  voltage  is  lowered.  Care 
should  be  taken,  in  changing  from  one  step  to  another, 
that  the  niacliinc  has  assumed  the  condition  due  to 
the  voltage  held  before  a  reading  is  taken.  The 
stability  of  the  wattmeter  reading  is  a  lair  indication 
of  the  proper  time  to  take  a  reading.  During  tliis  and 
the  succeeding  tests,  care  should  be  taken  that  the  fre- 


FIG.  2 — RUNNING   SATURATION   CURVES 

The  air-gap  line  is  drawn  tangent  to  the  curve  of  mag- 
netizing amperes,  since  at  low  voltage  and  nearly  synchro- 
nous speed,  the  excitation  required  for  the  iron  is  consid- 
ered negligible.  The  error  involved  is  slight,  although  the 
ampere-turns  required  for  the  iron  are  never  quite  zero, 
and  there  is  always  a  slight  saturation  factor. 

queiicy  remains  at  the  motor's  rated  value,  and  that 
the  voltage  on  the  different  phases  remains  balanced. 
A  typical  set  of  results  for  such  a  test  on  a  50 
horse-power  three-phase,  440  volt  25  cycle,  6  pole  in- 
duction motor  is  given  in  Table  I.  and  the  correspond- 
ing curves  in  Fig.  2.     In  making  such  a  test,  the  read- 

TABLE  I— RUNNING  SATURATION 


Volts 


656 
500 
444 
380 
320 
260 
200 
150 
100 
50 


.\mperes 


Walls 


36.23 

2640 

25.08 

1640 

16.30 

1160 

12.08 

880 

9.75 

700 

7.58 

540 

5.91 

440 

5.05 

295 

3.50 

280 

3.7.1 

227. 

Motor  starts  at  .58  volts — runs  quietly— no  dead  points. 

ings  actually  taken  should  be  recorded,  together  with 
meter  calibrations  and  voltage  ratios,  if  transformers 
are  used.  The  readings  given  in  Table  I,  are  derived 
from  an  actual  test,  the  amperes  being  the  average 
amperes  per  phase  and  the  watts  the  result  of  read- 
ings by  the  two  wattmeter  method.    The  information 


to  be  derived  from  these  results  is  indicated  in  Fig.  2, 
as  follows : — 

Tlie  friction  and  windage  losses  are  indicated  by 
the  ordinate  AB.  the  watts  read  at  the  last  [X)int 
in  tl.e  test,  the  core  loss  being  practically  negligible  at 
this  low  voltage,  and  the  speed  being  nearly  synchron- 
ous. Then  referring  to  the  curve  of  watts  at  the 
normal  voltage  point,  the  core  loss  is  determined  by 
the  difference  between  AC  and  AB,  which  equals 
BC.  This  value  also  includes  the  no-load  copper 
losses  which  should  be  subtracted,  particularly  on 
small  machines,  where  it  may  be  a  considerable  part 
of  the  watt  reading  at  no  load.  The  magnetizing  cur- 
rent required  for  the  air-gap  alone  varies  in  a  straight 
line  as  shown,  and  the  ratio  of  the  total  magnetizing 
current  AE  to  this  value  AD  at  normal  voltage  deter- 
mines (and  is  defined  as)  the  "saturation  factor''  of 
the  machine. 

Readings  of  Current  and  Poivcr  at  Normal  Volt- 
age— Rotor  Locked — In  taking  the  locked  saturation 
readings,  the  motor  is  connected  as  for  the  running 
saturation.  Meters  should  be  selected  with  care ;  in 
no  case  should  part  of  a  curve  be  taken  with  a  series 
transformer  and  part  with  the  meter  alone ;  watt- 
meters will  stand  100  percent  overload  in  current  long 
enough  to  get  a  reading.  Readings  should  be  taken 
at  as  near  the  same  temperature  as  possible,  the  higher 
values  being  taken  first  so  that  the  motor  will  be  hot 
for  all.  If  ijt  becomes  too  hot  at  any  time  it  should 
be  allowed  to  run  light  for  a  few  minutes  to  cool  off 
before  taking  the  next  reading.  In  the  case  of  wound- 
rotor  machines  the  secondary  should  be  short-cir- 
cuited, this  short-circuit  being  inside  the  brushes,  that 
is,  at  the  rings,  if  at  all  possible.  With  about  full-load 
current  on  the  stator,  the  rotor  should  be  moved  over 
a  space  equivalent  to  a  pole  pitch  and  the  position  of 
ma.\imujn  current  noted,  and  the  rotor  is  then  locked 
in  this  position  for  the  locked  tests.  In  deterinining 
this  maximum  current  all  phases  should  be  read,  as  the 
maximum  shifts  from  one  phase  to  another  as  the 
rotor  is  moved.  The  maximum  current  position  also 
corresponds  to  that  of  maximum  torque,  and  it  niay 
be  more  convenient  in  the  case  of  some  of  the  smaller 
machines  to  make  the  torque  the  distinguishing  fea- 
ture. It  is  generally  not  advisable  on  account  of  undue 
heating  to  take  the  readings  with  the  rotor  locked  at 
normal  voltage  except  in  the  case  of  some  small  ma- 
chines with  wound  rotors.  The  normal  voltage  values 
are  calculated  from  readings  taken  at  lower  voltages 
on  the  assumption  that  the  current  varies  directly  as 
the  voltage,  and  the  watts  as  the  square  of  the  voltage. 
This  assumption  does  not  hold  good  in  many  cases 
of  small  motors,  high-torque  machines  or  in  other  spe- 
cial cases.  Sufficient  points  must  then  be  taken  to 
determine  a  curve  and  the  normal  voltage  values  ob- 
tained from  the  cur\-es  or  their  logical  extensions. 
Readings  may  be  taken  as  high  as  three  or  four  times 
normal  current  without  injury  to  the  machine,  pro- 
vided this  current  flows  for  a  short  time  onlv. 
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The  readings  in  the  first  three  columns  of  Table 
II  represent  actual  test  values,  while  those  in  the  last 
two  columns  were  calculated  according  to  the  above 
assumptions,  for  normal  voltage.  The  curves  of  am- 
peres and  kilowatts  in  Fig.  3  are  plotted  from  the  test 
values  and  then  extended,  as  shown  by  the  dotted 
lines,  to  normal  voltage,  as  a  check  on  the  calculated 
values.     It  is  evident  from  the  calculations  in  Table 


FIG.    .^ — LOCKED    SATURATION    CURVES 

The  clotted  portion  represents  a  logical  extension  to  full 
voltage  of  the  curve  determined  by  actual  readings  at  the 
lower  voltages. 

II  that  the  assumptions  made  are  not  strictly  correct, 
since  the  calculated  values  jncrease  as  the  voltage  in- 
creases, instead  of  being  all  the  same.  So  some  higher 
value  than  any  there  resulting  should  be  used  in  the 
construction  of  the  diagram.  The  ampere  curve  very 
readily  determines  this  value  for  the  amperes.  It  will 
he  seen  that  the  power-factor  stays  about  constant 
throughout  the  test ;  therefore,  assuming  an  average 
power-factor,  the  kilowatts  may  be  calculated  as  well. 
On  motors  with  wound  secondaries,  in  addition 
to  the  running  and  locked  saturation  curves,  an 
open  saturation  curve  is  taken.     As  the  name  implies 

TABLE  II— LOCKED  SATURATION. 


Test  Values 

Power 
Factor 

Calculated 

to440volu 

Volts 

Amps,  per 
Terminal 

Kw 

Amps,  per 
Terminal 

Kw 

280 

269 

68.4 

52.4 

422 

169 

240 

224 

48.6 

52.4 

411 

164 

200 

184 

32.8 

51.6 

405 

1.59 

160 

140 

19.5 

.50.. 3 

385 

148 

121 

105 

11.3 

51.3 

382 

150 

j         80.5 

68 

4.9.'> 

52.2 

372 

14H 

the  leads  of  the  secondar}'  are  left  open ;  voltage  is 
impressed  on  the  primary  in  the  same  manner  as  for 
the  running  saturation  and  the  same  readings  taken 
as  in  that  test,  the  voltage  between  terminals  on  the 
secondary  being  also  read.  The  data  is  recorded  and 
plotted  in  the  same  general  manner  as  that  of  the  run- 
ning saturation  and  should  check  very  closely  to  the 
values  there  obtained. 


The  ratio  of  the  primary  to  the  secondary  electro- 
motive force  is  frequently  used  to  calculate  the  kilo- 
watts taken  when  the  rotor  is  locked,  the  calculated 
value  giving  better  results  than  the  tested  value  in 
cases  where,  because  the  secondary  frequency  is  much 
higher  than  normal,  the  eddy  currents  are  excessive 
when  taking  the  locked  saturation  in  the  ordinary  way. 
It  is  evident  that  the  power  consumed  in  taking  the 
locked  saturation  is  dissipated  only  in  the  copper 
losses  in  primary  and  secondary  and  in  eddy  current 
losses.  The  eddy  current  loss  is  rather  indefinite  but 
may  be  assumed  to  be  between  20  and  30  percent  of 
the  secondary  loss,  depending  on  the  type  of  winding 
on  the  rotor. 

Let  /„  =  Primary  current — no  load — 1  Equivalent  single- 
phase  amperes). 

/,.  =-  Primary  current — locked — (Equivalent  single- 
phase  amperes  I . 

E  =  Primary  electromotive  force  (normal  voltage). 

Es  =  Secondary  electromotive  force  at  E  primary  elec- 
tromotive force. 

E 

Is   =  Secondary  current  locked  =—£r  ^  I,., 

i?  =  Primary  resistance  between  terminals. 
J?3  =  Secondary  resistance  between  terminals. 
A'l  =  Primary  reactance. 

A'2  =  Secondary  reactance  in  terms  of  the  primary,  or 
the  "equivalent"  secondary  reactance. 

Then  the  primary  copper  loss  =  (7,.-7o)^  -^ 
The  secondary  copper  loss  =1^  -.,' 


The  eddv  current  loss 


-('If) 


K.  as  pre\iously  noted,  varies  from  0.2  to  0.3, 
depending  on  the  type  of  winding  whether  wire,  strap, 
or  bar.  The  total  locked  kilowatts  then  will  be  the 
sum  of  the  above  three  losses.  The  amperes  are  de- 
termined in  the  ordinary  way  as  already  explained. 

CONSTKUCTIXG   THE    CIRCLE  DI.\GR.\M 

All  the  necessary  values  are  now  available  for  the 
construction  of  the  circle  diagram  of  this  motor,  the 
cold  resistance  at  25  degrees  Centigrade  being  0.197 
ohms  between  terminals. 

The  resistance  at  60  degrees  C.  is  used  for  the 
diagram  as  being  about  the  limit  to  which  the  wind- 
ings of  a  motor  under  normal  operation  will  rise,  being 
equal  to  the  resistance  at  25  degrees  C.  multiplied  by 
1. 135.  Below  is  a  summary  of  the  values  from  the 
test.  These  are  taken  from  the  smooth  curves  plotted 
from  the  actual  readings.  The  amperes  per  tenninal 
in  each  case  must  be  reduced  to  equivalent  single- 
phase  amperes  by  multiplying  by  the  square  root  of 
three  for  three-phase  and  by  two  for  two-phase  be- 
fore being  used  in  formulje  for  the  diagram  itself. 


No  Load 

440 

16 

27.7 
1.14 
9.35 


SvMBoi,                            SvMBoi,  Locked 

E               ^■olts                 E  440 

Amperes  per  tenninal  436 

Equivalent  Single- Phase 

/„                Amps.                7^  756 

»;               Kw                  W,  173 

Cos  0„            P.  F.          Cos  !P^  52 


Additional  data  necessary  for  the  construction  of 
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the  diagram  is  determined  from  the  following  form- 
ulje: 


ff,= 


Res.  between  Tenninalsat25'' CXI. 135 


0.1!)7i.hmsX  1.135    .,,,.    , 

,) =0.11 18  ohms 

T,„   .  _2(^oX7?,)     27.7X0.1118X2    ,^-,,, 
Tan.  e  = j,     -= ^^^ =0.0141 


-Y. 

Cotau  (p 


^  ^Ey/  1— Cos=<p^  _  MO/  1— 0.52' 


=0.4117 


X  ~  756 

A-,  rX  =  5Xm7=''"5  °--  22-0  percent 


For  motors  under  five  horsepower  or  other  mo- 
tors where  the  copper  loss  at  no  load  is  a  large  part 
of  the  total  loss  at  that  load  some  slight  modification 
of  the  above  formuL-e  are  necessary,  as  will  be  ex- 
plained later. 

Referring  to  Fig.  4.  the  construction  is  as  fol- 
lows: 


scale  is  used  in  measuring  all  current  values  on  the 
diagram.  Now  join  Co  and  C ,,  extending  the  line  to 
cut  the  base  line,  determining  point  E,  which  will  be 
used  a  little  later  in  connection  with  efiiciency. 

On  a  line  drawn  through  Co  parallel  to  the  base 
line,  lay  olt  100  units  from  Co  to  as  large  a  scale  as 
possible.  (Fifty  units  on  the  60  scale  of  the  engineers' 
rule  will  usually  be  found  most  convenient. )  To  this 
same  scale  at  the  loo-point  lay  off  the  value  of 
tan  e  at  right  angles,  and  join  the  points  thus  de- 
termined to  Co-  The  intersection  of  this  line  with 
a  line  drawn  perpendicular  to  line  Co  C^  at  its  middle 
point  detemiines  the  center  of  the  current  circle.  Draw 
in  this  circle,  being  careful  that  it  passes  accurately 
through  points  Co  and  Cl.  At  point  C„  erect  a  per- 
pendicular to  the  tangent  line  Co  T,  extending  it  indefi- 
nitely to  some  point,  as  D ;  parallel  to  this  line  Co  D 
draw  another  line  through  point  E  extending  it  indefi- 


Fin.    4 — THF    C 

For  a  scale  of  percent  efficiency  and  percent  slip 

Assume  a  base  line  AB.  With  A  as  a  center  and 
a  radius  100  units  long  draw  a  quadrant  of  a  circle 
as  indicated.  This  is  the  power-factor  circle,  power- 
factor  being  read  directly  on  the  scale  to  the  left  of 
the  sheet.  On  this  circle  lay  off  the  no-load  and  locked 
power-factors,  9.35  percent  and  52  percent  re- 
spectively, determining  P^.  < 'n  the  lines  joining 
these  points  to  the  center  of  the  power-factor  circle 
A  lay  oft'  from  A  to  any  convenient  scale  the  no-load 
and  locked  amperes  27.7  and  756  on  their  respective 
lines  determining  points  C„  and  C^  respectively.  The 
scale  used  should  be  so  selected  as  to  give  as  large  a 
diagram  as  possible,  this  being  detemiined  by  the 
location  of  the  locked-ampere  point.  In  this  case  the 
forty  scale  of  the  engineers'  rule  is  used,  twenty  am- 
peres being  equal  to  one  division  on  that  scale.     This 


IRCrF    nlAGR.\M 

,  divide  the  values  en  the  scale  of  amperes  by  four, 
nitely  to  some  point,  as  A.'.  These  are  reference  lines 
for  the  slip  and  efficiency  respectively.  At  the  point 
where  the  power-factor  circle  cuts  the  base  line,  to 
the  same  scale  as  the  power-factor  and  perpendicular 
to  the  base  line  lay-off  contan  * .  Determine  where  a 
line  drawn  from  A  tlirough  this  point  will  cut  tlie 
current  circle  and  from  the  poiiit  of  intersection  draw 
a  line  back  to  Co-  The  percent  slip  is  measured  on  a 
line  100  units  long  to  any  convenient  scale  drawn  par- 
allel to  this  cotangent  line  between  lines  Co  D  and 
C„  C  i_.  on  another  line  100  units  long,  preferably  to 
the  same  scale  as  the  slip  line,  drawn  between  £  K 
and  Co  Cl  parallel  to  the  base  line,  the  percent  effi- 
ciency is  measured.  These  lines  must  be  located  by 
trial,  sliding  the  scale  along  parallel  to  the  proper  line 
until  the  correct  distance  is  located.    The  twentv  scale 
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of  the  engineers'  rule  is  the  best  to  use  in  ordinary 
cases. 

The  diagram  is  now  ready  to  be  used  for  deter- 
mining the  performance  at  any  load  desired.  It  is  the 
practice  to  determine  at  first  only  the  normal  load 
values,  except  where  guarantees  are  made  at  frac- 
tional loads,  when  these  also  are  to  be  calculated. 

To  determine  the  values  for  full  load,  calculate 
the  amperes  corresponding  to  the  rated  horse-power 
on  the  basis  of  loo  percent  power-factor  and  loo  per- 
cent efficiency.  Lay  ofif  these  amperes  on  the  line  E  K, 
using  the  same  scale  as  previously  used  for  the  no- 
load  and  locked  curremts.  A  line  throug'h  this  point 
drawn  parallel  to  the  locked  current  line  Co  C^  cutting 
the  current  circle  determines  the  nomial  current  point, 
and  the  actual  value  is  determined  by  measuring  the 
distance  from  the  point  back  to  point  A  to  the  same 
current  scale  as  before.  The  point  of  intersection 
with  the  power-factor  circle  of  a  line  drawn  from  A 
through  the  normal  load  current  point  determines  the 
power- factor  and  it  is  read  directly  from  the  scale  to 
the  left.  The  effioiency  is  determined  by  the  iiMersec- 
tion  of  a  line  drawn  from  E  through  the  current  point 
with  the  efficiency  line.  The  value  of  efficiency  is  the 
percentage  of  the  efficiency  line  between  this  inter- 
section and  the  Co  C  l  line.  In  like  manner  a  line  from 
Co  through  the  same  point  cutting  the  slip  line  de- 
termines the  slip.  The  actual  value  of  the  slip  is  that 
percent  of  the  slip  line  between  the  line  Co  D  and  the 
above  point  of  intersection. 

Having  determined  the  et^ciency,  power-factor 
and  slip  for  a  given  load  or  brake  horse-power,  the 
real  horse-power,  apparent  horse-power  and  corre- 
sponding current  may  be  readily  calculated ;  also  the 
torque  in  foat-pounds  for  that  particular  load  by  the 
following  formulas : 


„     ,  .  Brake  h  p  _  .      Apparent  h  p  X  746 

Real  h  p  =  — «  i^o:  ■  Current  = -^- / 

*^  %  Efficiency  e.  m.  f. 

Brake  h  p  X  5250 
Torque  = '^^ 


,  .  .  Real  h  p 

Apparent  h  p  =  ^Yo^^V^^r 


Speed 

Speed=Synch.  vSpeed  —  (Synch.  SpeedX%  Slip)  or 
Frequency  X(100-%  Slip) 
No.  of  Poles 

The  ratio  of  the  full-load  torque  to  the  starting 
torque  and  maximum  torque  are  also  determined  from 
the  diagram.  Draw  lines  perpendicular  to  cotan- 
gent line  Co  jV  at  the  normal  load  current  point  and 
at  point  C  also  one  passing  through  the  center  of  the 
current  circle  extending  it  to  cut  that  circle.  The  por- 
tion of  these  lines  between  the  cotangent  line  and 
the  current  circle  are  proportional  to  the  full-load, 
the  starting,  and  the  ma.ximum  torque  respectively. 
The  actual  ratio  ds  determined  by  dividing  the  length 
of  the  starting  torque  and  the  maximum  torque  lines 
by  the  full-load  torque  line.  These  are  measured  to 
any  convenient  scale  but  preferably  to  that  of  the  ef- 
ficiency and  slip.  The  values  in  foot-pounds  may 
readily  be  obtained  by  multiplying  the  full-load  torque 
already  determined  by  the  ratio  for  that  value  desired. 
The  starting  current  necessary  to  give  full-load  torque 


in  any  case  varies  inversely  as  the  starling  torque,  and 

is  equal  to  the  locked  current  divided  by  the  ratio  of 

the  starting  torque  to  the  full-load  torque. 

After  once  obtaining  the  various  values  for  full 

load  it  will  be  evident  how  the  values  for  any  other 

load  may  be  determiined.     The  complete  results  may 

be  tabulated  as  in  Table  III  and  curves  as  per  Fig.  5 

plotted  from  the  data.    If  the  measurements  from  the 

TABLE   III— PERFORM.WCE   DATA   FROM 
DIAGRAM 


Percent  Load 

0 

25 

50 

75     1    100 

125       150 

Amperes— total 
Percent  power-factor 
rereent  elTiclciicy 
I'erceut  slip 

27.7 
9.35 
0 
0 

37.0  '   M.8 

6C.2      85.0 

86  S      90.fi 

1.2        2.4 

1 

76.8    101.0 

90.4      93.2 

91.0      90.2 

3.5        4.6 

126  8    155.0 
94.0      94.5 
88.9      87.6 
5.8       7.1  : 

1           1 

VALUES  CALCULATED  FROM  ABOVE  DATA 

Amperes  per  terminal 
Brake  horse-power 
R.  P.  M. 
Torque— Ihs-ft. 

16 

0 

500 

0 

213 
12.5 

494 

134 

31.6  1   44.S     58.2  !   73.0 
24.9  1   37.2      50.0  !    62.5 

488      1 482       477       471 
258     |405       550       698 

89.S 
76.7 
464 

856 

diagram  are  carefully  taken  and  the  calculations  accu- 
rately performed  all  the  points  must  lie  on  the  smooth 
curves;  these  cur\es  checking  with  each  other  at  all 
I)oinits. 

In  addition  to  the  data  in  Table  III,  the  follow- 
ing ratios  complete  the  perfonnance  information  for 
the  motor: 

Ratio,  #f;"«,'°^3'^  =2.78 
'  I-uU-load  torque 

„     .      maximum  torque 
Ratio,    ,.  ,,  ,      ,  .      ^      =3.89 
'     tull-load  torque 

.       starting  amperes 

'   full-load  amperes  ' 


locked  amperes 


'  starting  torque  ratio  ;<  full-loadamp. 

~2.78  X  101 -''•'''' 
The  amperes  as  determined  above  are  for  the  condition  that 
the  motor  is  starting  at  full  load  torque. 

It  is  always  best  to  check  the  efficiency  as  ob- 
tained from  the  circle  diagram  by  the  separate  los6 
method.  The  efficiency  by  separate  losses  should  check 
within  half  of  one  percent  of  the  diagram  value.  If 
the  discrepancy  is  materially  more  than  that,  some 
error  in  calculation  or  construction  has  been  made  and 
should  be  corrected  before  tabulating  results. 

Below  are  the  necessary  formulae  for  calculating 
this  efliciency ;  fulUload  current  and  the  percent  slip 
are  taken  as  derived  from  the  diagram.  However. 
if  the  actual  efficiency  by  losses  on  the  motor  itself  is 
desired  instead  of  only  a  check  on  the  diagram  results, 
the  actual  slip  should  be  determined  by  test  and  used 
in  the  formulae  instead  of  the  diagram  value. 

The  following  calculations  are  for  full  load. 
Constant  Losses 

Friction,  vpindage,  and  iron  losses  \V„ — 7,'^  B}  = 

1140— C^T.T-  X  0.1118)  =  1054  watts 

Variable  Losses 
Primary  copper  loss  =  (F.  L.  .-Vnips.)-  (diagram) 

X  R;  =  101=  X  0.1118  =  1140 

Rated  hp  XJ746 


100  —  %  Slip 


1800 


Secondary  copper  loss  =  ^j^ifT—  «^Slfn  "  ^  S1ip= 

50  X  746 

100—4.6 

Output  in  kw  =  Rated  hp  X  74(i  =  50  X  746  =  37300 
Input  in  kw  =  Sum  of  above  four  values  =  ...  41294 


'  X  4.6  = 


Efficiency  = 


kw  output 
kw  input 


41294    •'"^^'' 
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In  the  above  formulae  the  amperes  used  are  the 
equivalent  single-phase  or  total  amperes.  If  it  is  de- 
sired to  calculate  the  efficiency,  using  amperes  per 
terminal,  the  first  two  formulae  become: 

Friction  and  windage "o— ?  h^  R 

Primary  copper  loss |  7^kl  li 

Where  /„     =  Amperes  per  terminal — no  load. 

7^   =  Amperes  per  terminal — normal  load. 

li    =  Resistance  between  terminals  at  60  degrees  C 

As  previously  noted  for  motors  under  five  horse- 
power and  in  some  cases  of  larger  sizes,  where  the 
copper  loss  at  no  load  is  a  considerable  portion  of 
the  total  no-load  losses,  some  modification  must  be 
made  in  the  construction  of  the  diagram. 

In  addition  to  the  ordinary  no-load  power-factor, 
(cos4>  )  as  found  by  the  formula 

N. j^Watts fj^g  power-factor   (cos*'    ) 

N.  L.  amperes  X  volts  " 

that  would  result  if  there  were  no  copper  loss  is  also 
ascertained,  the  formulae  becoming 

N.  L.  watts— (N.  L.  amps.=  X  i?,) 
N.  L.  amperes  X  volts 

The  formula  for  the  tangent  line  is  also  changed 
to  account  for  the  excessive  induction  in  such  cases, 
becoming 
No-load  amperes  X  [(A',  4-X,)  Cos!P^+   /?,] 
Normal  e.  m.  f. 

In  the  construction  of  the  diagram  both  cos  0^ 
and  cos  0'  are  laid  off  on  the  power-factor  circle 
and  connected  to  the  point  A,  the  same  no-load  am- 
peres being  laid  off  on  each. 

The  line  C„  C^  is  drawn  through  the  no-load  point 
on  the  cos  0  line  as  usual.  However,  all  other  lines 
through  the  no-load  point,  that  is  the  tangent,  the 
cotangent  and  the  slip  are  drawn  from  the  no-load 
point  located  on  the  cos  41'  line. 

In  any  case  where  the  values  for  cos  0^^  and 
cos  0'  do  not  differ  more  than  two  percent,  it  is 
not  nece.ssary  Vo  make  any  modification  and  the  dia- 
gram should  be  constructed  according  to  the  standard 
method. 

THE    PRONV   BRAKE    METHOD 

The  prony  brake  method  of  determining  the  per- 
formance of  a  motor  is  well  known.  This  method  is 
inherently  subject  to  great  inaccuracies  and  only  by 
the  very  careful  use  of  first-class  apparatus  can  con- 
sistent results  be  obtained.  For  commercial  work  the 
difficulty  of  obtaining  close  regulation  and  of  properly 
dissipating  the  heat  generated  prohibit  its  use  except  in 
the  smaller  size  motors,  from  approximately  75  horse- 
power down.  Even  in  these  cases  it  is  only  used  ordi- 
narily as  a  check  on  loss  metliods,  a  nonnaJ  load  read- 
ing only  being  taken.  However,  in  cases  of  small 
high-torque  machines,  small  single-phase  or  ven,-  small 
polyphase  motors,  the  brake  test  seems  to  give  even 
more  reliable  results  than  >the  loss  methods.* 


In  the  use  of  the  brake  care  must  be  taken  that 
the  pulley  is  well  balanced,  that  the  brake  arm  rides 
freely  and  without  excessive  vibration,  that  the  water 
disposing  devices  are  so  placed  as  not  to  consume  any 
energy.  The  length  of  the  arm  and  the  tare  of  the 
brake  enter  directly  into  the  results  and  should  be 
determined  accurately  before  each  test,  the  tare  being 
determined  by  balancing  the  brake  on  a  kndfe  edge, 
the  fulcrum  being  a  line  parallel  with  the  shaft,  ver- 
tically above  the  center  of  the  pulley  when  the  brake 
beam  is  held  horizontal.  Care  should  be  taken  that 
all  accessories  used  on  the  brake  during  the  test  are 
in  place  when  taking  the  tare;  also  that  any  blocks 
placed  on  the  scales  are  properly  allowed  for.  The 
length  of  the  arm  should  be  measured  along  the  center 


*For  a  description  of  the  use  of  the  prony  brake,  see 
the  Journal,  Vol.  I,  p.  420.  Vol.  Ill,  p.  saj.  Vol.  IV,  p.  118, 
Vol.  IX.  p.  577. 


FIG.     5 — PERFORM.\N'CE    CURNTS     PLOTTED     FROM     D.\TA    OBT.MNEB 
FROM    THE    CIRCLE    DI.^GRAM 

of  the  arm  from  the  center  of  the  supporting  pin  at 
the  end  of  tlie  arm  to  the  vertical  line  above  mentioned 
through  the  center  of  the  brake  pulley. 

In  making  the  actual  test,  the  motor  is  connected 
as  in  die  running  saturation  test,  all  transformers  and 
plant  cormections  checked  carefully,  and  the  proper 
meters  installed.  A  low  voltage  is  first  impressed  on 
the  motor  sufficient  to  determine  whether  the  brake 
has  been  placed  on  the  motor  to  correspond  with  its 
direction  of  rotation.  If  correct,  the  voltage  is  brought 
up  to  normal  and  the  operation  of  the  brake  carefully 
obsened.  Note  that  while  holding  any  given  load 
there  should  be  no  adjustments  made  of  the  cooling 
water;  great  care  being  also  taken  that  the  operator 
bears  no  weight  on  the  hand  wheel. 

If  only  a  clieck  on  the  performance  as  determined 
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by  the  diagram  method  is  desired,  a  full-load  reading 
only  is  taken.  The  weight  to  be  put  on  the  brake  beam 
for  this  reading  is  usually  calculated  on  the  basis  of 
five  percent  slip  but  should  be  modified  if  more  defi- 
nite information  is  at  hand : 

Let  A  =  tare  in  pounds  L  =  length  of  arm  in  feet 

R.p.m.  =  rev.  per  minute.      W=  reading  of  scale  in  pounds. 

„.  .  {W  — A)  X  L  Xr.p.m.  X  2r  (W— A)  LXr.p.m. 
Thenhp  = .^^    —-  =  .=i._,.:5^J 

The  estimated  speed  on  the  basis  of  five  percent  slip 
will  be  synchronous  speed  minus  0.05  X  synchronous 
speed.    Then  the  weight  to  put  on  tiie  scales  will  be 


Hp  X  52.50 


-l-A 


^\   —  Estimated  r.p.m.X  L 

With  the  brake  adjusted  to  balance  this  estimated 
weight  simultaneous  readings  of  the  motor  speed  and 
frequency  of  the  supply  circuit  are  taken  and  the  true 
slip  calculated. 

Synchronous — actual  speed 
Percent  slip  = Synchronous  speed  ' 

The  above  speeds  must  be  taken  very  accurately  as 
on  them  depend  the  calculation  of  the  losses  in  the 
rotor,  a  comparatively  small  error  having  a  consid- 
erable effect  on  the  final  result.  If  a  good  watch  is 
used  fairly  accurate  readings  may  be  obtained  with 
the  speed  counter  but  stroboscopic*  methods  of  meas- 
uring the  slip  in  r.p.m.  direct  are  always  to  be  pre- 
ferred. 

With  this  true  slip  the  weight  is  again  calculated 
and  the  proper  changes  made.     Simultaheous  readings 


TABLE  IV— BRAKE 

TEST— FULL-LOAD. 

Volts 

Amperes 

Watts 

R.P.M. 

Pounds 

440                59-58-57 
440               58-58-60.8 

41tl>0 
41700 

474 
475 

222 
222 

L=2.5  feet,  Tare=l  pound. 

are  now  taken  of  current  and  watts  in  addition  to  the 
speed  of  the  motor  and  the  frequency  of  the  circuit, 
the  voltage  being  held  constant  at  its  normal  value 
throughout  the  reading.  This  reading  should  be  re- 
corded as  indicated  in  Table  \Y : 


Then 


Volts  X  Amps. 
746 

Watls       „     ,  , 
""746  ^  ■^^''^  '^P 


=  apparent  bp 

(The  true  hp  input  into  machine) 


o^>50 —     — ^  ^  brake  hp     (True  output  from  machine ) 

■ptf,  ■  —  hp  output  _  Brake  hp  _  (W — A)  L  X  r.p.m. 

iilticiency  —  h^T^I^  —   Rearhp  "  Watts  X  7.0-5 

,,  .    ^  Real  hp  Watts 

Power-factor  =  -v f^r--  =  vn-n — z^—x 

Apparent  hp       \  olts  X  A.mps, 

\\'herever    possible    readings    of    maximum    and 
starting  torque  are  also  taken  by  brake.     The  maxi- 


mum torque  or  pull-out  as  it  is  commonly  termed 
should  be  taken  at  normal  voltage  if  possible.  The 
load  on  the  motor  is  brought  up  gradually  by  means 
of  the  brake  until  the  pull-out  point  is  reached,  the 
scales  being  kept  as  nearly  as  possible  in  balance  in 
the  meantime  by  rapidly  adjusting  the  weights  on  the 
scale  beam.  The  weight  on  the  beam  at  the  instant 
of  pull-out  as  indicated  by  the  sudden  change  in  noteof 
the  motor,  i.  e.,  the  ma.ximum  weight  under  which  the 
motor  will  maintain  its  speed,  is  the  pull-out.  If  it 
is  not  possible  to  take  the  pull-out  at  normal  voltage 
it  may  I)e  taken  at  a  lower  voltage,  and  the  full  voltage 
value  calculated  on  the  basis  that  the  torque  in  pounds 
feet  increases  as  the  square  of  the  voltage.  At  least 
two  readings  at  different  voltages  should  be  taken. 

The  starting  or  locked  torque  should  be  taken 
over  a  considerable  range  of  voltage,  taking  readings 
at  as  high  a  -voltage  as  the  heating  of  the  motor  will 
permit.  In  taking  the  reading,  the  rotor  is  locked  by 
means  of  the  brake,  the  arm  of  which  rests  on  the 
scales  in  the  usual  way.  The  voltage  sihould  be  brought 
up  to  the  desired  value  as  rapidly  as  possible ;  the 
weight  on  the  scales  being  adjusted  at  the  same  time 


TABLE  V 

—STARTING  AND  PULL-OUT  TORQUES. 

Volts 

Lbs- 

-Ft.  Torque  i  Lbs  —Ft.  Calculated  to  440  V. 

STARTING  TORQUE 

260 
244 
220 
180 

512                                      1500 
440                                      1435 
342                                         1368 
220                                      1315 

PULL-OUT  TORQUE 

260 
220 

671                                      1925 
480                                         1920 

1 

*See  article  by  C.  W.  Kincaid,  in  the  Journal  for  Julv, 
13.  p.  699. 


L=2.ol  feet,  Tare=l  pound. 

so  that  a  balance  may  be  reached  witjiout  a  delay  as 
soon  as  the  voltage  is  set.  The  power  should  then  be 
cut  off  at  once  so  as  not  to  heat  the  motor  more  than 
is  necessary.  The  normal  voltage  value  of  die  start- 
ing torque  -s  calculated  in  the  same  manner  as  stated 
above  for  the  pull-out  or  maximum  torque.  A  record 
of  the  results  of  such  a  test  on  the  same  motor  for 
which  the  circle  diagram  was  constructed  is  given  in 
Table  \". 

^^'hen  the  starting  torque  values  as  calctilated  for 
n<jrnial  voltage  from  the  different  readings  vary,  a 
cur\e  should  be  plotted  and  the  normal  voltage  value 
determined  by  a  logical  extension  of  the  curve.  The 
dotted  portions  of  the  curve  in  Fig.  3  indicate  the 
result  in  this  case. 

This  completes  the  brake  test  and  the  results  are 
summarized  as  follows: 

Amperes 102.1  Full-load  torque  in  lbs.  ft 552 

Real  hp 55.9  Starting  torque  in  lbs.  ft 1600 

R.p.m 475  Maximum  torque  in  lbs.  ft   ....1925 
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From  these  values  the  following  data  can  be  cal- 
culated : 


Ratio 


Brake  Up "lO 

Percent  slip 5 

fiill-l<>a<l  torque 


starting   torque 
Ratio 


I'ercent  efificieucy x9.r> 

Percent  power-factor 915 

maximum  torque  _  ,  . 
-^  full-load  torque    '^      ' 


2.9  X  102.1 


X  2..irt 


full-load  amps 

For  convenience  the  results  of  the  test  by  brake 
and  by  circle  diagram  are  tabulated  in  Taljle  \"1  for 
comparison. 

The  values  by  test  and  diagram  should  check  rea- 
sonably closely.  If  they  differ  more  than  two  percent 
in  etticiency  or  power-factor  or  more  than  one  percent 
in  slip,  the  test  data  for  either  the  diagram  or  brake 
test  should  be  checked.  It  is  sometimes  very  difficult 
to  determine  just  which  one  is  in  error  but  a  careful 
inspection  and  a  lining  up  of  results  will  usually  indi- 
cate which  data  to  check  first.  It  is  usually  consid- 
that  the  results  which  give  most  nearly  the  real  per- 
formance of  the  motor  are:  efticiency  by  losses; 
ixnvcr-factor  by  the  diagram;  torques  by  brake  test. 

If  a  complete  brake  test  is  required,  readings  are 


taken  in  the  same  manner  as  described  for  full  load, 

from  no  load  to  50  percent  overload,  about  six  points 

l)eing  taken,  the  brake  horse-power,  the  amperes  per 

terminal  input,  and  speed  being  plotted  as  ordinates 

against  torque  in  pounds  feet  as  abscissa.     The  ef- 

TABLE  VI— COMP.\RISON  OF  RESULTS  BY  CIR- 
CLE DIAGR.VM  AND   BY   BRAKE  TEST 


Full  Load  of  Values 

Circle 
niagram 

Brake 
Test     i 

Volts 

440 

440 

.Amperes 

101 

102.1 

Percent  power-factor 

»J3.2 

93 

Real  horse-power 

55  5 

55.9 

Percent  efficiency 

90.2 

89.5 

Brake  horse-power 

50 

.50 

Percent  s'ip 

4.G 

•■> 

R.  p.  m. 

477 

475 

Full-load  torque 

550 

5.52 

Starting  torque-^  r.  L.  T. 

2.7.S 

2.9 

Maximum  torque -:-K.  L.  T. 

3.89 

3.5 

Staiting  amperes  -j-  full-load  amps. 

2.C9 

2.56 

ficiency  and  power-factor  curves  are  then  calculated 
from  the  smooth  curves  as  obtained  above  and  not 
from  eadi  individual  reading.  The  percent  slip  is  also 
detennined  in  the  same  manner. 

{To  be  continued) 


The  Journal  Question  Box 

Our  subscribers  are  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  dcctricaj  and  mechanical  subjects. 
The  topics  should  l}e  of  general  interest;  information  involving  the  specific  design  of  individual  pieces  of  apparatus  cannot  be  supplied.  Care 
should  be  used  to  include  all  data  necessary  for  an  intelligent  answer. 

A  personal  reply  is  mailed  to  each  questioner  as  soon  as  the  necessary  information  can  be  secured,  providing  a  self-addreaaed,  stamped 
envelope  accompanies  the  query.  As  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reasonable  length  of  tinia 
should  be  allowed  before  expecting  an  answer. 


1026 — Cost  of  Transmission  Con- 
struction— CiiuUl  you  give  the  cost 
per  loot  of  running  a  circuit  for 
house  lighting,  in  ducts  underground 
and  on  poles?  The  transmission  is 
alternating  current  at  2  200  volts,  60 
cycles.  I  want  to  find  out  the  differ- 
ence in  running  tlie  line  in  the  street 
Iiy  these  two  methods,  including  the 
total  cost  of  material,  labor,  etc.,  in 
each   case.  p.  c.  (rhoue  island) 

The  cost  of  constructing  an  under- 
ground duct  line  varies  according  to  the 
nature  of  the  soil,  the  kind  of  paving, 
the  depth  at  which  duels  must  be  laid 
to  conform  to  municipal  requirements 
and  the  obstructions  which  are  encoun- 
tered in  the  streets.  The  size  of  a  duct 
line  necessary  for  residential  districts 
would  be  about  four  ducts.  However, 
should  there  be  a  possibility  of  later  on 
using  the  street  as  a  transmission 
artery,  an  eight  duct  subway  would  be 
more  apt  to  suit  the  conditions.  The 
difference  in  the  cost  between  the  two 
subways  lies  in  the  extra  cost  of  ducts 
and  concrete  and  the  labor  of  laying 
the  ducts,  excavation  remaining  the 
same.  Manholes  should  be  located 
about  300  feet  apart  with  junction 
boxes  at  intervals  of  100  feet;  the  junc- 
tion boxes  being  used  for  the  purposes 
of  distribution.  Manholes  for  ordinary 
distribution  work  can  be  constructed 
for  about  $150 — junction  boxes  will 
cost  $75,     The    following  are   itemized 


statements  of  the  costs  of  four  and 
eight  duct  subways,  laid  six  feet  below 
the  surface : 

FOUR  DUCT  .SUBWAY. 

Excavating tl.Ou  per  foot 

Cost  of  ducts 0.20    "     '• 

Labor  of  laying  ducts 0.50    " 

Repavinir  chaige 0,33     '     " 

One  n>aiiliole  mid  two  j-jncrion 
boxes  to  every  303  ft.  ol  eubwav, 
S300.00or 1.00    ••     ■■ 

Total  cost  of  subway  per  lineal  loot    3  03  "  " 
EIGHT  DUCT  SUBW.\Y. 

Excavation 81.00  per  foot 

t:ost  of  duets 40  "  " 

Labor  of  liylng  ducts ,65  "  " 

Ke  paving  eharge 33  "       ' 

One  manhole  and  two  junction 
boxes  to   every   300    ft,  of   duct 

line,  S300.00  or 1,00  "  " 

Total  C06t  of  subway  per  lineal  ft,    3  3."<    "     " 

To  this  there  should  be  added  the 
cost  of  underground  cable  and  installa- 
tion of  same,  .\  No.  6  duplex,  var- 
nished cambric  2200  volt  cable  will  .av- 
erage about  32  cents  per  foot  installed 
and  jointed. 

COST  OF  OVERHEAD  CONSTRUCTION 

3^  foot  pole J  "SO 

Cross  arm 1.00 

Insulators  and  pins 30 

Labor  and  hauling 6.(^0 

Total  for  pole  set 15-60 

No.  6  weather  proof  wire  will  cost 
$14,40  per  I  oco  ft.  (copper  at  18  cents 
per  lb,),  and  will  cost  $8,00  per  1000 
feet  to  string.     The  cost  of   i  000  feet 


of  overhead  line  with  poles  set  every 
100  feet  would  be  $194,80  or  19.48  cents 
per  foot, 

SUMMARY 

Four  Duct  Subwav  and  Cable.,,  S3,35  per  ft.  lineal 

Eight '    .„    3.70 

Overhead  Construction 0.195  ••   "      " 

w  A.  K. 

1027 — Power  to  Accelerate  Motor — I 
have  a  three  hp,  100  volt,  i  200  r.p.m,, 
direct-current  motor,  belted  to  two 
emery  wheels,  12  inches  in  diame-er, 
two  and  one-half  inches  face.  Weight 
of  wheels  and  one  and  one-half  inch 
shaft  70  lbs.  How  many  hp  would  it 
take  to  bring  this  mass  up  to  a  speed 
of  1 200  r.p.m,,  in  three  seconds? 
Please  give  the  formula  and  explain 
in  the  full  method  of  figuring  such  ap- 
plications. The  diameter  of  the 
motor  pulley  and  wheel  pulley  aie 
both  S  inches,  e.  \v.  r.  (ill.) 

The   calculations   are   as   follows,   as- 
suming the  values  marked*  : — 

—  3^  w  « 

if  ■  = "  E  = 

5.S        =>.  SZ 

Sj  S.-C  So 

Armature 6.i»  0.192'  2.40 

2-.-iin.  pullevs 10,»  0.15*  0,« 

Belt. 1.5  0.21  0.06 

■J— Emery  wheels  and  shaft..  70.*  0.35.5*  9.S0 

Total  moment  of  Inertia  (about  arm- 
ature axis) 11.4* 

1— .\cce\eration  Torque— Time  (seconds)  to  «c 


lo8 


^derate  to  a  given  speed  (r.p.m.)  is  given  l)y  fol- 
lowlnK  formula: 

r.p.m.    ,  Moment  of  Inertia, 
Seconds  =      .,g7    >' Accelerating  Torque 

32.16  y  I'-O 
In  which  307=       |j  _ 
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Then  3  = 


1200 


11.48 


307  '^  Accelerating  Torque. 


1200    11.48  _,,„,. 
Accelerating  Tor<iue  =  357  X-^     -isiu^. 

2-Friction  Torque  of  Emery  Wheels  and  Total 

Two'bearinKs  (1.5  in.  shaft  diameter)  Friction 
Torque  ^  1.00*  lbs.  , 

Total  Torque  (during  acceleratiuR  period)  = 
15  r  1  ==  10  lbs, 

3— Motor  Output  (end  of  accelerating  perioii)— 
l(i  X  1200 


np  = 


52.i0 


=  3.Rr, 


4— Total  Watts  Input- 
Rheostat  and  motor  during  accelerating  iieriod 
Jwith  motor  elTicii.'ncy=80  per  cent.)* 
3,6.'>  ■  746    „,^, 
Watts  Input  =     y^u     -  3100. 

^-AveraEecurreutrequlredduringaccelerating 
period  at  a  line  voltage  of  llOu  volts-  34  amperes. 

These   calculations   are  based  on  the 
assumption    of    a    constant   or    straight 
line  acceleration  curve  from  o  to  i  200 
rpm     The  actual  acceleration  curve  is 
steeper  at  start  and  then  curves  gradu- 
ally   to    a    horizontal    line;    hence    the 
initial   current   will   exceed   34   amperes 
by   an    amount   practically   proportnnal 
to  the  increase  of  steepness  of  the  mi- 
tial   acceleration   curve,   if   the   rheostat 
resistance  is  correctly  proportioned  and 
the  rate  of  cutting  it  out  is  uniform.     It 
this  is  not  the  case,  the  current  for  part 
of  the  three  seconds  might  greatly  ex- 
ceed  the   values   calculated   above,   cor- 
responding to  an  effort  to  accelerate  at 
a  higher  rate  than  400  r.p.m.  Per  -econd 
See   article    on    "Relation    of    Flywheel 
and    Motor    Capacity"    in   the    Journal 
for  March,  1912,  P-  270.  i- O- 

J028— Inductive  Kick  of  Motor  Field 
—The  field  coil  of  a  motor  takes  0.58 
amperes  at  115  volts.  It  is  connected 
with  an  ammeter  having  a  oiie  am- 
pere scale  in  circuit  and  a  voltmeter 
having  a  iSO  volt  scale  across  the  ter- 
minals, the  switch  is  opened  so 
quickly  that  practically  none  of  the 
electromagnetic  energy  of  the  tield  is 
dissipated  in  the  break.  What  will 
the  ammeter  read  the  instant  after 
the  switch  is  opened?  What  will  be 
the  voltage  across  the  voltmeter  at 
this  instant?     Will  either  instrument 


FIG.  1028  (a) 


be  deflected  in  the  reverse  direction? 
What  is  the  highest  resistance  that 
should  be  connected  across  the  field 
so  that  the  potential  across  it  cannot 
possibly  exceed  150  volts  when  the 
switch  is  opened?  T. r.  (mass.) 

The  general  equation  of  the  jurrent 
in  a  circuit  containing  resistances  and 
self-induction,  and  from  which  a  con- 
stant potential  E  has  been  removed  is 


»= 


5=,-^        where  »  is   the  current   at 

any   time  after  the   removal   of  E,  R 
is  the  total  resistance  of  the  circuit,  L 


the  coefficient  of  self-induction  and  J 
is    the    base    of    Napcrian    logarithms. 
This    is    practically    the    condition    we 
have    when    the    field    current    is    dis- 
charged through  a  resistance.     .Kssiime 
that    in     this    case    the     current    (lows 
through  the  field  and  discharge  resist- 
ance in  direction  from  A  io  B.       U  will 
be  seen  from  the  current  equation  tliat 
at   zero   time,   or   the   instant   after   the 
break,  the  variable  current  1  is  equal  to 
the    constant    current    /.      The    voltage 
across    any    non-inductive    part    of    the 
circuit    of    resistance    r    is,    of    course, 
equal  to  ri.    When  the  switch  is  opened, 
an  e  m.f   will  be  set  up  in  the  field  coils 
which    tends    to    maintain    the    current, 
and  hence  its  direction  across  the  dis- 
charge resistance  will  be  from  B  to  .1 
and    the    voltmeter    will    be    reversed, 
while  the   ammeter   is   not.     The  value 
of  this  current  at  the  instant  the  circuit 
is  broken  is  0.58  amperes,  and  to  keep 
the  terminal  voltage  from  rising    ibove 
ISO   volts    the   maximum    resistance    ot 
the    discharge    circuit    should    be    2oK 
ohms      The   removal   of   the   discharge 
resistance    is    equivalent    to   introduc.n.g 
an  infinite  resistance  in  its  place,  and  it 
it  were  possible  to  open  the   switch   so 
quickly  that  none  of  the  energy  stored 
in  the  field  would  be  dissipated  in  the 
break,  the  voltage  across  the  termmah 
would    rise    to    infinity.      The    current 
equation   at   zero   time   would   then   te 

i_/f  — '^"'^  in  which  the  exponent 
is  intermediate.  For  any  finite  value 
of  t  however,  the  exponent  would  be- 
come infinite,  and  i  would  be  zero. 
That  means  that  the  current  would  in- 
stantly fall  to  zero,  and  the  rate  of 
change  of  flux  would  be  infinite.  With 
a  discharge  resistance  in  the  circuit  the 
ammeter  ^would  read  0.58  amperes  the 
instant  after  the  break.  With  no  re- 
'sistance  in  the  circuit,  the  current  wd 
immediately  fall  to  zero,  when  the 
sS  is  opened,  and  the  vo  tage  gen- 
erated will  depend  on  the  quickness  of 
the  break,  the  arc  drawn,  etc.  It  should 
be  noted  that  i"  .P"<^tice  it  would  be 
imoossible  to  obtain  an  infinite  voltage, 
no  r^atter  how  quickly  the  switch  is 
opened.  Even  if  no  energy  is  d,si- 
pated  in  an  arc  or  a  ^P^jl^fl, ^^^^^/.^t 
switch,  the  rapid  change  of  flux  will  set 
up  secondary  currents  m  the  core  aiid 
coooer  and  the  stored  enegry  will  be 
d°ss^pated  That  the  induced  voltage 
^'ay 'each  very  high  values,  however  i 
shown  by  the  fact  that  when  a  fi?W  cir 
cu°t  of  even  moderate  capacity  is  snA- 
denly  broken,  the  insulation  will  orten 
be  found  to  have  been  punctured. 

K.  L..  H. 

1029-Car  Speed  at  Different  Vol- 
tlges  —How  can  the  speed  of  a 
car  on  any  voltage  be  calculated 
knowing  the  speed  .at  some  other 
voltage  and  the  resistance  of  each 
motor,  there  being  two  motors? 

T.  H.  A.  (new  YORK) 

Knowing  the  speed  of  the  car  on 
some  particular  voltage,  in  order  to 
calculate  accurately  the  speed  of  the 
car  on  any  other  voltage,  it  is  necessary 
to  have  a  train  resistance  curve  from 
which  the  change  in  tractive  effort  re- 
quired for  changes  in  car  speed  may  be 
calculated,  and  curves  showing  the 
speed-tractive  effort  characteristics  of 
the  motors  with  proper  gear  ratio  and 
wheel  diameter.  For  the  present  as- 
sume that  the  tractive  effort  required  to 
propel  the  car  is  not  changed  by  the 
change  in  speed,.  Then  the  speed  of 
the  car  when  operating  on  the  two  volt- 


ages  would  be   directly  proportional   to 
the  counter  or  back  electromotive-forco 
of    the    motors.     The    counter    electro- 
motive-force   of    the    motors    on    any 
given    voltage    is    determined    by    sub- 
tracting   the    total    drop    in    the    motor 
from    the    applied    voltage.      This    re- 
quires   that    the    amperes    load    on    tlie 
motors,    and    the    resistance,    must    be 
known  to  get  the  drop.     However,  the 
tractive  effort  required  does  not  remain 
the  same,  but  increases  as  the  speed  in- 
creases.     The    speed    increases    as    t.ie 
voltage  increases,  so  that  with  a  higher 
voltage   applied  to   the   motors,   greater 
tractive  effort  is  required.     Due  co  the 
speed-tractive    effort    characteristics    of 
scries  motors  (which  are  practically  al- 
ways  used    for   traction   purposes)    the 
increased  tractive  effort  is  gotten  at  an 
increased    ampere    load.     Thus,   with    a 
higher  voltage  and   speed,   the   increase 
in  tractive  effort  tends  to  keep  the  speed 
lower  than  it  otherwise   would  be.    _.f 
the  train  resistance  and   speed   tractive 
effort    curves     are     not     avadable,     the 
speed  of  a  car  on  any  voltage,  when  the 
speed  on  some  other  voltage  is  known. 
mav  be  calculated  approximately  by  as- 
suming that  the  speeds  on  the  two  volt- 
ages are  directly  proportional  to  the  ap- 
plied voltage.    The  result  gotten  111  this 
manner  is  usually  sufficiently  close   for 
practical  purposes,  due  to  the  fact  tnat 
the    change    in    tractive   effort    required 
partly   compensates    for   the   inaccuracy 
of  figuring  the  speeds  as  being  directly 
proportional     to     the     applied     voltage. 
The  change  in  speed  due  to  the  change 
in  voltage  is  not  affected  by  the  num- 
ber of  motors  on  the  car.  'V'"'' 
1030— Power      Readings     in     Tlixee- 
Phase   Circuits  —What   is   the  best 
arrangement   for   reading  the  current 
in  three  phases   with  two   series  cur- 
rent transformers  and  one  ammeter. 
Would  the  readings  be  correct  it  the 
ammeter   were   placed   in   series   with 
the   wattmeter   current  wires?     What 
are    the    advantages    of    three    trans- 
formers?                                R.W.W.  (IND.) 
The  customary  arrangement  is  shown 
in  Fig   1030  (a).    When  the  plug  is  not 
in    the    receptacle,    the    current    trans- 
formers  are    short-circuited    as    shown. 
When  any  plug  is   inserted,  the   short- 
circuit   is   broken,    as   indicated   by   the 
cross  and  the  connections  are  made  as 


FIG.  1030  (a) 


indicated  by  the  curved  lines  around 
the  receptacle.  The  accuracy  obtained 
when  ammeters  and  wattmeters  are 
placed  on  the  same  current  transformer 
depends  upon  the  regulation  and  capac 
itv  of  the  transformer.  Ordinarily  this 
afrangement  is  entirely  satisfactory 
where  the  load  approaches  the  ftJU 
capacity  of  the  transformers  for  the 
greater  part  of  the  time,  but  when  very 
^reat  light  load  accuracy  is  deman;lod, 
Separate  transformers  are  ordmarily 
used  For  the  measurement  of  current 
only  there  is  little  advantage  in  using 
three  transformers.  The  winng  is 
somewhat  simplified,  but  not  /ufficieml^ 
.0  to  warrant  the  expense  of  an  addi- 
tional transformer.  ».  a.  1. 
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1031 — Exciter   Trouble: — We   have   in 

mir  pnucr  liousc   lUiir  steam  turbines 
and  two  Corliss  engines,  all  connect'.'il 
to    altcrnaling-current    generators    of 
6  300  kw  tiital  capacity,  which  operate 
in  parallel  and   Iced  a  load  of  about 
160    induction    motors.      There    were 
two    motor-driven    exciters    of    com- 
pound -  wound      non  -  interpole      type 
which    operate     in    parallel,    and    we 
have  recently   installed  a  new  motor- 
driven   exciter  of   the   interpole   type. 
This  new  exciter  has  a  shunt  on  the 
series  field,  but  neither  of  the  old  ex- 
citers have.     We  started  the  new  ex- 
citer and   put   it   in   parallel   with   the 
other  two  on   five  altcrnatin.tj-current 
generator   fields ;    the   sixth   generator 
was  not   running.     All   three  exciters 
had    very   light    loads,    but    the    main 
generators     were     loaded     about     to 
capacity.     About  an  hour  later  a  400 
hp  motor  with  a  very  heavy  starling 
load,   started.     The   engineer   cut   the 
rheostats  out  part  of  the  way  on  bulb 
non-intcrpole  exciters  to  hold  up   tlie 
alternating  voltage,  but  did  not  toucli 
tlie  rheostat  of  the  new  interpole  ex- 
citer. The  alternating  voltage  dropped 
back    farther    than    it    usually    does 
when    this    motor    starts.      A    helper 
pulled  the  feeder  switch  to  which  this 
motor   was  connected.     Tlie  alternat- 
ing-current generator  speeded  up  and 
the  automatic  stop  on  one  of  the  tur- 
bines  tripped  and   shut   it   down.     .As 
the    other    four    could    not    carry    the 
load    tlie    voltage    dropped    back    and 
slnit  down  all  the  motors.     When  we 
went  to  start  up  again  we  found  that 
the  polarity  had  been  reversed  in  all 
three   exciters    and   the   fields   had    to 
be  flashed  before  they  would  build  up 
in    proper    direction.     We    have    had 
shut  downs  before  under  similar  con- 
ditions,  but   never   had   a  reversal   of 
polarity     in     exciters     before.      We 
naturally    look   to   the    new    interpole 
exicter  for  the  trouble.     How  do  you 
account   for  the   reversal  of  polarity? 
o.  R.  s.  (west  Virginia") 
The  fact  that  the  alternating  voltage 
of  the  system  was  lower  after  the  new 
exciter   was    installed    is,    doubtless,   ac- 
counted   for    because    the    new    exciter 
series    field,    together    with    tlie    shunt, 
bad    the    effect    of    shunting    a    certain 
amount   of   the   series   field   of   the   old 
exciters.     The  compounding  of  the  en- 
tire combination  of  exciters  then  would 
he  reduced  with  tlie  result  that  the  al- 
ternating voltage  would  not  be  held  up 
in  the   same   manner  as  before.     When 
the  alternating  voltage  dropped  back  on 
account  of   the  heavy  load,  the  motors 
driving  the  exciters  began  to  slow  down 
and  the   field   from   the   alternating-cur- 
rent     machines      probably      discharged 
through   the   exciters,   and    in   so   doing 
the   armature   current  would  be   in  the 
same    direction    as    when    the    exciters 
were  acting  a?  generators,  but  the  shunt 
field    current    would    be    reversed    and 
this     would     consequently     reverse     the 
polarity  of  the  exciters.  i>-  h. 

1032 — .'G  round  Detector — Will  you 
please  tell  me  how  to  read  a  three- 
phase  electrostatic  ground  detector ; 
that  is,  the  position  the  inde.x  hands 
will  assume  when  there  is  a  ground 
on  either  phase,  and  also  various 
grounds  from  a  partial  to  a  dead 
ground?  r.e.l.  (ohto) 

An  electrostatic  ground  detector  de- 
pends for  its  operation  on  the  attrac- 
tion which  exists  between  two  plates 
slightly  separated  from  one  another 
and  between  which  a  difference  of  po- 
tential exists    In  the  single-phase  meter 


indicated  in  Fig.  1032  (a),  so  long  as 
both  lines  A  and  B  are  at  an  equal  po- 
tential above  ground,  plates  F  and  G 
attract  plate  E  equally  and  the  pointer 
remains  in  the  neutral  position.  If  line 
A  becomes  grounded,  no  potential  dif- 
ference exists  between  plates  /;  and  P , 
and  the  attraction  between  parts  E  and 
G  draws  the  pointer  towards  the  right. 
The  same  general  conditions  iiold  true 
in  the  case  of  a  three-phase  ground  de- 
tector indicated  in  Fig.  1032  (b).  In 
this  case,  if  line  A  becomes  .grounded, 
no  potential  exists  between  plates  E 
and  /•"  with  the  result  that  plate  E  is 
attracted  equally  towards  plates  G  and 


U-i-i-Lo 
.>1T 
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(a) 


(b) 


(c)        ^ 
Kiu.  1032   (a),   (b)   and   (c) 

H.  In  both  the  single-pha,se  and  three- 
phase  instruments  it  will  be  noted  that 
tlie  pointer  moves  away  from  llic  line 
which  has  become  .grounded.  In  the 
case  of  two  single-phase  meters  on  a 
three-phase  system,  as  illustrated  in 
Fig.  1032  (c),  a  ground  on  the  left-hand 
line  will  cause  the  pointer  of  the  meter 
on  the  left  to  deflect  toward  the  right.  A 
ground  on  the  right-hand  line  will  cau.-e 
the  pointer  of  the  meter  to  deflect  to- 
ward the  left.  .\  ground  on  the  center 
wire  will  cause  the  pointers  of  both 
meters  to  deflect  away  from  the  center. 

IV  M. 
1033 — Loading  Back  Two  Similar 
Transformers  . —  Two  transformers 
were  operating  under  normal  condi- 
tions, except  that  the  voltage  and 
current  in  transformer  No.  2  are 
slightly  different  from  those  in  No.  1 
on  account  of  the  impedance  of  the 
loading  transformer  and  the  opposi- 
tion of  load  and  magnetic  currents, 
as  shown  in  Fig.  1033  (a).  The 
points  A  and  B  being  at  the  same 
potential,  except  for  the  line  drop  A 
to  B.  Why  does  all  or  a  large  pro- 
portion of  the  circulating  current  go 
through  transformer  No.  I  and  not 
divide  between  No.  I  and  the  mag- 
netizing transformer?  The  trans- 
formers being  connected  together  on 
the  high  tension  side,  it  seems  as  if 
this  makes  the  low  tension  current  the 
same  in  bcnh  transformers,  yet  in  one 
transformer  the  magnetizing  and  load 
current  are  in  the  same  direction,  and 
in  No.  2  these  same  currents  are  op- 
posed. How  is  this  possible  when 
the  high  tension  circuit  is  a  series  ar- 
rangement? Is  it  possible  for  the 
load  or  circulating  current  to  oppose 


the  magnetizing  current  and  still  have 
the  transformer  operate? 

H.  B.  S.  (PENNA.) 

With  a  scheme  of  connections  as 
shown  in  Fig.  1033  (a),  it  is  practically 
impossible  for  the  circulating  current  to 
divide  between  transformer  No.  i  and 
the  magnetizing  transformer.  Fig. 
^Oi3  (b)  is  a  modified  sketch,  and  from 
this  arrangement,  transformer  No.  2 
tends  to  govern  the  circulating  current 
in  transformer  No.  i.  If  the  mag- 
netizing transformer  was  disconnected 
and  a  short-circuiting  lead  connected 
across  leads  BE,  the  circulating  current 
would  still  pass  through  the  winding 
BE,  and  the  only  current  passing 
through  the  short-circuiting  lead  would 
be  the  magnetizing  coinponent  of  the 
circulating  current,  which  is  practically 
negligible.  The  total  impedance  volt- 
age   applied    to    BC    would    then    exist 


FIG.  1033   (a)  and  (b) 

across  DC  and  the  impedance  voltage  of 
transformer  No.  I  would  exist  across 
the  high  tension  terminals  GH.  With 
the  transformers  connected  as  shown 
in  Fig.  1033  (b),  the  current  in  wind- 
ing BE  will  be  equal  to  the  vector  sum 
of  the  circulating  current  of  trans- 
former No.  I  and  the  magnetizing  cur- 
rent of  botli  transformers,  transformer 
No.  2  being  magnetized  on  the  high 
tension  side  through  transformer  No.  i. 
This  is  a  condition  equivalent  to  having 
the  vector  sum  of  the  magnetizing  and 
circulating  currents  in  the  low  tension 
of  transformer  No.  I  and  the  vector 
difference  of  the  magnetizing  and  cir- 
culating currents  in  low  tension  of 
transformer  No.  2.  Since  the  scheme 
of  connections  shown  in  Fig.  1033  (b) 
indicates  that  the  magnetizing  and  cir- 
culating currents  are  obtained  from 
the  same  phase  and  source  of  power,  it 
is  evident  that  the  low  tension  voltage 
of  transformer  No.  2  is  equal  to  the 
arithmetical  difference  between  the 
magnetizing  voltage  FA  and  the  impe- 
dance voltage  BC.  If  either  load  or 
ma.gnetizing  leads  were  crossed  the 
conditions  would  be  just  the  opposite, 
and  transformer  No.  2  would  have  the 
.greater  voltage  and  current.  If  the 
magnetizing  transformer  was  con- 
nected to  a  different  phase  than  the 
loading  transformer,  the  voltage  across 
the  low  tension  of  transformer  No.  2 
would  be  the  vector  sum  of  diflterence 
of  the  magnetizing  and  impedance  volt- 
ages, depending  upon  their  relative  di- 
rections; it  being  possible  in  some  cases 
to  have  practically  balanced  voltage  and 
currents  in  high  and  low  tension  wind- 
ings in  both  transformers.  This  method 
is  regularly  employed  in  making  load- 
ing back  tests  on  all  transformers. 

W.  J.  H. 

1034 — Unsteady  Voltage — We  have  a 
TOO  kw,  225  volt,  280  r.p.m.,  6  pole, 
commutating  pole  generator  driven 
by  a  tandem  compound  engine  and 
controlled  by  a  Tirrell  voltage  regu- 


no 
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lator.  The  load  includes  liRlits  and 
elevators  at  the  same  time.  The  lights 
flicker  badly  and  the  regulation  is 
poor,  (a)  Must  a  generator  work 
low  on  the  saturation  curve  in  order 
to  work  well  with  a  regulator?  (h) 
Will  changing  the  length  of  the  air- 
gap  have  any  effect?  (c)  Will  re- 
moving the  German  silver  shunt  from 
the  series  field  be  of  any  benefit?  The 
compounding  is  now  flat,  60  percent 
of  the  current  being  shunted.  (d") 
Would  an  inductive  shunt  be  worth 
considering?  (e)  The  elevator  load 
varies  from  100  to  400  amperes. 
When  it  is  reduced  the  voltage  rises 
from  225  to  240  volts  and  takes  con- 
siderable time  to  return  to  normal, 
this  being  apparently  due  to  residual 
magnetism  and  a  slight  increase  in 
engine  speed.  Would  good  laminated 
poles  remedy  this  or  will  increasing 
the  air-gap  help  any?  (f)  What  can 
be  done  to  increase  the  effectiveness 
of  the  regulator?  w.  f.  l.  (calif.) 

(a")    Low   magnetic  saturation   is   de- 
sirable    for    machines    operating    with 
regulator,  as  the  voltage  responds  much 
more    rapidly    to    the    exciting    current 
variation,      (b)      The  length  of   air-gap 
will  have  little  or  no  effect  on  the  volt- 
age   lluctuation   caused   by   the   elevator 
load,     (c)   No.     (d)   No.     (e)   Without 
knowing  the  genei-al  design  of  the  ma- 
chine,  it   is   impossible   to    say   whether 
laminated  poles  would  help  appreciably, 
(f)     It    is    impossible    to    prevent    rno- 
mentarv  voltage  variation   and  lighting 
flicker  on  a  circuit  which  also  carries  a 
large   proportion  of   elevator  load.     As 
the    most    satisfactory    solution    of    the 
circumstances    cited,    we    would    advise 
the   installation  of   an   entirely   separate 
generator   for  the  lighting  circuits;   as, 
aside   from   this,   the   irregular   voltage 
variation   would   not  be   of   serous  mo- 
ment for  elevator  load  only.  R.  h.  t. 
1035 — Commutator   Trouble — We 
have  in  operation  a  475  kw.  30a  volt, 
127   r.p.m.   direct-current   engine   type 
generator  direct  connected  to  a  cross- 
compound    Corliss    engine.     The    en- 
gine   shaft    is    not    central    with    the 
outside   of   the   armature   core,  _  wdiich 
is  noticeable  when  the  engine  is  run- 
ning slow.     With  the  engine  running 
at     full     speed     and     the     generator 
loaded,    the    armature    seems    to    run 
still  more  out  of  true,  this  being  due 
perhaps    to    the    field    pull.      Starting 
with   the   commutator   perfectly   true, 
the  brushes,  which  are  of   the   radial 
type,    move    about    1-32    of    an    inch 
vvhcn   the   machine   is   loaded.     What 
effect  would  this  have  on  the  commu- 
tation? We  have  considerable  trouble 
with    "flats."     W^ould    this    cause    it? 
The  load   on  this  machine   is   steady, 
being  electrolytic.     The  armature  has 
no  balance   rings.            j.  F.  j.  (mich.") 
It  is  not  likely  that  the  brushes   can 
follow   the    commutator    with    a    move- 
ment of   1-32   inches   and  as   the   brush 
leaves    the    commutator    there    will    be 
sparking.     This   sparking   will   probably 
be  worse   in   some  brush   arms   than   in 
others  and  will  occur  once  per  revolu- 
tion.   jThis   action   will   burn   the   com- 
mutator  and   flats   will   probably   result. 

Tl.  H. 

1036 — Temperature  of  Electric  Heat- 
ers— What  temperature  is  .gener- 
ally attained  by  the  heating  element 
in  toaster  stoves,  percolators  and 
electric  irons?  s.  H.  c.  (ind.. 

The  temperature  in  these  devices  va- 
ries greatly,  depending  upon  the  design. 
For   designs   in   which   mica   is   used   to 


insulate  the  heating  element,  the  tem- 
perature may  range  anywhere  from  500 
to  700  degrees  C.  B.  A,  b. 

1037 — Capacity  of  Testing  Trans- 
former— In  testing  a  600  kilowatt, 
2  200  volt  generator  with  double  volt- 
age to  ground,  using  a  two  kilowatt 
transformer,  should  the  current  in  tlie 
low  voltage  side  of  the  transformer 
be  simply  the  magnetizing  current  ? 
How  much  of  an  increase  of  current 
would  be  considered  as  indicating  a 
serious    weakness    of    the    insulation? 

R.  M.  (XF.W  HAMPSHIRE) 

The  current  in  the  low  voltage  side 
of  the  transformer  will  be  the  vector 
sum  of  the  exciting  current  of  the 
transformer,  and  the  charging  curreht 
due  to  the  electrostatic  capacity  of  the 
apparatus  being  tested.  In  the  case 
referred  to,  the  charging  current  should 
be  a  ne,gligible  quantity.  The  numerical 
value  of  current  in  the  low-  voltage  side 
of  the  transformer  cannot  be  taken  as 
a  measure  for  the  dielectric  strength  of 
the  apparatus  being  tested.  If  the  two 
kilowatt  transformer  used  in  making 
the  insulation  test  had  a  normal  voltage 
rating  of  2  200,  but  was  ^vorked  at 
double  voltage  and  normal  frequency, 
there  would  be  an  excessive  current  in 
the  low  voltage  side,  since  the  trans- 
former iron  w^ould  be  worked  at  double 
its  normal  magnetic   density.         w.  j.  H. 

1Q38 — Rating  of  Alternators — The  ca- 
pacity of  a  generator  being  governed 
by  the  temperature  rise  in  its  differ- 
ent parts,  what  is  the  percentage  dif- 
ference in  capacity,  if  any,  between 
two  generators  rated  as  follows?  (a) 
The  generator  will  have  a  capacity  of 
delivering  750  kva  or  600  kw  at  80 
percent  power-factor_  at  2  300  volts, 
188  amperes  per  terminal,  with  a  tem- 
perature rise  not  to  exceed  50  degrees 
C.  above  the  surrounding  atmosphere 
in  any  part,  (b)  The  generator  will 
have  '  a  capacity  of  delivering  750 
kva  or  750  kw  at  100  percent  power- 
factor  at  2300  volts.  188  amperes  per 
terminal  with  a  temperature  rise  not 
to  exceed  50  degrees  C.  above  the 
surrounding  atmosphere  in  any  part. 
If  each  machine  is  designed  to  oper- 
ate under  the  conditions  named,  will 
there  be  any  difference  in  the  rise 
in  temperature  if  (a)  operates  as  (b) 
and  vice  versa?  In  other  words,  will 
any  difference  be  required  in  the  ex- 
citation of  the  machine,  which  woidd 
allow  one  to  carry  a  heavier  load  than 
the  other?  E.  M.  s.  (mo.) 

With  full-load  80  percent  power- 
factor  on  a  modern  alternating-current 
generator,  the  required  excitation  is  in 
the  neighborhod  of  double  that  required 
at  the  no-load  normal  voltage  condition, 
wdiile  at  full-load.  100  percent  power- 
factor,  the  excitation  is  slightly  in  ex- 
cess of  the  no-load  excitation:  also,  the 
temperature  of  the  armature  is  affected 
slightly  by  the  field  temperature,  due  to 
radiation.  With  the  80  percent  power- 
factor  .generator  operating  at  100  per- 
cent power-factor,  the  field  temperature 
would  be  considerably  decreased  and 
the  armature  temperature  sli.ghtly  de- 
creased. With  the  100  percent  power- 
factor  generator  operating  at  80  per- 
cent power-factor,  the  field  temperature 
would  increase  excessively  and  the 
armature  temperature  would  slightly  in- 
crease. In  all  probability  the  excitation 
volts  for  this  condition  of  operation 
would  be  greater  than  the  available  sup- 
ply and  hence  the  terminal  voltage  of 


the  100  percent  power-factor  generator 
would  drop  below  normal.  In  dkher 
words,  the  generator  designed  only  lor 
100  percent  power-factor  could  not  be 
operated  satisfactorily  at  lower  power- 
factors  with  only  normal  exciting  volt- 
age available,  as  a  properly  designed  lOO 
percent  power-factor,  50  degree  alterna- 
ing-current  generator  requires  less  exci- 
tation than  a  similarly  designed  80  per- 
cent power-factor  generator.  It  is  evi- 
dent tliat  the  80  percent  power-factor 
generator  has  a  greater  capacity  in  that 
it  can  carry  greater  low  power-factor 
loads  than  the  100  percent  power-factor 
generator.  r.  k. 

1039 — Transmission  Data— On  a  three- 
phase,  three-wire,  6o-cycle  transmis- 
sion line  with  the  wires  spaced  24 
inches  apart,  (a)  Does  the  voltage 
loss  vary  directly  with  the  distance? 
(b)  Dues  the  voltage  loss  vary  di- 
.rectly  witli  the  kw  or  the  kva?  (c) 
What  formula  is  used  to  determine 
this  voltage  loss?  (d)  Considering 
a  line  of  the  above  description  con- 
nected to  a  13  200  volt  alternator 
using  No.  2-0  copper  wire,  what  is 
the  voltage  loss  per  mile  per  1 000 
kw?  L.  J.  H.  (n.  j.) 

(a) — Other    conditions    being    equal. 
the  voltage  loss  varies  directly  with  the 
distance.        (b) — Other     things     being 
equal,   tlie   voltage  loss  varies    with   the 
kva  rather  than  the  kw  carried,     (c)  — 
See   articles    on   this    subject   by    Ralpli 
D.      Mershon,      Clarence      P.      Fowler 
and  Chas.  F.  Scott,  in  the  Journal  for 
1907,   March  and   April,   pages    137,   152 
and    227.      (d) — From    tables    given    in 
the   articles   mentioned  above   the  volt- 
age drop  per  mile  per  I  000  kw.  three- 
phase,   assumin.g   a   power-factor   of   80 
percent,     would     be     approximately     66 
volts.     For  a  more  elaborate  treatmen: 
of  the  question  we  recommend  "Trans- 
mission    Line     Formula,"     by     H.     B. 
Dwight    and    "Practical    Calculation    of 
Transmission  Lines,"  by  L.  \\'.   Rosen- 
thal, c.  R.  R. 
1040 — Current    Collection — (a)     What 
are  the  causes  of  cutting  of  collector 
rings   and   commutators   when    co'>"er 
brushes  are  used,  and  how  may  such 
cutting   be    prevented    or    minimized? 
(b)   What  are  the  usual  pressures  in 
pounds  per  square  inch  used  with  car- 
bon brushes   on  commutators   in   ma- 
chines of  all  sizes?        j.  c.  c.  (c.\lif.) 
(a)  Cutting  with  metal  brushes  is  ob- 
viously due  to  the  friction  of  the  hard 
brush   on  the   relatively  softer  collector 
ring.    It  can  be  greatly  decreased,  if  not 
entirely    eliminated,   by    proper    lubrica- 
tion.    Lubrication  with  vaseline  or  sim- 
ilar greases  by  band  will  do  some  good, 
but  the  best  results  have  been  obtained 
by  addin.g  insulated  lubricating  brushes 
to    each     ring.       While     ordinary     soft 
graphite  blocks  are  often  used  for  such 
lubricating  brushes   and   are    sometimes 
effective,  the  best  device  we  know  of  is 
the       Schweitzer      Lubricatin.g       Brush 
which     is     essentially     a     compression 
grease  cup.     A  special  elastic  lubricant 
is  used  with   which  only   occasional  at- 
tention   is    required.      (b)    Brush    pres- 
sures vary  over  a  wide  range   for  dif- 
ferent   classes    of    machines.      Railway 
motor    brushes    require    much    heavier 
pressure  than  others,  four  to  six  pounds 
being  common  practice.     Large  station- 
ary    generators     and     motors     require 
much  lower  pressure,  one  and  one-halt 
to  two  and  one-half   pounds   represent- 
ing good  practice.    The  newer,  high  ca- 
pacity,   soft   brushes    require    relatively 
low  pressures.  f.  d.  x. 
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In  iR-arly  all  industries  the  scheme  ot 
production  involves  the  utilization  of 
certain  amounts  of  mechanical  en- 
ergy. The  particular  arrangements 
as  to  the  method  of  supplying  pjvver 
are  almost  as  numerous  as  the  industries  themselves. 
It  has  thus  come  about  that  the  study  of  the  be^t 
means  of  providing  mechanical  power  in  each  indus-- 
trial  operation  has  been  gi\en  serious  attention  by 
many  engineers,  both  among  those  interested  in  the 
products  of  the  industries  and  those  interested  in  the 
providing  of  means  of  supplying  power.  The  present 
issue  of  the  Journ.\l  is  devoted  almost  exclusively 
to  discussions  on  the  application  of  electric  power  to 
various  industries,  as  have  been  the  March  issues  for 
several  years  past,  \\hile  numerous  types  of  appli- 
cations are  here  discussed,  the  variety  and  extent  of 
modern  industrial  operations  are  so  great  as  to  make 
possible  only  the  selection  of  a  limited  number  of  the 
more  typical  applications. 

The  subject  of  motor  dri\e  may  be  considered. — 
first,  from  the  viewpoint  of  the  individual  industry : 
sea>nd.  that  of  the  power  company;  and  third,  that 
of  the  manufacturer  of  motors  and  accessories 

P'rom  the  standpoint  of  the  motor  manufacturer 
it  would  undoubtedly  be  desirable  to  have  all  opera- 
tions requiring  power  performed  by  a  single  line  or 
ty])e  of  motors  of  appropriate  ratings.  Progressive 
manufacturers,  however,  recognize  that  there  are  par- 
ticular requirements  in  many  industries  which  mav 
make  desirable  or  necessary  the  use  of  motive  power 
having  characteristics  especially  adapted  to  the  par- 
ticular work  in  hand.  In  some  instances  the  need  is 
for  constant  speed,  in  others  for  large  speed  range. 
In  some  industries  absolute  reliability  under  ex- 
tremely severe  conditions  is  essential,  in  other  appli- 
cations portability  or  small  weight  per  unit  of  output 
is  imjxjrtant. 

From  the  standpoint  of  the  power  company 
there  is  the  desire  for  increased  business.  .\t  first 
there  was  merely  the  thought  of  the  greatest  possible 
connected  load,  but  modern  power  companies  now 
scrutinize  prospective  loads  carefully,  not  only  as  to 
the  probable  total  kilowatt-hours  to  be  used  per  an- 
num, but  as  to  the  characteristics  of  the  incoming 
load.  Among  the  factors  to  be  considered  are  the 
maximum  demand,  hours  use  per  day  and  seasonal 
iise,  diversity  factor,  power-factor,  etc. 

\\  hen  the  question  of  motor  dri\  e  is  discussed 
by  industrial  concerns,  there  are  many  features  to  be 
considered,  some  of  an  economic  rather  than  an  en- 
gineering nature.  The  manufacturer  is  accustomed 
to  operating  his  plant   under  certain  conditions.     In 


some  cases  electric  drive  can  be  introduced  without 
material  modification  in  the  scheme  of  production,  in 
which  event  the  question  of  the  advisability  of  adopt- 
ing motor  drive  is  largely  one  of  relative  power  costs 
In  other  industries  the  introduction  of  the  motor 
opens  up  entirely  new  possibilities  in  the  way  of 
manufacturing  arrangements  and  rate  of  production. 
In  such  cases  the  matter  of  relative  ix)wer  costs  of 
two  methods  may  be  entirely  overshadowed  by  the 
possibilities  of  increased  productinn  or  ininr.  .ve;l 
product. 

A  careful  review  of  the  various  articles  in  this 
issue  will  bring  out  the  determining  features  in  each 
class  of  application.  In  irrigation  [)umping,  for  in- 
stance, the  motors  must  operate  with  a  minimum  of 
attention;  they  form  a  very  desirable  load  for  power 
companies,  and  the  rancher  can  determine,  by  oim- 
pari.son  with  previous  records,  just  how  much  profit 
is  secured  by  the  use  of  electric  pumjis. 

For  planers,  motor  manufacturers  have  devel- 
oped special  motors  with  small  rotative  inertia  and 
special  control  features  in  order  to  make  a  complete 
unit  without  the  necessity  for  the  usual  crossed  bells. 
In  this  application,  the  power  company  is  not  par- 
t'cularly  interested  as  to  whether  the  planer  is  driven 
with  or  without  belts,  but  the  users  of  such  machine-! 
find  great  relief  due  to  the  elimination  of  belting  and 
refinements  in  control  made  possible  by  direct  drive 
with  motors  especially  designed  for  the  purpose. 
Similarly  special  motors  have  been  developed  for  the 
drilling  of  oil  wells  with  resulting  benefits  to  all  con- 
cerned. 

In  laundries  and  paper  mills  it  is  usually  possible 
to  make  use  of  fairly  standard  motors  of  moisture- 
proof  construction.  The  power  companies  find  such 
concerns  rather  difficult  to  secure  as  customers,  owing 
to  the  large  amount  of  steam  and  hot  water  required 
for  other  than  power  purposes.  The  owner  of  an 
electrically  operated  launilry  finds  in  the  motor  a  con- 
venient source  of  power  in  small  units  so  that  he  can 
drive  each  machine  when  and  as  needed,  and  at  its 
proper  speed,  without  interfering  with  other  opera- 
tions. An  inspection  of  two  laundries,  one  of  the  old 
fashioned  engine-driven  type  and  the  other  of  the 
electrically-operated  type,  forms  a  most  convin^ng 
example  of  the  advantages  of  using  electricity. 

These  few  instances  will  serve  to  indicate  tlie 
great  diversity  of  work  now  being  performed  elec- 
trically and  the  necessity  for  discussions,  such  as 
given  in  this  issue,  indicating  the  peculiar  power  re- 
quirements of  each  industry. 


Motor  Drive  in  the  Industrial  Field 


PERHAPS  the  most  remarkable  feature  of  the 
use  of  motor  drive  for  industrial  purposes  is 
the  extraordinary  rapidity  with  which  it  has 
been  generally  adopted.  Fifteen  years  ago  an  elec- 
tric motor  was  a  rarity  in  an  industrial  plant.  A  few 
far-sighted  men  were  using  this  drive  for  general  pur- 
poses, and  others  found  the  motor  especially  desirable 
for  certain  specific  purposes,  but  these  applications 
formed  conspicuous  exceptions.  In  general,  men  of 
the  industries  had  no  use  for  the  motor.  The  drives 
they  were  using  were  apparently  satisfactory  and 
represented  what  engineers  and  practical  men  had 
found  to  be  best  after  many  years  of  experience.  If 
the  plant  was  making  money,  what  need  to  change? 
If  it  was  not,  the  cost  of  installing  motors  was 
prohibitive. 

But  today,  in  spite  of  the  extreme  reluctance — 
not  to  say  strenuous  opposition — on  the  part  part  of 
the  industrial  managers  themselves,  motor  drive  has 
swept  the  field.  There  is  not  an  industry  where  it  is 
not  used  to  some  extent ;  there  are  many  in  which  the 
majority  of  machines  are  motor-driven;  and,  in  most, 
motor  drive  is  recognized  as  the  most  satisfactory 
and  economical  drive,  provided  electrical  energy  can 
be  secured  at  a  reasonable  cost.  The  rapidity  and 
completeness  with  which  this  revolutionary  system  has 
been  accepted  is  without  parallel  in  industrial  history 
and  is  only  comparable  with  the  triumph  of  electricity 
in  other  lines,  such  as  traction,  illumination  and  the 
transmission  of   intelligence. 

Obviously  there  must  be  some  strong,  convincing 
reason  why  an  event  of  this  kind  has  taken  place 
and  this  reason  can  be  summed  up  in  the  word 
"economy,"  or  rather,  "increase  in  profits,"  because 
motor  drive  not  only  saves  money  but  helps  to  earn 
more  money.  Motor  drive  has  pushed  its  competitors 
aside  simply  because  it  can  do  its  work  more  cheaply 
and  satisfactorily  than  any  other  known  means. 

If  the  average  engineer  who  has  not  made  a 
special  study  of  motor  applications  were  asked  the 
question,  he  would  undoubtedly  say  that  the  reasons 
why  motor  drive  is  economical  are  practically  the 
same  for  all  industries,  and  that  this  economy  arises 
from  the  fact  that  electrical  energy  can  be  transmitted 
and  utilized  where  needed  with  greater  efficiency  than 
any  other  kind  of  power.  He  would  also  point  out 
that,  by  eliminating  belts  and  line  shafts,  a  consider- 
able saving  in  energy  consumed,  and  consequently  in 
fuel,  would  result. 

These  are  indeed  the  fundamental  reasons  for 
the  use  of  electric  power  in  many  plants  and,  being 
the  obvious  ones,  have  been  accepted  by  many  as  the 
onlv  ones  to  be  advanced  in   favor  of  motor  drive. 
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But  as  a  matter  of  fact,  a  close  study  of  the  various 
industries  discloses  many  other  advantages  of  equal 
or  greater  importance. 

To  show  in  what  class  of  plants  the  various  ad- 
vantages of  electric  drive  are  most  evident  the  manu- 
facturing conditions  of  the  different  industries  can 
be  compared  in  a  general  way. 

Mechanical    layouts    may    be    classified    as    fol- 


lows : — 


Complex 


Sm.iU     ■{ 


T       1      ,  f    *        f  No  -steam  required 
Low  load-factor    |  gjeam  rcsuired 


\o  steam  required 
Steam  required 


High  load-factor 


Simple 


Mechanic;!] 
Layout 


Complex 


T       1     J  r  f  Xo  steam  required 

<•  I-o"'  load-facior    J   g;^^^  required 

1    TT-  1  1      1  *    i.       {  No  steam  required 
I  H'Bli  load-factor  |  g^^^^  .eqxikea 

Xo  steam  required 
Steam  required 


Low  load-factor 


I  Large     ■{ 


I  Simple 


„-  u  ,„„  ,  f  „,„  f  Xo  steam  required 
High  load-factor  |  g^^^^  required 

T       1      1  p„-*.—    f  Xo  steam  required 
Low  load-factor    |  g,^^^^  required 

f  No  steam  required 


Hi^h  load-factor  - 


1  Steam  required 

By  "large"  is  meant  installations  over  loo  horse- 
power. "Simple"  and  "complex"  refer  to  the  number 
and  arrangement  of  buildings,  shafting,  and  the  ma- 
chines in  each  building.  "High  load-factor"  is  con- 
sidered as  being  above  15  percent  for  a  24  hour  day. 
Steam  requirements  refer  to  those  for  other  than 
power  generation. 

When  this  tree  is  inspected  for  those  plants  in 
which  electric  drive  is  most  desirable,  it  is  found  that 
a  small  plant,  complex  in  laysut,  with  a  low  load- 
factor,  and  not  requiring  steam  for  manufacturing 
processes,  such  as  a  small  wood  working  plant  or 
machine  shop,  lies  at  the  upper  limit,  while  a  plant 
of  large  size,  simple  in  layout,  with  a  high  load-factor, 
and  requiring  steam  for'  its  operation,  such  as  a 
large  distilled  water  ice  plant,  lies  at  the  lower  limit. 
Theory  and  practice  both  show  that  in  the  upper 
range  lie  the  greater  number  of  prospective  users  of 
motor  drive  and  also  those  that  are  most  easily  con- 
verted to  its  use.  These  classes  are  likewise  those 
that  the  power  solicitor  should  first  cultivate,  since, 
being  small  and  having  a  low  load-factor,  they  can- 
not generate  power  economically  and  in  most  cases 
they  operate  off-peak.  Of  these  plants,  therefore, 
nothing  further  need  be  said. 

Although  plants  of  the  lower  class  are  apparently 
poor  prospects  for  motor  drive,  there  are  many 
plants  in  this  class  which  are  adopting  motor  drive 
primarily  to  make  use  of' central  station  service.  By 
this  means  it  is  possible  to  eliminate  entirely  the 
power  house  equipment.  As  an  extreme  example  of 
a  plant  in  this  class,  we  might  have  an  engine  in  one 
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room  coupled  to  a  shaft  driving  a  few  large  machines 
in  the  next  room,  and  it  is  evident  that  under  these 
conditions  the  advantages  of  motor  drive  can  be  fully 
realized  only  by  the  use  of  central  station  power.  In 
order  to  show  more  clearly  how  various  industries 
line  up  according  to  the  above  classification,  and  also 
how  the  various  characteristics  of  motor  drive  con- 
tribute to  the  success  oi  the  installation,  the  follow- 
ing examples  are  given : — 

Small  rubber  plants  may  be  placed  among  the 
lower  classes,  yet  these  plants  are  rapidly  installing 
motor  drive,  and  using  central  station  power  where 
it  is  available.  Rul)ber-mixing  mills  will  average 
about  one  horse-power  per  inch  width,  so  that  in  a 
small  space  it  is  possible  to  consume  several  hundred 
horse-power.  Constant  speed  is  required  for  the 
mills,  but  for  the  calenders,  adjustable  speed  over  a 
range  of  three  or  four  to  one  is  of  great  value. 
Mechanical  gear-changing  devices  giving  two  speeds 
are  in  common  use,  but  even  very  small  rubber  plants 
have  found  that  by  having  a  wider  and  more  easily 
adjustable  speed  control,  the  production  can  be  in- 
creased about  25  percent.  In  one  plant,  for  instance, 
which  had  about  a  dozen  calenders  and  was  unable 
to  obtain  the  desired  production,  the  installation  of 
electric  motors  not  only  enabled  a  greater  production 
to  be  obtained,  but  left  two  calenders  idle  for  still 
further  production.  Sucli  an  increase  alone  pays 
liberal  dividends  on  the  electrical  equipment  neces- 
sary, and  reduces  the  number  of  calenders  required 
for  a  given  production. 

In  a  cement  plant,  power  is  also  used  in  large 
units  that  can  be  assembled  in  a  comparatively  small 
space.  Constant  speed  is  required  for  over  95  per- 
cent of  the  load  and  yet  motor  drive  shows  a  large 
saving.  One  prime  reason  is  that  cement  dust  and 
oil  is  a  bad  combination  for  line  shaft  bearings,  belts, 
and  power  house  equipment.  Also,  no  cement  plants 
work  continuously  at  maximum  capacity,  and  with 
individual  motor  drive,  the  power  consumed  is  almost 
exactly  in  proportion  to  the  output,  which  is  far  from 
true  with  line  shaft  drive.  Economy  of  power  is  of 
great  importance  in  a  cement  plant  since  power  is  a 
very  large  proportion  of  the  total  manufacturing  cost, 
about  20  kw-hr.  per  barrel  of  cement  being  required 
on  the  average. 

Paper  mills  range  near  the  bottom  of  the  scale, 
require  considerable  steam,  and  are  usually  of  rather 
complex  layout.  Practically  uniform  speed  and 
ample  power  at  each  machine,  which  can  be  obtained 
by  motor  drive,  have  greatly  increased  both  the  qual- 
ity and  the  quantity  of  pulp  and  paper  manufactured. 
One  plant,  which  was  driving  its  paper  machine 
through  a  variable  speed  cone  from  a  water  wheel 
shaft,  decided  to  install  an  adjustable  speed  motor  on 


the  machine,  supplying  it  from  a  direct-current 
generator  driven  from  the  water  wheel  shaft.  The 
greater  ease  of  control,  together  with  the  better  speed 
regulation,  improved  both  the  quality  and  the  quan- 
tity of  the  paper  produced,  and  fully  warranted  the 
expense. 

An  investigation  of  the  equipment  in  a  plant  that 
manufactures  show-cases  proved  that  the  engine  was 
fully  loaded  but  that  about  65  percent  of  the  load 
was  friction.  The  drives  were  very  complex,  and  the 
load-factor  low.  Electric  drive  was  adopted,  using 
over  a  hundred  squirrel-cage  induction  motors,  and 
installing  a  generator  on  the  engine.  After  this 
change  there  was  ample  power  available  to  supply  an 
addition  to  the  plant  of  nearly  25  percent  of  its 
original  capacity.  Besides  tliis,  the  maintenance  of 
high  speed  at  all  of  the  wood-working  machines  not 
only  increased  the  capacity  of  the  plant,  but  gave  a 
much  better  finish  to  the  material,  thus  saving  con- 
siderable sanding. 

Textile  mills  are  usually  very  comple.x  and  have 
a  high  load-factor,  so  it  would  be  expected  that  a 
great  saving  might  be  made  in  the  power  required. 
Energy  can  be  saved  in  most  cases,  but  the  cost  of  the 
product  is  so  high  in  comparison  with  the  cost  of 
power  that  a  saving  in  power  amounts  to  little,  where- 
as even  a  slight  increase  in  the  output  warrants  a 
considerable  investment  in  equipment.  This  is  espe- 
cially true  in  silk  mills,  and  in  one  case,  where  it  was 
found  that  the  saving  in  fuel  effected  by  the  use  of 
motor  drive  was  almost  negligible,  it  was  also  found 
that  an  increased  production  of  nearly  15  percent  was 
obtained,  the  value  of  which  paid  royal  dividends  on 
the  investment  required.  In  mechanically-driven  tex- 
tile mills  there  are  pulsations  in  the  speed  of  the 
shafting,  due  in  part  to  the  cyclic  variations  in  the 
engine  speed  but  more  to  tlie  variations  caused  by 
changing  load  on  the  machines  connected  to  the  shaft. 
Motor  drive  gives  a  constant  speed  and  a  higher 
average  speed  than  is  possible  with  line  shaft  drive, 
and  it  is  due  principally  to  tliis  fact  that  the  greater 
output  is  obtained.  Cleanliness  and  tlie  elimination 
of  "seconds"  caused  from  oil  dropping  from  overhead 
shafting,  is  an  item  which  in  itself  practically  war- 
rants the  installation  of  motor  drive. 

The  above  instances  show  how  one  feature  of 
motor  drive  may  be  the  controlling  one  in  one  plant, 
and  of  comparatively  small  importance  in  another.  In 
one  plant  the  adjustable  speed  gives  the  increased 
production,  and  in  another  the  maintenance  of  con- 
stant speed.  In  one  it  is  the  elimination  of  complex 
sliafting  and  friction,  while  in  another  it  is  simply 
the  elimination  of  the  power  plant  that  recommends 
the  use  of  motors  and  purchased  power. 


Irrigation  by  Pumping  in  California 


THE  LARGE  AREA,  together  with  the  diversi- 
fied cHmatic  conditions  in  CaHfornia,  makes 
tliis  State  one  of  the  hcst  for  the  study  of 
the  irrigation  prohlcm.  From  the  orange  groves  in 
the  Soutliern  jnirt  of  the  State,  through  the  San  Joa- 
quin and  Sacramento  \'alleys,  to  the  plateaus  of 
Siskiyou,  there  is  a  variation  of  land,  water  and  cli- 
matic conditions  which  is  ecjual  to  any  in  the  world. 
This  diversity  of  conditions  has  developed  many 
methods  of  irrigation. 

The   water   table  varies   over   wide   limits,    from 
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of  these  systems,  however,  are  fed  either  by  rivers 
or  reservoirs  where  the  winter  rainfall  is  stored,  and 
consequently  during  the  latter  part  of  the  summer, 
t!ic  water  supply  becomes  very  limited.  The  devel- 
o])ment  in  all  districts  where  gravity  sy>tem5  of  irri- 
gation prevail,  has  been  very  rapid  and  the  land  has 
always  maintained  a  high  valuation,  due  to  the  greater 
])roduction  available  through  means  of  irrigation. 

When  the  electric  power  companies  began  to  ex- 
tend their  transmission  lines  into  these  districts, 
particularly     where     water     was     obtainable     within 


pumping  heads  in  certain  sections  of  from  four  or  twenty  to  fifty  feet  of  the  surface,  they  began  to  ad- 
five  feet,  to  other  sections  where  the  head  is  as  high  vocate  the  use  of  individual  |)umping  plants,  thereby 
as  two  hundred  and  fifty  feet.  Due  to  this  variation  making  the  farmer  independent  in  his  operations, 
in  pumping  head,  a  study  oi  the  land  conditions  and  The  hardest  problem  is  to  show  the   farmer  exactly 


water  table  at  different  points  must  be  made,  in  order 
to  insure  getting  sufficient  returns  from  the  land  when 
irrigated,  to  warrant  the  expense  of  obtaining  water 
at  that  point.  In  sections  where  the  pumping  head 
runs  up  as  high  as  one  hundred  to  one  hundred  and 
twenty-five  feet  and  the  amount  of  water  is  limited, 
the  production  of  both  deciduous  and  citrus  fruits  is 
carried  on  most  extensively.  As  the  yield  of  fruit 
per  acre  is  high,  a  high  expense  for  irrigation  is  al- 
lowable. Although  this  land  is  very  rich  and  would 
produce  alfalfa  in  large  quantities,  the  cost  of  irriga- 
tion for  alfalfa  would  be  as  great  as  the  returns  from 
its  production.  In  the  low  land  regions,  where  the 
water  table  is  very  close  to  the  surface  and  the  pump- 
ing heads  range  from  the  ten  to  fifty  feet,  alfalfa 
can  be  produced  in  large  quantities  and  with  good 
returns  on  the  initial  investment. 

These  conditions  have  led  the  power  companies, 
together  with  the  manufacturers  of  electric  motors 
and  pumping  machinery,  to  make  a  careful  study  of 
the  land,  water  and  climatic  conditions  throughout  the 
State,  in  order  to  give  proper  advice  to  the  farmer 
both  in  the  original  purchase  of  his  land  and  the  class 
of  irrigation  which  he  should  attempt  to  carry  on  in 
that  particular  section.  The  irrigation  of  this  State 
has  been  greatly  developed  also  by  real  estate  con- 
cerns which  have  improved  tracts  for  placing  on  the 
market. 

The  problem  of  irrigation  bv  pumping  may  be 
divided  as  follows : 


where  he  would  gain  by  having  his  own  individual 
pumping  plant.  It  is  found,  however,  that  even  on  a 
gravity  system,  a  man  can  frequently  install  his  own 
individual  plant  and  operate  it  to  better  advantage 
than  he  could  take  water  from  the  gravity  system 
which  is  in  operation  at  that  point. 

One  of  the  principal  advantages  in  having  an 
individual  plant  is  the  fact  that  water  is  available 
just  at  the  time  desired.  On  the  gravity  system,  it 
is  necessary  for  each  person  to  take  the  water  as  his 
turn  comes,  and  if  his  land  is  not  ready  at  the  time 
the  water  is  due,  it  is  probably  necessary  to  wait  from 
ten  to  fifteen  days,  in  order  to  irrigate  his  land.  This 
may  be  the  cause  of  reducing  that  particular  crop 
very  materially,  as  in  alfalfa  a  loss  of  from  one  half 
to  one  ton  per  acre  may  occur.  Therefore,  it  is  eas- 
ily seen  that  by  having  an  individual  plant,  and  being 
able  to  put  the  water  on  the  ground  exactly  when  the 
ground  is  ready  for  it,  the  ma.ximum  returns  can  be 
obtained  from  the  land. 

The  cost  of  operating  an  individual  plant  or  ob- 
taining water  from  an  irrigation  system  is  practically 
the  same,  so  that  there  is  no  particular  gain,  in  most 
instances,  from  the  cost  of  irrigation  standpoint,  in 
a  man  having  his  own  individual  installation.  In  very 
low  head  work,  the  indi\idual  jilant  can  be  operated 
very  cheaplx'. 

A  third  consideration,  howex'er,  which  is  a  most 
important  one,  comes  into  this   selection  of  an  indi- 


vidual   plant    versus    the    gravity    system    and    that 
I— Improving  the  productive   possibilities  of   land   which      j^  j]^^  question  of  fouling  the  land.     All  gravitv  svs- 
had  been  farmed  for  a  great  length  of  time.  '  ,     ,     -  ,  ,       .-  '      • 

tems  have  long  canals  betore  they  get  ti>  the  larmmg 

community  where  the  water  is  used,  and  along  these 
canals,  in  most  cases,  is  waste  land  that  cannot  be 
used  for  any  class  of  cultivation.  Consequently,  there 
are  weeds  of  different  character  growing  on  this  waste 
land  which,  during  seed  time,  blow  into  the  canals 
and  are  given  the  direct  water  transportation  route 
to  the  farm  lands  in  the  lower  country  where  the 
water  is  being  utilized.''    A  careless  neighbor  may  also 


2 — Developing  land  which  heretofore  was  practically  arid 

due  to  insufficient   rainfall. 
3 — The   reclamation    of    land  which  was  a  waste  area,  due 

to  the  presence  in  the  ground  of  different  classes  of 

alkali. 
4 — The   placing  of   individual  pumping  plants  in  systems 

where  gravity   irrigation  has  been  carried  on   for  a 

number  of  years. 

GR.WITV    IRRIGATION    SYSTEM 

Certain  portions  of  the  State  have  long  enjoyed 
the  privileges  of  a  gravity  system  of  irrigation.     Most 
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allow  wccfls  to  grow  on  liis  land  and  blow  into  the 
distributing  ditches,  whicli  will  be  transmitted  to  every 
one  on  tlie  ditch  below  his  ranch.  This  is  not  the 
case  where  a  man  has  his  own  individual  plant.  One 
ranch  in  the  interior,  where  the  land  was  fouled  by 
Napa  thistle,  was  so  badly  seeded  during  one  season 


rainfall   which   wa>   necessary    for  each   season 


Ihe 


FIi;.     I — Pn.MOXA    I)RK1>    WELL    DOL"BI.E-.\CTING,    SINC.I.F.-CYI.IXDER 
PC  .MP 

Belted  to  a  ten  horse-power  induction  motor.     This  pump 
delivers  l6o  gallons  per  minute  over  a  total  head  of  150  feet. 

that  it  took  four  years  to  entirely  remove  the  thistle, 
and,  in  fact,  re(|uired  the  reseeding  of  the  land,  which 
amounted  to  at  least  ten  dollars  per  acre ;  in  addition 
to  which  there  was  the  work  of  cutting  out  the 
thistles  and  the  partial  loss  of  production  of  the  land. 
Another  type  of  fouling  is  of  the  much  dreaded  fo.x- 
tail  in  districts  where  alfalfa  is  grown.  This  weed 
can  practically  be  eliminated  from  a  ranch  that  has 
its  own  individual  water  system.  It  cannot,  however, 
be  kept  off  of  land  that  is  worked  under  a  gravity 
system,  due  to  the  fact  that  it  grows  very  rapidly  and 
also  will  grow  on  any  class  of  land.  These  considera- 
tions have  led  to  the  installation  of  over  ^  500  horse- 
power in  pumping  motors  in  the  district  of  Wood- 
land, Yolo  County,  although  they  have  one  of  the 
best  gravity  systems  in  tlie  State. 

FURTHER  DEVELOPMKNT  OF   PKonf(.  IXC.   PROPERTIES 

There  is  a  large  area  in  California  which,  before 
the  days  of  pumping,  was  planted  in  orchards.  The 
return  from  these  orchards  was  large  when  the  year 
was  good,  but  in  the  case  of  a  dry  season,  the  crop 
would  hardly  warrant  the  picking.  The  farmer  took 
this  as  a  matter  of  course,  and  in  the  lean  year  lived 
on  the  results  of  past  labors.  When  the  hydro-electric 
power  plants  sprang  into  being,  it  was  necessarv  to 
find  a  market  for  their  surplus  power,  and  thev  pro- 
ceeded to  develop  the  pumping  possibilities  in  lands 
which  were  not  favored  with  the  gravity  system  of 
irrigation,  or  where  thev  were  not  favored  with  the 


fact  that  the  farmer  leans  towards  the  idea  that  "what 
father  has  done,  is  good  enough  for  me,"'  made  it 
difficult  to  convert  him  to  the  possibilities  of  orchard 
irrigation,  and  made  necessary  the  installation  of 
demonstration  plants  in  many  districts,  proving  tliat 
water  was  available  in  sufficient  quantities  to  warrant 
installing  a  pumping  plant,  and  also  that  when  the 
water  was  applied  to  the  land,  the  results  obtained 
would  justify  the  expense  of  an  installation.  Several 
\ears  of  consistent  work  have  proven  that  water  ap- 
I'lied  at  the  proper  time  to  trees  or  vines  will  give, 
not  (inly  increased  production  but  better  fruit. 

In  the  Santa  Clara  \'alley,  known  as  the  home 
of  tlie  prune,  even  in  years  of  normal  rainfall,  it  is 
found  that  by  scientific  irrigation  the  quantity  of 
prunes  can  be  increased  from  twenty  to  forty  percent 
and  the  quality  from  60-70  grade  to  a  30-40  grade. 
At  the  time  of  writing  this  article.  60-70  grade  prunes 
were  quoted  at  si.x  cents  per  pound,  while  the  30-40 
grade  was  quoted  at  seven  cents  per  pound,  in  San- 
Francisco. 

Through  this  particular  \'alley,  the  pumping  i.s 
done  ordinarily  with  deep  well  pumps.  This  is 
made  necessary  by  the  fact  that  the  water  table  varies 
from  fifty  to  seventy-five  feet  in  dejith,  and  also  that 
it  is  obtainable  only  in  limited  quantities.  Figs,  i  and 
2  show  two  dilTerent  types  of  pumps  that  are  installed 
in  this  particular  work. 

It  is  found  that  water  applied  to  almond  trees 
during    the    early    summer    will    prevent    the    muck 


FtC.    2 — BYRON-JACKSON"    TURBINE    PUMP 

Direct  connected  to  a  15  horse-power,  I  135  r.p.m.  verti- 
cal induction  motor.  This  pump  delivers  560  gallons  per 
minute  at  "o  foot  head. 

dreaded  "stick  tight,"  the  stick  tight  being  an  almond 
on  which  the  shell  does  not  loosen  when  the  almond 
has  become  thoroughly  ripened.  One  ranch  in  par- 
ticular affords  a  chance  to  compare  the  effect  of 
scientific  irrigation  during  the  years  of  191 1.  1912  and 
1913.  The  rain  falls  during  these  three  years  were  prac- 
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tically  the  same  in  amount  and  the  time  in  which  they 
fell.  In  191 1,  a  forty  acre  farm  planted  to  almonds, 
depending  entirely  upon  rainfall  for  the  irrigation, 
had  forty  percent  of  the  total  production  result  in 
stick  tights.  This  stick  tight,  of  course,  is  not  an  en- 
tire loss,  but  means  increased  cost  of  handling  and 
is  undesirable  from  an  almond  grower's  point  of  view. 
In  the  Fall  of  191 1,  the  owner  of  this  ranch  installed 
a  15  horse-power  induction  motor,  direct-connected 
to  a  seven-inch  centrifugal  pump.  This  plant  was 
pumping  over  a  total  head  of  twenty-two  feet  from  a 
small  creek  which  ran  adjacent  to  the  ranch.  The 
complete  pumping  installation,  being  of  a  simple  type, 
cost  about  $1  250  installed.  As  soon  as  the  plant  was 
finished,  in  December,  191 1,  the  owner  gave  the 
ground  around  his  trees  a  good  wetting,  putting  on 
about  ten  or  twelve  inches  of  water  per  acre.  He 
did  not  irrigate  again  until  in  June  of  191 2.  At  that 
time  he  made  another  irrigation  of  these  trees,  putting 
again  about  ten  or  eleven  inches  of  water  on  the 
ground.  The  increase  of  crops  was  about  thirty-five 
percent  over  that  which  he  had  obtained  before  and. 


FIG.   3 — TYPICAL    PUMPING   PL.\XT    AND   CONCRETE    DISCHARGE   BOX 

in  addition  to  that,  he  had  only  one  percent  of  stick 
tights  in  the  total  production.  In  1913,  similar  irriga- 
tion was  carried  on  and  the  results  were  practically  a 
duplication  of  what  he  received  during  the  year  1912. 
Considering  that  almonds  range  in  price  from  ten  to 
fifteen  cents  per  pound,  it  is  seen  that  even  a  small 
increase  in  production  very  materially  increases  the 
profits  of  the  land. 

Similar  results  have  been  proven  in  the  culture 
of  peaches  and  apricots.  In  the  district  of  Yuba  City 
in  Sutter  county,  this  development  in  quality  and 
quantity  of  peaches  produced  has  been  repeatedly 
proven.  On  one  thirty-acre  tract  in  particular  it  was 
found  that  the  increased  amount  of  production  on  an 
orchard  by  irrigation  was  forty-two  percent.  The 
quality  was  very  materially  increased,  so  that  instead 
of  getting  a  peach  of  one  and  one-half  or  two  inches 
in  diameter,  peaches  running  from  two  and  three- 
quarters  to  three  and  one-half  inches  in  diameter  w-ere 
obtained.  The  irrigation  of  peaches,  however,  must 
be  watched  very  closely,  due  to  the  fact  that  too  mucli 
water  applied  to  the  ground  late  in  the  season  will 
cause    a    watery    peach    of    very    low    percentage    of 


sugar,  so  that  although  the  peach  will  be  large  and 
will  grow  in  large  quantities,  the  quality  will  be  so 
low  that,  for  canning  purposes,  the  market  value  de- 
creases very  rapidly. 

The  amount  of  water  pumped  per  season  for  the 
above  classes  of  production  varies  with  the  land  that 
is  being  irrigated.  On  the  heavy  soils,  where  fruit 
and  nuts  are  produced,  from  fifteen  to  thirty  inches 
of  water  are  used.  On  the  light  soils  as  high  as 
forty  acre-inches  per  season  are  pumped.  All  of  this 
water  does  not  reach  the  land,  due  to  loss  by  seepage 
and  evaporation. 

DEVELOPMENT  OF  NEW  L.'VND 

The  above  heading  is  not  exactly  correct,  because 
the  land  which  has  been  developed  by  irrigation  has 
been  farmed  for  a  great  number  of  years  for  grain. 
Most  of  the  land  in  this  State  was  formerly  used  for 
dry  farming.  The  value,  however,  has  been  increased 
ver}-  materially,  and  the  character  of  production  of 
the  land  has  been  changed. 

In  sections  of  this  State  where  the  water  table 
runs  from  15  to  40  feet  in  depth,  the  raising  of  alfalfa 
and  sugar  beets  has  gone  forward  very  rapidly.  A 
typical  pumping  plant  with  a  concrete  discharge  box, 
as  used  in  the  alfalfa  and  beet  districts,  is  shown  in 
Fig.  3.  The  building  covers  a  75  horse-power  induc- 
tion motor,  direct-connected  to  a  twelve-inch  cen- 
trifugal pump,  which  delivers  4000  gallons  per  min- 
ute over  a  pumping  head  of  forty  feet.  There  are 
600  acres  of  land  planted  to  alfalfa  and  500  acres  to 
sugar  beets.  Last  year  the  production  from  ichd  acres 
of  alfalfa  land  was  over  800  tons.  The  production  on 
the  beet  land  averaged  eleven  tons  per  acre.  The 
pumping  plant  operated  for  one  hundred  and  eleven 
days,  consuming  184000  kilowatt-hours  during  this 
time.  The  water  is  obtained  from  six  wells  located 
in  a  straight  line  and  with  twenty-five  foot  centers. 
The  pull  down  on  the  pump  is  twenty-seven  feet,  the 
pump  and  motor  being  located  in  a  pit,  seventeen  feet 
below  the  surface.  The  friction  loss  in  the  pipe  is 
rather  high,  due  to  the  long  suction  pipe  required  and 
the  number  of  turns.  The  increase  in  valuation  of 
this   land  may  be  considered  on  the  following  basis : — 

When  producing  grain,  for  which  it  was  formerly 
used,  this  land  was  valued  at  S75  per  acre  and  pro- 
duced, in  an  average  year,  about  twenty  sacks,  which 
could  sell  at  the  rate  of  $1.50  to  S1.75  a  sack,  making  a 
total  production  per  acre  per  year  not  to  exceed  $35- 
The  land  is  now  worth  from  Si 50  to  $250  per  acre  and 
returns  in  alfalfa  from  $95  to  $123  per  acre  during 
the  average  year,  and  the  return  on  beets  will  run  $60 
per  acre. 

By  raising  cattle  on  alfalfa  land,  the  increase  per 
acre  is  much  greater  than  by  simply  raising  the  alfalfa 
and  marketing  it  direct.  Thirty  head  of  stock  can  be 
raised  on  twenty-two  acres  of  land.  Besides  this, 
numerous  chickens  and  hogs  can  be  raised  on  by- 
products from  the  dairy  industry. 

Another   notable    instance  of   the   land    develop- 
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merit  is  that  brought  forward  by  the  Sacramento  \'al- 
ley  Irrigation  Company,  who  are  developing  over 
150000  acres,  under  one  master  system,  by  taking 
the  water  from  the  Sacramento  river  by  vertical  tur- 
bine pumps,  elevating  it  over  a  head  varying  from  one 
to  se\en  feet,  and  using  the  gravity  system  from  this 


FIG.   4 — MAIN-    PUMPING   PLANT   OF   THE    SACRAMENTO   VAU-EY 
IRRIGATION    COMPANY 

point  on.  The  main  jnimping-  plant,  shown  in  Fig.  4, 
is  comprised  of  four  vertical  turbine  pumps,  particu- 
larly designed  for  low  head  operation,  geared  to  350 
horse-power  435  r.p.m.  vertical  motors.  The  motor 
speed  is  reduced  by  gears  to  give  a  speed  on  the 
pumps,  ranging  from  40  to  60  r.p.m.,  the  speed 
changes  on  the  pumps  being  made  by  changing  the 
pinions.  The  capacity  of  this  plant  is  900  second-feet. 
The  land  under  this  project  is  being  developed  for 
both  fruit  and  alfalfa. 

The  ]\Iills  Orchard  Company  are  planting  4000 
acres  of  the  foot  hill  rcsrion  in  the  lower  end  of  the 


FIG.    5 — ONE    HUNDRED    AND    FIFTY    HORSE-POWER 
INDUCTION    MOTOR 

Direct-connected  to  a   12  inch  centrifugal   pump  on   the 
Mills  Orchard  development. 

Sacramento    \'alley   Irrigation    Company's   project    in 

lemons.     This   production   introduces   the   high   head 

irrigation    feature   which    is   warranted   by   the   large 

returns  in  lemon  production.    The  No.  i  plant  of  this 

orchard  development  is  shown  in  Fig.  5.     Thi?  pump 

delivers  4  000  gallons  per  minute  at  a  total  pumping 

head  of  seventy  feet.    The  suction  head  is  about  four 


feet,  the  water  being  taken  directly  from  the  irriga- 
tion canal.  Water  is  delivered  at  the  seventy  foot 
level  and  taken  by  gravity  ditches  to  three  other  plants 
on  this  level.  Five  and  six  inch  pumps  at  these  plants 
pump  into  the  distribution  lines.  Fig.  6  shows  the 
concrete  stand-pipe  used  in  this  distribution,  and 
shows  the  character  of  trees  and  the  method  of  irriga- 
tion. The  pumping  heads  on  these  plants  will  vary 
from  100  to  250  feet,  depending  on  the  point  at  which 
the  irrigation  is  taking  place. 

The  hills  which  were  a  few  years  ago  used  only 
in  grain  culture  and  valued  at  about  $10  or  $15  per 
acre  are  now  covered  with  beautiful  lemon  groves. 
When  the  lemons  are  brought  into  bearing  the  land 
will  increase  in  value  to  from  $1  000  to  $1  500  per 
acre.  This  development  is  made  possible  by  the 
available  electrical  energy  at  a  reasonable  power  rate. 
This  company  also  grows  their  own  nursery  stock, 
and  at  the  present  time  has  the  largest  nursery   of 


FIG.   6 — Ci'N'_;  I   1:      ^:  lii  :;.  WITH    WATER. 

DISTRIBUTION  BY  THE  ORCHARD  MUJ-S  COMPANY  IN  THE  S.\CRA- 

MENTO  VALLEY 


seedling  lemon  and  orange  trees  in  the  world. 


They 

have   over   three    million    trees    at    the   present    time, 
which  will  be  planted  during  the  coming  season. 

ARID  LAND  DEVELOPMENT 

In  the  interior  of  the  Sacramento  Valley  there  is 
a  tract  of  approximately  thirty  to  forty  thousand 
acres  of  what  is  known  as  "goose  land."  This  goose 
land  or.  in  other  words,  alkali  land,  has  a  surface  soil 
which  is  very  heavy  with  sodium  sulphate  and  sodium 
bicarbonates.  the  presence  of  the  salt  in  this  land 
being  due  to  poor  drainage.  The  land,  itself,  is  very 
rich,  being  of  alluvial  nature,  and  when  the  salts  are 
removed,    makes    an    excellent    producer    of    alfalfa. 

It  has  been  left  to  Colonel  Z.  S.  Spaulding  and 
his  engineer,  Mr.  T.  L.  Knock,  to  go  into  this  reclama- 
tion on  a  large  scale  and  with  the  necessary  capital  for 
carrying  it  through.  It  has  been  found  by  him  that 
in'  consistent  draining  and  washing,  the  worst  spot 
could  be  reduced  to  such  a  low  percentage  of  alkali 
in  three  years  that  the  alfalfa  would  grow  and  pro- 
duce very  heavily.  Consequently  he  has  divided  this 
tract  into   forty  acre  tracts,   putting  a  well  on   each 


ii8 


THE  IlLILCTRJC  JOURNAL 


tract,  and  has  started  in  to  make  the  land  a  gfood 
producer  of  alfalfa.  The  water  on  this  tract  is  about 
forty  feet  below  the  surface  and  pulls  down  to  a 
pumping  head  of  from  tifty-five  to  seventy  feet. 
Thus,  to  avoid  the  large  expense  of  installation  of 
putting  down  pits  for  horizontal  centrifugal  pumps, 
he  ado]ited  the  deep  well  centrifugal  pump  for  his 
work.  The  class  of  pumping  installation  he  is  using 
on  this  work  is  shown  in  Fig.  2.  The  entire  ranch 
slopes  to  the  southwest  and  is  crossed  by  drainage 
sloughs.  The  engineers  have  taken  advantage  of 
these  sloughs  in  their  development  and  arc  using 
them  now  to  assist  in  the  drainage  of  their  land.  The 
land  is  first  checked  and  leveled  and  lateral  drains 
cut  through  in  such  a  manner  that  the  water  can  be 
readily  removed  from  any  section  within  a  ]ieriod  of 
a  few  hours. 

It  will  be  noted  that  the  salts  named  have  a 
strong  alTniity  for  water  and  so  their  removal  is 
greatly  simplihed.  The  method  of  removing  them  is 
as  follows : — 

The  land  is  leveled  and  checked  and,  after  drains 


^m. 


FIG.  7 — FI.O.\TING   PUMPING   PLANT  (il     Mol  ;.ION   IRRIGATION    LANP 
COMPANY    IN    SERVICE    NEAR    COLUSA 

are  put  in,  is  sown  to  alfalfa.  The  reason  for  putting 
the  alfalfa  in  is  due  to  its  fertilizing  etifect  as  well  as  to 
its  assistance  in  holding  the  water  on  the  land.  In  flood- 
ing the  land,  about  one-third  more  water  is  applied 
than  would  ordinarily  be  used  in  alfalfa  irrigation.  As 
the  water  seeps  into  the  ground,  the  last  third  is 
drawn  ofT.  This  tends  to  carry  away  in  solution  a 
percentage  of  salts  which  are  contained  in  the  first 
six  inches  of  soil.  The  amount  remo\-ed  b\-  each 
irrigation  will  vary  from  one-half  to  seven  percent 
of  the  total  amount  of  salt  in  the  soil :  this  being  only 
over  the  first  six  inches  in  depth.  As  the  water  is  re- 
moved from  the  land,  the  sun  tends  to  draw  the  salt 
from  greater  depth  than  six  inches  to  the  surface  of 
the  ground.  Thus  the  action  is  repeated  on  the  regu- 
lar irrigation  period  throughout  the  season.  These 
irrigations  vary  from  five  to  six  per  season  and,  with 
a  late  Fall,  even  to  seven  irrigations  in  one  year. 

It  is  found  also  that  approximately  twenty-five 
Iicrcent  of  an  alfalfa  crop  can  be  grown  the  first  year. 
In  the  second  year,  this  crop  will  increase  to  about 
fifty  percent  of  full  crop,  and  in  the  third  year  from 
three-quarters  to  a  full  crop.     Finally,  in  the  fourth 


year,  there  is  such  a  small  percentage  of  salt  in  the 
land  that  it  is  then  producing  a  full  crop  which  will 
run  from  seven  to  ten  tons  per  .season.  The  fact  that 
a  certain  production  of  alfalfa  is  obained  eacli  season 
tends  to  helj)  pay  the  expense  of  the  reclamation  and 
also  tends  to  fertilize  the  soil.  When  this  project  ij 
completed,  there  will  have  been  developed  ready  for 
the  market,  10580  acre  of  the  best  alfalfa  land  ob- 
tainable. Each  forty  acres  will  be  complete  with  its 
own  pumping  plant  for  irrigation  purposes  andi.,th'e 
ultimate  purchaser  will  have  fully  developed  land  'HT'- 
which  t(j  begin  work. 

IKKIC.ATIO.X    ox    Kl\i:U    liOTTOM    L.\NI) 

For  a  great  number  of  years  the  river  bottom 
lands  of  the  Sacramento  and  San  Joaquin  \'alleys 
have  been  used  in  alfalfa  raising  and  truck  garden- 
ing. Due  to  the  close  water  level  at  these  points' 
ranging  from  six  to  twelve  feet,  very  little  irrigation 
was  needed  to  produce  a  fairly  good  crop  for  the 
year.  It  is  found,  however,  that  it  will  pay  to  irrigate 
this  land,  and  within  the  last  year  a  great  number  of 
plants  have  been  installed,  some  pumping  from  wells 
and  (jthers  from  the  river.  From  five  to  six  tons  per 
year  without  irrigation,  the  alfalfa  production  in- 
creases to  from  ten  to  twelve  tons  with  irrigation. 
Figuring  alfalfa  at  an  average  of  $10  per  ton, 
it  is  evident  that  it  pays  to  irrigate  this  land.  On 
a  certain  class  of  this  land,  however,  too  much  water 
is  a  great  detriment,  due  to  the  fact  that  some  of 
the  land  is  of  the  peat  variety  and  some  of  heavy 
clay,  since  that  the  water  which  is  held  in  the  soil  tends 
to  cause  souring. 

The  ^F)ulton  Land  and  Irrigation  Company 
have  adopted  a  novel  scheme  for  ri\er  pumping 
which  is  shown  in  Fig.  7.  This  installati  ni  consists 
of  a  twenty-inch  pump  belted  to  a  100  horse-power 
induction  motor,  the  whole  being  mounted  upon  a 
barge.  This  enal)les  them  to  have  fi\e  different 
pumping  points  along  the  river.  From  the  stand- 
point of  the  Moulton  Company,  this  plant  is  advis- 
able, due  to  the  fact  that  they  have  only  one  plant  to 
maintain  and  operate,  which  they  are  able  to  use  for 
the  several  irrigating  points,  due  to  the  diversified 
production  of  their  project,  and  also  because  they  can 
plant  at  different  times,  enabling  theiu  to  use  the 
water  when  it  is  available.  This  makes  a  more  de- 
sirable loatl  from  the  power  company's  standpoint, 
because  they  have  one  100  horse-power  motor  operat- 
ing over  practicallv  five  months  continuously,  while 
if  thev  had  five  individual  plants,  they  would  prob- 
ablv  operate,  to  a  greater  or  less  extent,  at  the  same 
time.  The  jwwer  cost  to  the  consumer  is  reduced,  for 
the  reason  that  he  gets  a  better  power  rate  on  his  con- 
sumption by  having  one  plant  operating  over  a  long 
period  than  he  would  by  having  the  plants  operating  at 
the  same  time.  It  has  also  reduced  the  expense  of 
operation,  as  one  man  can  operate  the  barge  plant, 
whereas  it  would  be  necessary  to  have  five  men   to 
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operate  tlie  individual  plants.  Power  is  served  at 
the  ditYercnt  piunpinjf  points  by  the  Pacific  Gas  &• 
Electric  Company,  with  their  1 1  000  volt  distribution 
lines.  The  transformers  are  mounted  directly  on 
the  boat,  and  consist  of  three  30  k.v.a.,  1 1  000  volt 
transformers,  reducing  to  440  volts  on  the  secondary. 

RICK    IKIUGATIOX 

In  the  upper  Sacramento  \ "alley  there  is  quite  a 
large  acreage  of  adobe  land  which  heretofore  pro- 
duced very  lightly.  The  reason  for  this  is  that  the 
adobe,  after  drying  out,  becomes  so  cracked  that 
alfalfa  and  grain  produce  very  poorly.  It  has  been 
found  bv  experimenting,  that  rice  will  do  well  on 
this  land. 

The  Mouh'Mi  Irrigated  Land  Compaii}-  have  at 
the  present  time  aiiproximately  one  thousand  acres' 
of  their  ranch,  five  hundred  acres  of  which  is  of  the 
adobe  character,  planted  in  rice.  It  is  found  that,  in 
rice  culture,  it  requires  from  five  to  six  acre-feet  of 
water  per  season  tn  bring  the  rice  to  full  maturitv. 
The  ground  is  planted  and  then  is  irrigated  enough 
to  keep  it  moist  for  the  first  month  to  five  weeks.  As 
sonn  as  the  rice  attains  sutiicient  height,  the  ground 

is  flooded   and   kept   until   the  crop 

\_       __T"~~-^,  ^      matures,    which    ranges    from    two 

^^N  ".    and   a  half   to   three   months.     The 

amount  of   water  required  per  dav 

FIG.      8  —   DI.\f,R.\M  ,     ,1  1      ,     •  1. 

SHOWING   MKTH-   to  kccp  the  land   Hooded   is,  on   all 
OD  OF  WATER   classes  of  land  in  this  district,  one- 

MEASUREMEXT     ...  .        ,  ,  .,,,         .^  ^        , 

FOR  EsTiM.\TiNG   half  acrc-incli  per  day.    I  he  .Nbnilton 
PUMP  AND  WELL    Compauv    experimented    with    both 

CAP.\CITY  ' 

the  adobe  land  and  the  lighter  soil 
in  rice  culture,  and  find  that  the  lighter  soil,  although 
requiring  slightly  more  water  to  flood,  does  not  re- 
(|uire  any  more  water  to  keep  the  land  flooded  than 
the  heavier  or  adobe  scnl.  The  lighter  soil  produces 
more  rice. 

There  are  two  varieties  of  rice  being  raised  by 
the  Moulton  Company,  the  Jajwuese  and  the  Italian. 
The  production  of  these  two  varieties  of  rice  is  prac- 
tically the  same,  the  advantage  of  the  Japanese  being 
that  it  matures  earlier,  enabling  it  to  be  harvested  and 
removed  from  the  land  before  the  winter  storms 
begin.  The  production  on  this  land  for  the  last  year 
was  approximately  forty  sacks  per  acre,  the  rice 
ranging  from  ninety-six  to  one  hundred  and  five 
l)ounds  per  sack.  .As  this  culture  is  new  in  this  sec- 
tion of  the  country,  it  is  not  known  how  many  years 
the  land  will  continue  to  produce  rice  in  good  quanti- 
ties. It  is  estimated,  however,  that  every  fourth 
year  the  land  should  be  given  over  to  rest,  and  planted 
to  some  other  class  of  product  which  would  insure  a 
better  return  during  the  other  years. 

The  fact  that  the  adobe  land  can  be  u.;ed  in  rice 
culture  has  increased  its  value  from  approximately 
$12.50  per  acre  to  the  neighborhood  of  $100  to  $125 
per  acre.  The  cost  of  power  for  irrigation  of  the 
rice  land  of  the  Moulton  Irrigated  Land  Companv  is 
$1  per  acre-foot  of  water.  They  pump  from  the  Sacra- 


mento river,  using  a  thirty-inch  centrifugal  pum()  and 
150  horse-power  motor,  the  head  being  22  feet  maxi- 
mum. This  does  not  include  the  cost  of  ditching  nor  the 
interest  and  depreciation  on  the  cost  of  the  plant,  which 
would  probably  increase  the  cost  of  irrigation  per 
acre- foot  to  approximately  $1.35.  It  appears,  how- 
ever, that  the  larger  acreage  which  this  custdmer  is 
able  to  handle,  reduces  very  materially  the  cost  of 
irrigation,  as  proved  by  comparing  the  1912  cost  of 
their  rice  cultivation,  when  they  had  under  cultivation 
two  hundred  acres,  with  that  for  1913,  when  they  had 
under  cultivation  nine  hundred  to  one  thousand  acres. 
There  are  at  least  two  thousand  acres  ai  rice 
being  grown  in  Butte  county,  for  which  the  water  is 
])umped  from  wells.  The  cost  for  water  runs  a  little 
higher  than  it  does  on  the  river  projects. 

resi;r\oir  svste.m 

This  type  of  installation  consists  of  a  reservoir. 
made  by  scraping  a  pit  of  sufficient  area  to  hold  the 
water  pumped  during  a  twelve  to  fourteen  hour 
period.  The  pit  bottom  is  usually  co\ered  with  crude 
oil  to  prevent  seepage.  The  size  is  governed  by  the 
size  of  pump  installed  and  by  the  acreage  under 
irrigation.  The  cost  of  the  reservoir  is  not  high  and  it 
can  usually  be  placed  on  land  that  is  low  in  value. 

In  sections  where  power  is  sold  on  a  flat  rate 
basis,  that  is,  say  $30  for  six  monthts  per  horse- 
power, the  installation  of  a  small  motor  and  a  reser- 
voir have  reduced  the  cost  of  irrigation  very  ma- 
terially. It  also  means  that  the  farmer  with  a  small 
motor  can  get  twice  the  irrigation  head  during  the 
(lay  time,  as  he  allows  the  pump  to  operate  all  night 
and  have  a  full  reservoir  to  start  irrigation  in  the 
morning.  It  also  proves  an  advantage  in  other  dis- 
tricts where  deep  -well  pumping  is  made  necessarv 
and  the  amount  of  water  obtainable  at  any  time  is 
small.  This  enables  the  operator  to  keep  his  plant 
running  the  full  twenty-four  hours  and  to  irrigate 
during  a  period  of  ten  to  twelve  hours,  thus  giving 
him  twice  the  amount  of  water  for  irrigating  during 
the  irrigation  period.  This  enables  him  to  cover  his 
land  with  less  loss  in  water  and  time  than  he  could 
possibly  do  with  a  direct  irrigation  system. 

\V.\TER    MEASURING   METHOD 

The  following  method  of  water  measurement  has 

proven   very  handy    for  estimating   pump  and   well 

capacity.    This  method  is  based  on  the  discharge  pipe 

being  full  of  water  and  the  stream  being  discharged 

in  the  horizontal  plane. 

If  the  discharge  pipe  is  full  at  BD.  Fig.  8.  then 
by  laying  a  straight  edge  along  ABC  and  measuring  a 
distance  BC  so  that  CE  is  equal  to  one  foot,  then  the 
distance  BC  equals  one-fourth  the  velocity  of  the 
stream,  or.  when  CE^i  foot,  BC^li  V.  Know- 
ing V  and  the  diameter  of  pipe  BD,  then  quantitv-  in 
gallons  per  minute  =  2.45  X  (B£>)- X  f.  If  the 
pipe  is  not  full,  this  formula  becomes  simply  an  ap- 
pro.ximation. 
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DURING  the  past  few  years,  some  very  interest- 
ing spider  constructions  for  the  rotating  fields 
of  large  high  speed  alternators  have  been 
built  to  meet  the  severe  speed  requirements.  Some 
of  these  have  been  made  up  of  cast  steel  centers  or 
spiders  with  cylindrical  rims  built  up  of  overlapping 
laminated  punchings,  thoroughly  bolted  together  and 
attached  to  the  spider  by  dove  tails.  The  outer  peri- 
phery of  the  laminated  ring  carries  dove-tail  grooves 
for  poles.  In  another  construction,  the  entire  spider 
consists  of  thick  rolled  iron  plates,  bolted  together, 
and  with  dove-tail  grooves  on  the  outside  for  the 
poles.  In  still  other  constructions,  the  rim  of  the 
spider  consists  of  a  heavy  steel  ring  in  one  or  more 
sections  to  which  the  cast  spider  is  bolted.  Usually 
with  this  cast  rim  the  poles  are  bolted  to  the  spider. 
In  some  cases  the  rim  forms  an  integral  part  of  the 
spider  itself,  being  cast  with  the  spokes  and  hub.  The 
t_\pe  of  construction  adopted  in  each  case  is,  to  a  large 
extent,  dependent  upon  the  stresses  to  be  taken  care 
of,  so  that  no  one  type  seems  to  fit  all  cases  to  best 
advantage. 

THE  PROBLEM   OF  VENTILATION 

In  the  later  rotating  field  alternators  the  problem 
of  ventilation  has  received  much  consideration,  espe- 
cially in  the  case  of  machines  operating  at  abnormal 
speeds.  In  very  high  speed  machines  of  very  large 
output  the  armature  and  field  cores  have  a  ratio  of 
width  to  diameter  which  is  relatively  much  greater 
than  in  ordinary  machines,  and  this  has  necessitated 
abnormal  conditions  of  ventilation.  Something  may 
be  said  here  regarding  the  general  problem  of  ventila- 
tion of  alternators  and  its  influence  on  the  evolution. 
I'.ack  in  1S91  or  1892,  radial  ventilating  ducts  or  pas- 
sages came  into  use  commercially  on  certain  direct-cur- 
rent machines.  The  results  being  quite  satisfactory, 
it  was  natural  that  alternators  should  have  the  same 
method  of  ventilation.  The  use  of  such  ducts  was  in 
reality  one  of  the  great  steps  forward  in  the  evolution 
of  dynamo-electric  machinery,  although  but  little  rec- 
ognition has  been  given  to  this  fact  in  electrical 
literature.  The  use  of  radial  ventilating  ducts  has 
continued  to  the  present  time  with  little  change 
except  in  the  construction  of  the  spacers  them- 
selves, which  have  been  many  and  varied  in  design 
and  materials.  With  the  change  from  the  rotating 
armature  to  the  rotating  field  construction  of  alterna- 
tors this  feature  was  retained  in  full.  In  some  of  the 
earlier  W'estinghouse  rotating  field  machines  the  field 
structure  also  had  numerous  ventilating  ducts,  princi- 
pally for  the  purpose  of  supplying  ample  air  to  the 
r.rn-'ature  ducts.     Also,  about  ten   years   ago,   special 


ventilating  end  bells  and  vanes  began  to  be  used  on 
rotating  fields,  in  order  to  set  up  an  .extra  air  circu- 
lation through  the  armature  end  windings,  etc.,  due 
largely  to  the  fact  that  the  slow-speed  engine-type  ma- 
chines of  that  period  did  not  have  much  natural  blow- 
ing action.  Following  this,  and  partly  as  an  outgrowth 
of  turbo-generator  enclosing,  came  the  semi-enclosed 
alternators,  mostly  for  high-speed  water-wheel  driven 
units,  and  this  practice  is  not  uncommon  at  present. 
The  proper  ventilation  of  an  alternator  or,  for 
that  matter,  of  any  dynamo-electric  machine,  is  very 
much  of  a  problem,  for  no  two  cases,  in  difYerent  sizes 
or  types  of  machines,  are  quite  alike.  The  problem 
lies  first,  in  furnishing  the  proper  quantity  of  air  to 
carry  away  the  heat  developed,  and  in  then  distributing 
such  air  in  proper  proportion  through  the  complex 
multiple  paths  in  the  machine.  The  proper  distribu- 
tion of  the  ventilating  air  is  usually  the  most  serious 
part  of  the  problem.  The  present  solutions  of  the 
problem  are  based  largely  upon  past  experience,  and 
no  really  workable  rules  have  yet  been  developed.  In 
arriving  at  the  present  practice  many  disheartening 
experiences  have  been  undergone  by  all  designing  en- 
gineers. The  writer  has  known  many  cases  where 
totally  unexpected  results,  both  good  and  bad,  have 
been  developed  and,  in  some  of  these  cases,  no  logical 
explanation  was  forthcoming,  so  that  the  results  could 
not  be  taken  advantage  of,  with  any  assurance,  in  fu- 
ture work.  This  has  been  one  of  the  most  discourag- 
ing features  in  the  general  problem  of  ventilation. 

ARMATURE  WINDINGS 

Something  might  be  added  here  on  the  subject 
of  armature  windings.  There  have  been  probably  as 
many  types  of  armature  windings  developed  as  there 
have  been  types  of  alternators.  The  windings  for  the 
earliest  smooth  body  and  the  toothed  armature  con- 
structions have  already  been  described.  In  the  early 
W'estinghouse  polyphase  alternators,  two-phase  was 
used  mostly,  due  principally  to  the  fact  that  single- 
phase  lighting  circuits  formed  the  principal  load,  and. 
with  two-phase  machines,  there  were  only  two  circuits 
from  a  machine  instead  of  three  circuits  with  the 
three-phase  winding.  Moreover,  many  of  these  very 
early  polyphase  alternators  were  used  in  reality  as 
straight  single-phase  machines,  taking  current  ofi  one 
phase  only.  For  this  purpose  a  closed  coil  armature 
winding,  like  that  of  a  direct-current  generator  or  ro- 
tary converter,  with  four  taps  for  taking  oflE  the  two 
phases,  gave  about  the  most  economical  type  of  wind- 
ing, as  far  as  armature  copper  losses  were  concerned. 
When  such  an  armature  is  used  for  single  phase  it 
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can  deliver  seven-tenths  as  much  output  as  a  single- 
phase  machine  as  it  can  give  two-phase  with  the  same 
total  copper  loss  per  coil.  It  was  partly  for  this  rea- 
son that  many  of  the  early  Westinghouse  polyphase 
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FIG.    II — VARIOUS    TYPES    OF    EAKI.Y    STATIONARY 
ARMATURE   WINDINGS 

machines  had  a  single  closed  coil  winding.  Another 
reason  lor  such  winding  was  that  there  were  no  defi- 
nite phase  groui)s  and  no  high  potential  between 
phases.  Furthermore,  the  arrangement  of  the  end 
windings  was  such  that  the  coils  tended  to  interlock 
and  support  each  other,  thus  assisting  in  resisting  cen- 
trifugal forces.  This  winding  was  used  mostly  for 
two-phase  machines,  but  was  also  used  to  a  consider- 
able extent  on  three-phase  armatures. 

With  the  advent  of  the  rotating  field  type  of  ma- 
chine, this  closed  coil  type  of  armature  winding  was 
not  used  to  any  great  extent,  open-coil  two-phase  and 
star-connected  three-phase  taking  its  place.  Delta-con- 
nected three-phase  was  used  in  very  rare  cases,  as 
there  was  danger  of  circulating  current  with  such 
windings. 

In  the  construction  of  armature  windings  possibly 
more  radical  changes  have  taken  place  than  in  the 
types  of  windings.  Many  of  the  larger  low  speed 
rotating  armature  alternators  had  bar  windings  with 
separate  end  connectors,  soldered  or  bolted  on. 
Many  of  the  earlier  stationary  type  armatures 
had  either  built-up  bar  or  strap  windings,  or  concen- 
tric type  windings  in  which  each  phase  winding  was 
arranged  in  a  concentric  group,  and  the  groups  of  the 
different  phases  overlapped  each  other.  Some  of 
these  were  made  with  partially  closed  slots  and  others 
with  open  slots.  The  built-up  bar  or  strap  windings 
were  frequently  of  the  partially  closed  slot  type,  while 
the  concentric  windings  were  more  usually  of  the  open 
slot  type.  Gradually,  however,  both  these  types  of 
windings  were  superseded  by  the  "duplicate  coil" 
type  of  winding,  similar  in  appearance  to  the  usual 
direct-current  armature  and  induction  motor  primary 
windings.  This  later  type  of  alternator  winding  was 
arranged  in  two  layers  of  coils  at  the  ends,  in  either 
one  or  two  layers  in  the  slots.  The  two-layer,  two- 
coil  per  slot  arrangement  is  now  practically  the 
standard.    These  types  are  illustrated  in  Fig.  ii. 

In  the  rotating  field  machines,  partially  closed  slot 
construction  was  carried  to  comparatively  high  volt- 


ages. For  instance,  the  6cxX)  kilowatt,  75  r.p.in.,  1 1  OOO 
volt,  three-phase  generators  built  for  the  Manhattan 
Elevated  Railway  in  1900  had  three  bars  side  by 
side,  in  each  slot,  with    soldered-on   end   connectors. 

As  the  partially  closed  slot  and  the  open  slot  con- 
structions are  radically  different  from  each  other, 
something  should  be  said  regarding  the  reasons  which 
prompted  the  use  of  either  type.  As  already  indicated, 
the  partially  closed  slot  type  came  in  with  the  larger 
rotating-armature  low-voltage  alternators  in  which 
bar  windings  could  be  used.  This  construction  gave 
good  mechanical  support  for  the  bars  in  the  slots, 
thus  avoiding  the  use  of  bands.  Moreover,  with  the 
very  narrow  slot  openings  at  the  top  of  the  slots, 
there  was  very  little  "bunching"  of  the  magnetic  flux 
at  the  armature  tooth  tips  with  the  consequent  low- 
pole  face  losses,  even  with  very  small  air-gaps,  and 
high  gap  flux  densities.  The  disadvantages  of  the 
partially  closed  slot  is  found  largely  in  the  type  of 
windings  required. 

In  these  early  machines,  it  was  not  found  prac- 
ticable, in  general,  to  use  completely  formed  and  in- 
sulated coils  with  such  slots,  and  therefore,  either 
hand  wiridings  or  built-up  types  of  windiiigs  were 
used.  While  these  were  possible  and  practicable  in 
a  manufacturing  establishment,    yet    such    types    of 


I-IG.    IJ      IIAK    AND    END    CdNNFiTOK    TVl'E    OF    WINDING    WITH 
PARTIALLY   CLOSF.D   SLOTS 

windings  are  usually  difficult  to  repair  by  the  ordinar}' 
operator  inexperienced  in  the  refinements  of  armature 
winding.  \\'hen  it  comes  to  repairs,  the  usual  ma- 
chine wound  coil,  which  is  completely  insulated  before 
being  placed  on  the  armature  core,  is  very  superior 
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but.  in  general,  this  type  of  winding  requires  an  open 
slot  construction.  However,  when  the  stationary 
armature  construction  came  into  general  use,  the  ad- 
vantages of  the  overhanging  tooth  tips  in  supporting 
the  coils  largely  disappeared.     There  remained  there- 


FICS    13— nVPLICATE   COH,  TVPK   OF   WINIUNG.   TWO   COILS    TEE    SLOT 

fore  the  disadvantages  of  the  flux  bunching,  against 
the  advantage  of  coil  construction,  if  open  slots  were 
used.  However,  the  use  of  laminated  poles,  and  the 
judicious  proportioning  of  the  air-gaps  and  flux  den- 
sities, to  a  great  extent  eliminated  the  losses  due  to 
open  slots.  In  consequence,  the  open  slot  construc- 
tion and  the  duplicate  type  of  armature  coil,  have  ap- 
parently come  to  stay,  in  this  country. 

\'arious  attempts  have  been  made  to  obtain  the 
advantages  of  both  the  open  and  the  partially  closed 
slot  arrangements.  Probably  all  large  manufacturers 
of  alternators  have  tried  some  form  of  magnetic 
wedge,  instead  of  the  usual  fibre  or  wood  wedges 
which  serve  to  retain  the  coils  in  the  slots.  Another 
arrangement  is  the  equivalent  of  combining  two  or 
more  open  slots  in  one,  with  an  over-hanging  tooth 
tip.  which  covers  the  slot  with  the  exception  of  the 
width  of  one  coil.  Two  or  more  completely  insulated 
coils  are  fed  successively  into  the  slot  .opening  and 
arranged  side  by  side.  This  does  not  give  any  nar- 
rower slot  opening  than  with  the  open  slot  construc- 
tion, but  the  number  of  openings  is  reduced  to  one- 
half,  or  one-third.  This  construction  is  used  rather 
extensively  in  the  rotors  of  large  induction  motors, 
but  apparenty  is  but  little  used  in  generators. 

Bracing  of  the  end  windings  against  short-circuit 
shocks  has  been  a  comparatively  recent  practice.  The 
necessity  for  such  bracing  ,has  been  dependent  to  a 
considerable  extent  upon  the  output  per  pole,  and  the 
old  time  machine  seldom  had  such  a  "large  output  per 
pole  that  the  short-circuit  current-rushes  were  suffi- 
cient to  cause  dangerous  distortions  of  the  end  wind- 
ings. However,  such  bracing  was  used  on  the  Niagara 
machines,  previously  described,  and  also  on  the  Man- 
hattan generators  above  referred  to.  These,  however, 
were  very  rare  instances.  However,  with  the  recent 
high-speed,  high-output  water-wheel  generators,   the 


outputs  per  ]><)le  have  become  such  that  some  form  of 
end  bracing  has  become  rather  common. 

Modern  W'estinghouse  machines  of  this  kind  are 
braced  to  stand  a  dead  short-circuit  across  the 
terminals  without  damage  to  the  windings.  Under 
this  condition,  these  large  machines  may  give  a 
momentary  current  rush  of  from  ten  to  twenty  times 
the  rated  full-load  current.  However,  the  bracing  re- 
quired on  the  end  windings  of  such  machines  is  of 
relatively  nnich  less  importance  than  on  turbo-gener- 
ators of  corresijonding  cajiacity.  due  to  the  fact  that, 
in  the  former  class  of  machines,  the  end  windings  are 
relatively  short  compared  with  those  of  turbo- 
generators. 

The  above  description  brings  us  practically  up  to 
date,  as  far  as  the  ordinary  synchronous  alternator  is 
concerned.  No  description  of  the  development  of  the 
turbo-alternator  has  yet  been  given.  This  forms  a 
rather  distinct  development  which  should  follow  at 
this  point  presumably,  but  it  is  thought  advisable  to 
interpolate  here  some  description  of  the  problems  of 
parallel  operation,  e.m.f.  wave  form,  regulation,  etc., 
which  came  into  prominence  and  were  practically 
taken  care  of  previous  to  the  advent  of  the  turbo- 
generator on  a  large  scale. 

r.XKALLEL  OPER.XTION  OF  .\LTF.RX.KT0RS 

One  of  the  great  problems  which  developed  in  the 
operation  of  alternators  was  that  of  the  parallel  run- 
ning of  two  or  more  units.  At  one  time  this  was  a 
verv  serious  question,  Inu  in  recent  years,  it  is  verj- 
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seldom  heard  of.  Considering  the  almost  universal 
practice  of  paralleling  alternators,  which  holds  at  the 
present  time,  one  might  be  led  to  wonder  why  there 
ever  was  any  trouble.  Far  back,  in  the  days  of  the 
high-frequency  surface-wound  alternators,  paralleling 
was  attempted   in  many  cases  and,  not  infrequently. 
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with  cniisiderable  success.  However,  a  failure  in  an 
iittcniiJt  to  parallel,  in  those  days,  usually  meant  the 
destruction  of  the  apparatus.  Those  old  time  surface- 
wuuntl  alternators  usually  had  very  low  self-induction. 
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SO  that,  in  case  of  sudden  short-circuit,  an  enormous 
current  could  flow,  sufficient  usually  to  strip  the  arm- 
ature winding  from  the  core,  by  bursting  the  bands, 
or  otherwise.  A  failure  in  an  attempt  to  parallel  two 
machines  was  practically  equivalent  to  a  short-circuit, 
and  this  usually  meant  destruction  of  the  apparatus. 
However,  if  once  paralleled  successfully,  the  machines 
usually  did  not  act  badly.  One  favorable  condition, 
not  then  appreciated,  was  that  all  these  early  machines 
were  belt-driven.  It  may  be  said,  hovvever,  that  in 
those  days  parallel  operation,  while  considered  possi- 
ble, was  also  considered  more  or  less  risky.  In  the 
pieriod  immediately  following  the  surface-wound  al- 
ternator, parallel  operation  was  very  much  the  excep- 
tion, rather  than  the  rule  and,  when  engine-type  alter- 
nators came  into  use,  paralleling  was  considered  for 
several  vears  as  very  questionable.  At  this  time  the 
situation  was  as  follows : — Belted  alternators  could  be 
paralleled  in  many  cases.  Direct-coupled  alternators, 
it  flexibly  driven,  could  be  paralleled  almost  as  well 
as  belted  machines,  while  direct-coupled  or  engine  type 
generators,  without  flexible  coupling  or  drive,  could 
not  be  relied  on  to  parallel  without  hunting.  It  thus  be- 
came recognized  that  some  flexibility  between  the  gen- 
erator and  its  prime  mover  was  an  important  adjunct 
to  parallel  operation.  This  led  to  the  consideration 
that  the  engine  might  be  back  of  the  difficulty  in  many 
instances,  and  it  was  then  assumed  that  inequalities 
in  the  regular  rotation  resulting  from  insufficient  fly- 


wheel or  from  hunting  governors,  tended  to  cause 
hunting  in  the  generators.  Investigation  showed  that 
such  conditions  did  tend  to  produce  hunting,  but  that 
the  magnetic  conditions  in  the  machine  itself  would 
oftentimes  maintain,  or  even  accentuate,  the  hunting. 
Obviously,  therefore,  the  trouble  was  both  in  the  prime 
mover  and  in  the  generator.  It  was  noted  further 
that  if  the  angular  fluctuations  in  the  driving  power 
were  relatively  small,  hunting  usually  would  be  very 
small,  or  would  not  be  apparent  at  all.  It  was  further 
recognized  that,  with  belt  or  flexible  drive,  which 
tended  to  smooth  out  the  speed  fluctuations  due  to 
the  prime  mover,  the  hunting  tendency  tended  to  dis- 
appear. Attention  was  then  turned  toward  improve- 
ment of  the  prime  movers,  especially  in  engine-type 
machines,  in  order  to  reduce  fluctuations  in  angular 
velocity  by  means  of  heavy  flywheels,  and  by  means 
of  dampers  of  some  sort,  such  as  dashpots,  on  the  gov- 
erning mechanism  of  the  engine.  Much  improvement 
was  accomplished  in  this  way. 

The  Introduction  of  Dampers — During  this  period 
many  atteni]>ts  were  made  to  lessen  the  tendency  of 
the  alternator  to  maintain  hunting.  Investigation 
showed  that,  during  hunting,  the  magnetic  flux  in  the 
tield  poles  shifted  back  and  forth  across  the  pole  faces 
in  time  with  the  hunting,  while  such  action  did  not 
occur  when  there  was  no  hunting.  This  at  once  led  to 
the  theory  that  a  low  resistance  winding  on  the  pole 
face  ,  or  imbedded  in  the  poles,  would  prevent  or  op- 
pose this  flux  shift,  and  thus  assist  in  overcoming 
hunting.  However,  about  this  time,  rotary  converters 
were  coming  into  use,  and  it  was  found  that,  in  such 
machines,  hunting  was  usually  more  severe  than  in 
alternators,  so  that,  in  this  country,  the  first  true  ap- 
plication of  damping  windings  or  devices  to  stop  hunt- 
ing were  ajjplied  on  rotary  converters.  It  was  also 
noted  at  this  time  that  solid  pole  generators  and  rotary 
converters  did  not  hunt  to  the  same  extent  as  did  lami- 
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FIG.    16 — V.VRIOUS    FORMS    OF    DAMPERS 

nated  pole  machines,  and  it  was  correctly  assumed  that 
the  solid  pole  faces  gave  an  effect  similar  to  that  of 
low  resistance  damping  windings.  However,  as  it  was 
desirable  to  use  laminated  pole  tips,  copper  dampers 
on  the  poles  gradually  came  into  use.  Some  of  these 
early  dampers  were  very  crude  in  form  and  type  com- 
pared with  present  constructions.  However,  imperfec- 
tions in  the  construction  of  the  dampers  were  balanced 
to  some  extent  by  the  large  section  of  copper  used 
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and  consequent  low  resistance.  The  earliest  form  of 
damper  used  in  this  country  consisted  of  copper  rings 
surrounding  the  poles  and  copper  tips  overhanging  the 
beveled  pole  edges.  This  was  the  form  most  common- 
ly used  on  converters.  On  alternators,  in  some  cases, 
the  damper  consisted  simply  of  a  low  resistance  ring 
around  each  p(jle.    In  still  other  cases  the  damper  con- 


FIG.    17 — GRID   DAMPERS   ON   FIELD   POLES 

sisted  of  a  heavy  copper  plate  covering  the  pole  face. 
This  latter  construction  was  only  possible  in  machines 
with  large  air-gaps  and  very  narrow  or  partially 
closed  armature  slots.  These  crude  forms  of  dampers 
were  gradually  superseded  by  the  so-called  "grid" 
damper  which  consisted  of  a  copper  grid  surrounding 
the  pole  and  with  ribs  which  lay  in  slots  in  the  pole 
face.  These  various  types  of  dampers  are  shown  in 
Fig.  16.  In  very  few  cases  were  these  old  types  of 
dampers  so  interconnected  as  to  form  a  complete  cage 
winding  around  the  field. 

;\Iany  tests  were  made  at  various  times  to  deter- 
mine the  effect  of  interconnecting  the  grids  on  the 
different  poles  to  form  one  complete  cage.  As  a  rule, 
there  was  no  appreciable  gain,  and  it  was  then  as- 
sumed that  such  interconnection  had  no  material  ad- 
vantages. However,  it  later  developed  that  the  rea- 
son why  interconnectiion  of  the  dampers  did  not  im- 
prove the  damping  action  very  materially,  was  due 
largely  to  the  very  great  amount  of  copper  in  those 
parts  of  the  grid  dampers  lying  between  the  poles. 


same  effectiveness  as  the  old  grid  type,  but  is  much 
more  economical  in  material  and,  being  placed  in  par- 
tially closed  slots,  it  does  not  as  greatly  affect  the  iron 
losses  in  the  machine,  as  was  liable  to  be  the  case  with 
the  open  slots,  generally  used  with  the  grid  damper. 
With  the  gradual  introduction  of  dampers  and 
improvements  in  angular  rotation  of  the  prime  movers, 
hunting  troubles  in  alternators  practically  disappeared, 
and  parallel  operation  presented  no  difficulties,  e.xcept 
under  very  abnormal  conditions.  Apparently  these 
dampers  or  "amortisseurs,"  as  they  are  sometimes 
called,  were  first  proposed  by  the  French  engineer, 
Maurice  LeBlanc,  about  1891.  However,  they  were 
"rediscovered"  in  this  country  by  engineers  who  were 
not  familiar  with  the  above  engineer's  work. 

VOLTAGE   WAVE   FORM 

The  e.m.f.  wave  form  of  alternating-current  gen- 
erators has  been  a  matter  of  much  discussion  since 
the  early  days  of  alternator  design.  The  old  surface- 
wound  machines  gave  a  very  close  approximation  to  a 
perfect  sine  shape,  due  to  the  arrangement  of  the 
winding  and  to  the  very  large  air-gap.  The  first 
toothed  armatures,  with  their  very  small  air-gaps, 
gave  e.m.f.  waves  which  departed  very  widely  from  a 


FIG.    18 — CAGE  WINDI.N'G  TYPE  OK  DAMPER 

The  grid  damper  was  very  effective,  but  was  expen- 
sive in  material,  and  was  not  easily  applied  on  poles 
with  overhanging  pole  tips.  This  type  of  damper  was 
gradually  superseded  by  one  smilar  to  the  usual  cage 
winding  on  the  secondaries  of  induction  motors,  and 
this  is  the  type  which  is  in  most  general  use  at  the 
present  time.     This  construction  has  practically  the 


FIG.    ig — VOLTAGE  WAVE  FORMS 

Of  early  toothed  armature  machines  and  of  later  toothed  ar- 
matures with  larger  air  gaps  and  beveled  poles. 

true  sine.  In  fact,  this  had  about  the  worst  wave  form 
of  any  of  the  alternators  which  have  been  put  out  by 
the  Westinghouse  Company.  It-,  shape  was  some- 
what like  that  shown  in  Fig.  19,  as  would  now  be  ex- 
pected when  the  configuration  of  the  armature  tooth 
tips  is  taken  into  account.  The  later  toothed  arma- 
tures with  large  air-gaps  and  beveled  tooth  tips  gave 
much  better  wave  shapes. 

With  the  advent  of  the  true  polyphase  windings 
and  the  slotted  armatures  with  several  slots  per  phase 
per  pole,  fairly  close  approximation  to  sine  shaped 
e.m.f.  waves  became  common.  In  the  first  Niagara 
Falls  5  000  horse-power,  two-phase  alternators,  the 
voltage  wave  was  slightly  flattened  on  the  top  due  to 
the  fact  that  the  pole  face  width  was  somewhat 
greater  than  the  width  of  each  phase  group  in  the 
armature.  When  very  high  voltages  came  into  gen- 
eral use,  and  especially  in  machines  witli  small  pole 
pitch,  the  number  of  armature  slots  per  phase  per  pole 
was  reduced  to  a  minimum  in  order  to  lessen  the  total 
insulation  space.     In  extreme  cases,  but  one  slot  per 
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phase  \va>  used,  giving  but  two  slots  per  pole  for  two- 
phase  and  three  slots  per  pole  for  three-phase.  Such 
windings  required  special  shaping  of  the  field  pole 
tips  in  order  to  approximate  even  roughly  a  smooth 
wave  form  of  the  sine  shape.  Later  practice,  however, 
has  tended  toward  the  equivalent  of  at  least  two  slots 
per  phase  per  pole,  in  order  to  obtain  better  results. 
Sometimes  the  desired  result  is  obtained  by  the  use  of 
one  extra  idle  or  "hunting"  tooth  per  phase. 

In  the  early  days  of  parallel  operation  of  engine 
type  alternators  which,  as  described  before,  repre- 
sented the  most  difficult  conditions,  great  stress  was 
laid  upon  the  question  of  wave  form  in  some  of  the 
discussions  of  parallel  operation,  and  particularly,  in 
the  operation  of  -rotary  converters  without  hunting. 
(Gradually,  however,  this  question  disappeared  and  it 
became  recognized  that  all  the  cases  of  hunting  en- 
countered could  be  explained  in  some  other  way  than 
by  the  e.m.f.  wave  forms,  and  it  is  now  generally  ac- 
cepted that  about  the  only  effect  on  parallel  operation 
due  to  wave  form  lies  in  possible  circulating  currents 
of  liigher  frequency  than  the  fundamental. 

At  the  present  time,  a  very  close  approximation 
to  the  sine  shaped  wave  is  considered  preferable  for 
general  purposes,  especially  in  transformation  and 
transmission  work.  There  have  been  some  instances 
of  telephone  disturbances  due  to  wave  form  but,  as  a 
rule,  some  local  peculiarities  of  the  distribution  cir- 
cuits have  been  involved  in  this  trouble,  for,  in  other 
cases,  similar  or  even  worse  shaped  waves  have  given 
absolutely  no  telephone  disturbances. 

REGUL.VTION   -WD   COMPOUNDING 

Something  should  be  said  on  the  subject  of  regu- 
lation of  alternators,  for  this  is  a  very  important  char- 
acteristic, and  has  had  considerable  influence  on  types 
and  designs.  The  old  surface-wound  alternators  had 
extremely  good  regulating  characteristics  due  to  their 
low  armature  self-induction  and  low  armature  reac- 
tion consequent  upon  their  large  air-gaps.  The  writer 
does  not  know  what  value  the  current  rose  to,  on 
steady  short-circuit,  compared  with  the  normal  rated 
current,  but  it  was  probably  four  or  five  times  full 
load.  The  current  rush  on  short-circuit  was  probably 
five  times  as  great  as  the  steady  value.  It  is  not  to  be 
wondered  at  that  such  armatures  not  infrequently 
wrecked  themselves  in  case  of  a  dead  short-circuit.  In 
the  later  toothed  armature  types,  the  armature  self- 
induction  and  reaction  on  the  field  were  very  much 
larger,  proportionately,  than  in  the  surface-wound 
machines.  This,  however,  spoiled  the  regulation  and 
some  method  of  compounding  was  used,  as  already 
described.  This  compounding  was  common  practice 
until  larger  capacity  machines,  especially  the  engine 
type,  came  into  use.  Even  some  of  these  latter  were 
compounded  by  commutating  the  armature  current 
(either  directly  or  from  a  series  transformer)  and 
compounding  the  exciter  field  by  means  of  the  com- 
mutated  current.  A  few  of  the  smaller  size  alter- 
nators  were   both    self-excited    and   compounded   by 


commutating  derived  alternating-current  circuits  from 
the  armature.  This,  however,  was  found  to  be  very 
delicate,  as  the  excitation  and  compounding  were 
greatly  aft'ected  by  changes  in  the  power-factor  of  the 
load,  and  by  changes  in  speed. 

One  early  attempt  was  made  to  compound  single- 
phase  alternators  to  correct  for  power-fact'^r.  In  this 
case  the  commutated  armature  current  was  sent 
through  the  series  or  compound  winding  of  the  ex- 
citer. The  brushes  on  the  alternating-current  com- 
mutator were  so  set  that  at  lOO  percent  power-factor 
they  were  commutating  about  the  middle  of  each 
voltage  wave.  In  consequence,  the  current  delivered 
to  the  brushes' was  not  a  true  direct  current  but  con- 
sisted of  a  double  number  of  half  waves,  half  of  which 
were  inverted,  and  the  direct-current  component  of  this 
commutated  current  was  small  and  had  but  little  com- 
pounding effect.  However,  with  change  in  power- 
factor  of  the  load,  the  phase  of  the  current  shifted,  so 
that  at  some  reduced  power-factor,  commutation  oc- 
curred at  the  zero  point  of  the  current  waves  and  the 
resultant  current  was  all  eft'ective  for  magnetizing  the 
exciter  field.  The  total  commutated  voltage  was  very 
low  and  the  commutator  bars  were  shunted  by  a  re- 
sistance so  that  there  was  no  bad  sparking,  even  when 
commutating  at  the  middle  of  the  current  wave.  This 
method  did  actually  compound  fairly  well  for  change 
in  power-factor,  but  the  field  for  such  method  proved 
to  be  very  limited,  for  compounding  of  alternators  fell 
into  disuse  shortly  after  this. 

The  usual  method  of  compounding  on  the  early 
alternators  was  simple  series  current  compounding, 
just  as  in  direct-current  apparatus.  \\'here  the  com- 
mutated current  was  supplied  directly  to  the  field 
compound  winding,  voltages  of  about  30  to  60  volts 
were  most  common  at  rated  full  load.  With  much 
higher  than  60  volts,  there  was  a  liability  of  short- 
circuiting  the  compounding  by  arcing  between  bars  on 
the  commutator.  There  was  also  a  liability  of  arcing 
or  flashing  when  the  phase  of  the  current  shifted  due 
to  change  in  power-factor. 

When  polyphase  rotating  armatures  came  into  use, 
similar  methods  of  compounding  were  resorted  to. 
However,  the  secondary  current  was  a  resultant  of  the 
two,  or  three  primary  currents,  for  each  of  the  pri- 
mary phases  was  carried  around  the  compensating 
transformer  (or  spokes  of  the  armature)  and  the  sec- 
ondary winding  carried  a  current  in  phase  with  the 
resultant  of  the  primary  ampere-turns.  In  the  case 
of  three-phase  windings,  the  direction  of  one  lead  was 
reversed  around  the  compensating  transformer.  Some 
curious  conditions  arose  from  the  phase  relations  of 
the  secondary  current  when  parallel  operation  was 
practiced.  It  was  necessary,  when  parallelling  the 
main  winding,  to  parallel  also  the  compound  winding. 
As  the  compomiding  current  from  each  machine  pul- 
sated from  zero  to  maximum  value  in  each  alterna- 
tion, it  was  necessary  to  so  parallel  the  terminals  that 
all  the  commutated   currents  had   zero  value   at   the 
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same  instant,  otliervvise,  llie  brushes  un  one  ciuiunuia- 
tor  would,  at  times,  short-circuit  the  current  from  the 
other  commulator. 

With  tlic  athcnt  of  hirgcr  Ijelted  machines,  and 
of  engine-type  machines  in  particular,  the  corapounci- 
ing  of  ptilyphase  macliines  was  more  or  less  unsatis- 
factory and  was  ])ractically  alianduned.  To  ci.in'pcn- 
sate  for  the  lack  of  compounding,  better  inherent 
regulations  were  aimed  at  in  the  designs.  This  meant, 
primarily,  machines  which  would  give  comparatively 
large  currents  on  steady  short-circuit,  three  to  four 
times  full  load  being  rather  common,  and  even  si.x 
times  full  load  being  attained  in  some  machines.  Tlie 
momentary  current  rush  at  the  instant  of  short-circuit 
must  have  been  excessive  on  some  of  these  machines, 
due  to  their  very  low  arnialure  self-induction.  How- 
ever, due  to  the  relatively  small  amijcre-turns  per 
pole,  no  very  destructive  distortions  were  found  in 
practice.  This  characteristic  of  the  short-circuit  cur- 
rents was  carried  into  the  rotating  field  construction. 
and  e\en  into  the  early  turbo-generator  work. 

This  [iractice  of  giving  the  alternators  good  in- 
herent regulation  was  expensive  in  a  number  of  ways, 
as  it  usually  meant  higlier  iron  losses  and  less  output 
than  was  possible  otherwise,  with  a  given  size  ma- 
chine, or  a  given  amount  of  material.  Even  at  this 
early  date,  it  was  recognized  that  some  form  of  auto- 
matic field  current  regulator  wdiich  would  maintain 
the  terminal  \oltage  constant,  regardless  of  the  in- 
herent regulation,  would  be  a  very  useful  piece  of  ap- 
paratus. Some  form  of  regulation  which  would  take 
care  of  change  in  power-factor,  as  well  as  load,  was 
the  aim  of  many  designers.  Among  the  ditiferent 
schemes  brought  out,  the  Rice  method  of  compound- 
ing, brought  out  by  the  General  Electric  Company,  is 
of  interest.  This  was  used  principally  with  rotating 
field  alternators.  In  this  scheme,  the  exciter  was 
usually  placed  on  the  same  shaft  as  the  alternator  field, 
and,  in  such  case,  had  the  same  number  of  poles  as  the 
alternator.  The  leads  from  the  alternator  armature  were 
carried  through  the  exciter  winding  in  such  a  way 
that  a  lagging  current,  carried  by  the  alternator, 
tended  to  strengthen  the  field  of  the  exciter  by  shift- 
ing the  armature  reaction  with  respect  to  the  exciter 
field  poles.  In  this  wav  a  compounding  action  on  the 
exciter  was  obtained  which  was  practically  in  propor- 
tion to  the  demands  of  the  alternator  field  with  vary- 
ing power-factor.  In  the  case  of  engine-type  ma- 
chines of  comparatively  low  speed,  the  exciter  was 
geared  to  the  alternator  shaft,  so  that  it  ran  at  a  con- 
siderably higher  speed  and  the  number  of  poles  in  the 
exciter  was  correspondingly  reduced. 

This  method  of  compounding  was  efifective,  but 
the  whole  combination  was  apparently  unduly  com- 
plicated and  expensive.  Furthermore,  it  did  not  give 
the  desired  compensation  under  all  conditions  of  op- 
eration, as  it  would  not  correct  for  changes  in  speed, 

A  later  method  of  compensation  for  power-fac- 
tor was  devised  hv  Alexanderson,  and  was  used  on  a 


limited  number  of  General  Electric  machines.  In  this 
scheme  a  derived  current  from  the  alternator  itself 
was  commutated  in  such  a  manner  that  coinpensation, 
j)roporti<jnal  to  the  power-factor,  was  obtained.  This 
was  a  purely  self-e.xcited  alternator  scheme  and,  like 
all  self-exciting  schemes  in  such  apparatus,  it  was  sen- 
sitive to  speed  changes,  probably  to  a  much  greater 
extent  than  the  Rice  arrangement  above  described.  A 
fundamental  defect  in  all  self-e.xciting  compensated 
alternator  schemes  lies  in  the  fact  that  stability  of  ex- 
citation is  dependent  upon  having  considerable  satura- 
ton  in  the  alternator  magnetic  current  and,  coincident- 
1}-,  if  there  is  such  saturation,  the  compound  current 
has  no  direct  relation  to  the  load  or  power-factor. 
Thus  such  machines  are  either  sensitive  to  speed 
changes,  or  tlieir  compounding  is  only  approximate. 

Following  these  scheme  came  the  use  of  auto- 
matic regulators  of  which  the  Tirrill  is  best  known. 
Iliis  regulator  acts  directly  on  the  exciter  field  by 
short-circuiting  a  resistance  in  series  with  the  field 
winding,  the  range  of  exciter  voltage  being  controlled 
by  the  length  of  time  the  rheostat  is  short-circuited. 
Instead  of  cutting  the  resistance  out  in  steps,  which 
tends  to  give  sluggish  action  in  the  fields,  the  Tirrill 
regulator  cuts  the  whole  resistance  out  each  time,  and 
the  length  of  time  is  varied.  This  results  in  quick 
action.  As  the  regulator  tends  to  hold  constant  volt- 
age at  the  alternator  terminals,  or  on  the  line,  change 
in  power-factor  or  in  speed  does  not  modify  the  action. 
This  type  of  regulator  has  proven  very  effective,  espe- 
cially in  the  case  of  alternators  subjected  to  sudden 
and  violent  changes  in  load,  power-factor  and  speed. 

With  the  advent  of  larger  alternator  units,  in  pro- 
portion to  the  changes  in  load,  the  inherent  regulation 
has  been  made  relatively  poorer,  primarily  because 
better  machines  otherwise  are  thus  obtained.  The 
short-circuit  currents  are  reduced,  and  relatively  lower 
iron  losses,  and  lower  temperatures  or,  higher  out- 
puts with  a  given  temperature,  are  obtained.  This  has 
been  carried  further  in  turbo-generator  design  than 
in  any  other  class  of  alternators,  due  partly  to  funda- 
mental limitations  in  design.  However,  this  poorer 
inherent  regulation  has  proven  to  be  of  no  practical  im- 
portance, where  suitable  automatic  regulators  have 
been  used  with  the  machines. 

One  fallacy  which  was  frequently  found  in  the 
past,  and  which  still  persists  to  some  extent,  is  that 
alternators  should  have  equal  inherent  regulation  to 
parallel  properly.  This  is  based  partly  on  the  feeling 
that  the  field  currents  of  the  alternators  should  vary 
over  equal  range  when  carrying  their  proper  propor- 
tion of  load,  together  with  the  knowledge  that  the  va- 
riations in  field  current  are  dependent,  to  some  extent, 
upon  the  inherent  regulation.  However,  the  fact  that 
the  shape  of  the  saturation  curve,  in  a  given  alternator, 
mav  have  much  more  influence  on  the  excitation,  es- 
pecially at  high  saturations,  is  usually  overlooked. 
{To  be  continued) 


The  Growth  of  the  Central  Station  Power 

Industry 


S.  A. 

THE  PRESENT  day  tendency  in  manufacturing 
is  well  indicated  in  the  growth  of  the  central 
station  industry  which  is  fast  coming  to  the 
position  where  it  will  supply  the  majority  of  the 
power  used  in  manufacturing.  Manufacturers  gener- 
ally are  realizing  that  a  single  large  power  company. 
which  supplies  power  for  many  different  organiza- 
tions, can  sell  that  power  more  cheaply  than  it  can 
be  manufactured  in  smaller  isolated  plants.  Conse- 
quently the  central  stations  have  grown  enormously  in 
the  last  few  years,  and  today  are  producing  nearly 
one-fifth  of  all  the  power  used  in  manufacturing.  The 
rate  of  increase  is  growing  greater  year  by  year,  so 
that  it  will  not  be  long  before  more  than  half  of  all 
the  power  used  in  manufacturing  will  be  supplied  by 
power  companies. 
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FIG.  I — CURVES  SHOWING  RATE  OF  INCREASE  OF  CENTRAL  ST.\TION 
POWER,  AND  ITS  PRECENTAGE  OF  THE  TOTAL  AMOUNT  OF  POWER 
GENERATED  IN  THE   UNITED   STATES 

In  order  th"kt  the  sale  of  any  article  may  continue 
steadily  year  by  year,  or  increase  in  amount,  it  is 
necessary  that  there  be  two  satisfied  sides  to  the 
bargain.  Therefore  it  is  apparent  that  there  must  be 
a  tremendous  army  of  satisfied  users  of  central  station 
jjowcr  all  over  the  country,  or  there  could  not  have 
been  this  phenomenal  increase  in  the  use  of  central 
station  power. 

The  central  stations  generally,  have  been  aggres- 
sively soliciting  power  for  only  a  short  period  of  time. 
However,  the  nation  wide  campaign  for  motor  busi- 
ness which  has  been  carried  on,  has  caused  the 
business  men  of  the  country  to  realize  the  advantages 
of  using  a  power  which  is  really  reliable  as  well  as 


Fletcher 

has  progressed  so  far  that  it  is  safe  to  predict  that 
during  the  present  year,  not  only  will  the  total  amonut 
of  electrical  horse-power  which  will  be  sold  be  equal 
to  the  total  increase  required  by  all  manufacturing 
industries  throughout  the  country,  but  will  actually 
be  nearly  lo  percent  greater,  and  practically  one-half 
of  this  will  be  central  station  power,  or  in  other  words, 
more  than  one-half  of  all  of  the  power  which  will  be 
required  in  the  coming  year  for  additions  to  old  plants 
and  for  new  plants,  will  be  supplied  from  central 
stations. 

These  facts  are  shown  by  an  examination  of 
Fig.  I.  This  covers  only  the  power  used  in  manu- 
facturing, without  including  the  power  used  in  mining, 
and  in  central  stations  or  electrical  railway  stations. 
The  curves  have  been  extended  in  a  conservative 
manner  to  show  the  probable  amount  of  electrical 
horse-power  that  will  be  used  in  the  year  1914,  and 
the  percentage  of  the  total  horse-power  used  in  manu- 
facturing which  this  will  be  at  the  end  of  1914.  It 
is  very  evident  that  in  the  last  four  years,  from  the 
end  of  1909  to  the  end  of  1913,  there  has  been  an  ex- 
tremely rapid  increase  in  the  percentage  of  power 
supplied  from  central  stations,  compared  with  the 
total  power  used  in  manufacturing,  having  increased 
from  9.4  to  17  percent  in  the  four  years,  or  an  ave- 
rage increase  of  1.9  percent  per  year.  It  is  further 
to  be  noted  that  the  rate  of  increase  is  more  rapid 
than  the  average,  and  that  in  the  year  1914  this  may 
be  expected  to  increase  to  19  percent.  As  shown  also 
in  Fig.  I,  this  means  an  increase  in  total  horse-power 
supplied  from  central  stations,  of  640000  horse- 
power. A  part  of  this  power  will  be  in  new  plants 
that  will  be  built  during  the  year ;  a  part  in  old  plants 
which  are  being  extended;  and  a  part  in  old  plants 
which  are  being  changed  over  from  other  forms  of 
power,  and  will  include  some  isolated  plants  which 
have  already  been  electrified  but  which  w-ill  find  in 
1914  that  central  station  power  is  more  economical 
and  satisfactory  than  isolated  plant  power. 

Six  hundred  and  forty  thousand  horse-power  is 
a  large  amount  to  be  added  to  the  central  station  cir- 
cuits in  one  year.  It  must  not  be  thought  that  this 
business  will  come  inevitably  to  the  central  station, 
because  such  is  not  the  case.  If  every  central  station 
manager  gets  his  own  full  share  of  the  business 
throughout  the  country,  at  the  end  of  1914  it  will 
prove  that  as  much  power  as  this  has  been  added. 
This  will  be  true  only  on  the  following  condition : — 
It  is  perfectly  possible  for  each  station  to  receive  its 


convenient  and  economical.     This  favorable  attitude      share,  if  every  person  in  the  central  station  organiza- 
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tion  does  systematically  the  work  assigned  to  him.  It 
devolves  therefore,  upon  the  manager  to  determine 
how  much  is  his  full  share  of  the  business  in  his  ter- 
ritory, and  then  to  set  this  up  as  the  minimum  amount 
of  power  which  he  will  endeavor  to  add  during 
the  year.  He  should  further  separate  this  t.ital 
into  portions  for  each  solicitor,  and  then  stimulate  each 
one  of  his  solicitors  to  try  to  exceed  this  value.  If  this 
be  done  intelligently  it  will  serve  as  a  very  satisfactory 
stimulant. 

A  good  plan  is  for    each    manager    to    make    a 
definite  survey  of  the  power  that  is  available  in  his 
own    territory    by    taking    a    census    of    all    of    the 
places  where  power  can  be  used.     This  census  will 
require    that    the    solicitors    make    a    quick    canvass 
of  every  power  user  and  prepare  a  separate  report  on 
each  one,  showing   the   class   of   business   which   the 
prospect  is  doing,  the  amount  of  power  which  he  will 
require,   the  type  of  power  which  he  is  now  using, 
the  condition  of  his  equipment,  whether  it  is  good  or 
bad,  and  any  other  notes  which  will  help  in  deter- 
mining which  are  the  most  active  prospects  and  which 
will  be  the  most  benefited  by  the  central  station  power. 
These  can  then  be  classified  as  to  the  industries  and 
assigned   to  the   solicitors  by   industries,   rather  than 
by  territories.     Thus,   after   the  manager  has   deter- 
mined how  many  prospects  there  are  in  his  territory, 
and  how  many  in  each  line  of  manufacturing,  it  be- 
comes possible  for  him  to  charge  each  salesman  with  a 
certain  definite  number  of   industries,   each  industry 
having  a  known  number  of  prospects  with  a  known 
total  horse-power  possible.    From  this  it  becomes  pos- 
sible to  make  assignments  which  shall  be  suited  to  each 
man's  ability  and  to  the  class  of  work  which  has  been 

assigned  to  him. 

With  such  a  complete  analysis  of  the  prospects, 
the  manager  has  before  him    a    map    of    the    places 
where  power  should  be  used,   and  can   satisfactorily 
lay  out  circuits  if  it  is  deemed  advisable,  with  a  view 
to  the  amount  of  power  which  will  probably  be  used 
from  that  circuit  within    a    reasonable    time.      The 
manager  himself  also  has  a  very  definite  and  concrete 
idea  as  to  how  much  work  is  assigned  to  each  power 
solicitor,  and  therefore  how  much  business  he  ought 
to  be  able  to  turn  in.     When  a  solicitor  is  assigned  to 
a   certain   section   of    territory,   he   has    no    adequate 
notion  of  how  much  business  is  actually  to  be  had 
in  that  territory.    It  is  only  human  for  a  power  solici- 
tor to  strike  a  gait,  as  it  were,  which  is  not  as  high 
as  it  is  possible  for  him  to  reach,  and  therefore  he 
sets  for  himself  a  certain  amount  of  business  as  being 
a  good  day's  work,  and  this  figure  is  inevitably  too 
low.      However,    if    the    manager    has    a    complete 
analvsis  of  the  territory,  he  has  the  means  to  show 
each  power  solicitor  exactly  where  his  shortcomings 


are  and  how  he  may  raise  his  personal  load-factor. 

By  classifying  the  prospects  according  to  indus- 
tries, each  solicitor  can  select  the  most  promising  in- 
dustry in  his  apportionment  and  work  upon  it  consis- 
tently and  systematically  for  a  certain  length  of  time, 
and  then  later  take  another  industry  and  devote  his 
energies  to  that,  and  so  on.  In  this  way  he  will  be 
able  to  make  a  systematic  study  of  the  requirements 
of  each  industry.  By  this  study,  a  solicitor  will  learn 
how  best  to  apply  the  motors  to  the  machines,  so 
that  the  most  efficient  operation  may  result.  He 
will  sludv  the  requirements  of  the  individual  ma- 
chines   and    the    manner    in    which    the    operators 


handle  them,  and  may  often  be  able  to  suggest  im- 
provements in  the  location  of  the  machines,  which  will 
be  possible  with  motor  drive,  or  in  the  method  of 
routing  the  material  due  to  the  possibilities  of  relocat- 
ing the  machine,  which  will  eflfect  material  economies 
in  the  manufacture.    In  this  way  the  solicitor  becomes 
an  expert  on  each  industry  and  secures  for  his  cus- 
tomers the  maximum  amount  of  work  for  a  minimum 
amount  of  power  used.      On    the    other    hand,    the 
power  solicitor  who  works  by  territories  will  handle 
several  different  types  of  industries  in  a  day,  will  not 
become  familiar  with  the  manufacturing  processes  in 
anv  industry,  and  therefore  will  have  greater  difficulty 
in  securing 'installations  which  will  represent  the  m.ost 
efficient  possible  method  of  drive.    Hence,  he  will  not 
be  liable  to  secure  for  his  customer  the  maximum  ad- 
vantages of  central  station  power,  and  therefore  the 
customers  will  not  be  as  well  satisfied  as  those  of  the 
solicitor  who  studies  each  industry  systematically.     It 
is  inevitable  that  the  solicitor  who  works  by  industries 
will  become  a  specialist  on  each  industry  as  he  takes 
it  up.  and  that  the  man  who  works  geographically  will 
become  a  generalist  who  merely  gets  the  surface  facts 
without  digging  into  the    problem    to    determine    its 
true  merits. 

Therefore,  each  central  station  manager  should 
endeavor  to  secure  an  increase  in  business,  commen- 
surate with  the  total  increase  for  the  entire  country, 
which  would  be  two  percent  of  the  total  new  horse- 
power installed  in  his  territory,  if  all  of  the  power 
in  the  country  were  upon  the  lines  of  the  central  sta- 
tions. This  is  not  the  case,  however,  and  on  the  as- 
sumption that  half  of  the  power  used  in  manufactur- 
ing is  not  at  the  present  time  in  central  station  tern- 
torv.  the  probable  increase  becomes  four  percent  of  all 
of  'the  power  used  in  manufacturing  in  his  territory. 
This  does  not  mean  four  percent  of  the  power  which  is 
not  electrified,  but  four  percent  of  the  total  power,  in- 
cluding that  which  has  already  been  electrified. 

Every  manager  can  therefore  take  at  least  six 
percent  as  the  least  increase  for  which  he  will  work 
for  the  year  1914- 


Reversing  Motor  Planer  Equipment 


A  MOST  interesting  motor 
machine  tools,  both  from  an  engineering 
and  production  viewpoint,  is  the  direct-current 
reversing  motor  equipment  as  applied  to  planers  and 
other  machine  tools  having  a  reciprocating  motion.  It 
has  been  but  a  few  years  since  the  good  features  of 
this  method  of  drive  were  first  appreciated.  At  the 
present  time  the  demand  for  these  equipments  has 
increased  to  such  an  extent  that  the  electrical  builders 
are  able  to  manufacture  and  market  ihem  on  a  com- 
mercial basis. 

A  most  important  feature  of  this  reversing  motor 
drive  over  the  old  system  of  complicated  belts,  pul- 
leys and  shafts  is  the  speed  economy,  often  as  high  as 
44  percent,  that  can  be  obtained  in  the  operation  of 
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application     to      for  the  cutting  up  to  50  feet  per  minute  while  the  re 


FIG.     I— MAGNETIC    TYPE    CONTROL    FOR    REVF.RSI.N'G    PLANER    MOTOR 

The  upper  rheostat  handle  regulates  the  speed  during  the 
cutting  stroke,  and  the  lower  one,  the  return  speed. 

the  planer.  This  is  made  possible  by  the  use  of  the 
adjustable  speed,  commutating-pole,  direct-current 
motor  in  conjunction  with  the  magnetic  type  of  auto- 
matic coivtrol. 

DKTAILS  OF  EQUIPMENT 

The  magnetic  type  controller  is  shown  in  Fig.  i, 
and  a  view  with  the  dust-proof  cover  open  is  shown 
in  detail  in  Fig.  2.  This  apparatus  was  developed 
with  a  view  of  successfully  meeting  the  abnormal  con- 
ditions caused  by  the  constant  starting,  stopping  and 
reversing.  Two  handles  mounted  on  the  front  of  the 
cover  control  the  two  field  rheostats  which  in  turn 
independently  control  the  cutting  and  return  speeds 
of  the  motor.  Thirteen  separate  speeds  in  either  di- 
rection of  rotation  are  available,  which  gives  a  range 


turn  of  the  platen  of  the  planer  can  vary  from  50  to 
100  feet  per  minute.     The  --      I    "  ■        ,on  the 


FIG.    2— MAGNETIC    TYPE    REVERSING     MOTOR    PLANER    CONTROLLER 
WITH   COVER  OPEN 

weight,  dimensions  and  method  of  holding  the  work 
on  the  planer. 

In  order  to  meet  all  of  the  nl.l^t  severe  planer  re- 
quirements of  starting,  stopping  and  reversing  under 
heavy  loads  at  various  speeds,  it  was  deemed  advisable 


FIG.  3—35   HORSE-POWER  REVERSING   PL.\NER   MOTOR 

to  design  a  very  rugged  compound-wound  motor,  such 
as  shown  in  Fig.  3.  The  frame  is  of  solid  steel,  the 
extra  large  bearings  are  oil  and  dust-proof  and  the 
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shaft  is  made  of  axle  steel  of  sufficiently  large  dimen- 
sions to  insure  rigidity.  The  armature,  Fig.  4,  is  small 
in  diaineter  as  compared  with  a  standard  motor  of 
similar  horse  power  rating,  so  that  the  flywheel  effect 
is  low.    The  commutating  poles  insure  sparkless  com- 
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FIG.  4 — 35  HORSE-POWER  REVERSING  PLANER  MOTOR  .\RMATURE 

mutation  over  the  entire  speed  range  of  the  motor. 
It  can  readily  be  seen  that  a  motor  so  liberally  and 
carefully  designed  will  withstand  the  severe  strains 
to  which  it  is  continually  subjected. 

The  motor   is   started   by   means  of    a   pendant 
switch,  after  which  the  reversing  and   speed  adjust- 


FIG.  5 — MASTER  SWITCH 

tnent  are  handled  automatically.  The  operator  is  thus 
able  to  give  his  entire  attention  to  the  cutting  sur- 
faces, and  the  adjustment  of  his  tools. 

The  master  switch.  Fig.  5,  is  mounted  on  the  bed 
and  is  tripped  by  dogs  located  on  each  end  of  the 
platen.  It  is  entirely  enclosed  to  protect  it  from 
chips ;  a  spring  throws  the  drum  to 
the  fonvard  or  reverse  position  with  a 
quick  snap  action.  The  pendant 
switch,  Fig.  6,  is  suspended  over  the 
platen  by  a  flexible  cable  from  the 
controller,  and  may  be  carried  about 
by  the  operator,  enabling  him  to 
start,  stop  and  reverse  the  platen 
from  any  point  within  the  radius  of 
the  cable  length.  It  is,  however,  en- 
tirely independent  of  the  master 
switch,  as  it  is  used  principally  to 
start  the  motor  as  well  as  to  obtain 
an  "inching"  speed  while  the  opera- 
tor is  setting  up  his  work. 

The  controller  is  equipped  with 
protective  devices  so  that  the  platen 
may  be  quickly  stopped  in  case  of  failure  of  voltage 
or  in  the  event  of  an  open  circuit  in  the  shunt  field  of 
the  motor.  This  fully  protects  the  planer,  as  it  pre- 
vents the  platen  from  running  ofif  the  bed  and  thus 
causing  damage. 


«G.   6  —  PENDANT 
CONTROL   SWITCH 


The  difference  between  the  old  and  the  more 
modern  types  of  equipment  is  illustrated  by  Fig.  7, 
which  shows  a  72  by  96  inch  by  24  foot  open  side 
planer,  driven  through  shifting  belts,  and  Fig.  8,  which 
shows  a  60  by  60  inch  by  16  foot  open  side  modern 
planer  equipped  with  a  direct-connected  reversing  mo- 
tor and  automatic  control.  This  planer  weighs  90  000 
pounds,  and  is  designed  to  handle  heavy  rough  work, 
such  as  is  found  in  a  steel  foundry.  It  is  equipped 
with  two  heads  on  the  cross  rail  and  one  side  head, 
while,  depending  on  the  nature  of  the  work,  it  de- 
velops a  cutting  speed  from  14  to  28  feet  per  minute, 
and  a  return  speed  from  28  to  56  feet  per  minute. 

The  two  illustrations,  Figs.  7  and  8,  clearly  show 
the  difference  in  the  auxiliary  apparatus  required  with 
each  method  of  drive.    With  the  non-reversing  motor. 


FIG.   7 — OPEN    SIDE  PLANER,  BELT   DRIVEN    By    A    NON- 
REVERSING    MOTOR 

Note  the  numerous  belts,  shafts  and  pulleys. 

an  elaborate  system  of  belts,  pulleys,  shafts  and  shaft- 
hangers  is  necessary.  This  increases  the  first  cost  of 
the  installation,  while  the  upkeep  of  the  belts  is  very 
expensive.  Additional  overhead  room  is  required, 
which  may  interfere  with  the  free  operation  of  the 
overhead  cranes.  With  the  reversing  motor,  these  de- 
tails are  entirely  eliminated,  as  the  motor  is  direct 
connected  to  the  platen  of  the  planer  through  proper 
gears. 

PLAN    OF   OPER.\TIOX 

The  operator  starts  the  motor  by  means  of  the 
pendant  switch,  which  automatically,  through  the 
magnetic  switches  on  the  control  panel,  brings  the 
motor  to  the  desired  speed,  determined  by  the  setting 
of  the  field  rheostat.    The  platen  travels  in  a  forward 
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direction,  during  which  period  the  cutting  is  per- 
formed, until  the  end  of  the  stroke  is  reached.  At 
this  point  the  master  switch  is  tripped  by  the  dog  on 
the  platen,  thus  almost  instantly  bringing  the  motor 
to  rest  electrically  and,  through  a  second  set  of  mag- 
netic switches,  accelerates  it  in  the  return  direction. 
At  the  opposite  end  of  the  stroke  the  master  switch  is 
tripped  by  the  other  dog,  the  motor  again  comes  to 
rest  and  the  cycle  of  operation  continues. 

The  length  of  the  stroke,  when  once  fixed,  is 
found  to  be  much  more  nearly  constant  than  is  the 
case  when  belt  drive  is  used,  as  belt  slippage  is  en- 
tirely eliminated  by  gearing  the  motor  directly  to  the 
platen. 

ECONOMY  PRODUCED  BY  THE  REVERSING  MOTOR 

On  belt-driven  planers  the  productiveness  of  the 

tool  is  limited  by : — 

I — Belt  slippage. 

2 — Flywheel   inertia  of  the  pulley. 
3 — One  cutting  speed  available  in  most  cases. 
4 — One  return  speed  available  in  most  cases. 
5 — Time  lost  due  to  breaking  and  repairs  of  belt,  coutiter- 
shaft  and  to  main  Hnc  shaft. 


FIG.    8 — OPEN    SIDE    PL.\NEB,    WITH    -ADJUSTABLE    SPEED    REVERSING 
MOTOR   .\ND   .\IT0M.\TIC   CONTROL   EQUIPMENT 

Note  the  absence  of  belts,  shafts  and  pulleys. 

The  productiveness  of  the  tool  is  increased  when 
the  reversing  outtit  is  employed  because : — 

I — There  is  no  belt  slippage. 

2 — The  flywheel  inertia  of  the  pulley  is  eliminated. 

3 — The  cutting  speed  is  adjustable;  the  most  economical 
speed  can  be  used  at  all  times  for  different  cuts  and 
materials. 

4 — The  return  speed  can  be  adjusted  to  suit  the  mount- 
ing and  the  inertia  of  the  work  on  the  planer  bed. 

5 — There  are  no  belts  and  counter-shafts  to  be  repaired 
and  no  time  lost  thereby. 

6— Time  is  saved  in  setting  up  the  work,  due  to  the 
possibility  of  moving  the  planer  a  fraction  of  an 
inch,  at  will,  with  the  master  switch  or  with  the 
pendant  switch. 

COST  OF    M.'MXTENANCE 

^^'here  belts  are  used,  maintenance  charges  will 
include : — 

I — Cost  of  labor  and  materials  for  replacement  and  re- 
pairs of  belts. 


2 — Cost  of  labor  and  materials  for  pulley  and  counter- 
shaft repairs. 

3 — Value  of  time  lost  by  making  repairs. 

4 — Cost  of  general  maintenance,  oiling  pulleys,  tighten- 
ing belts,  etc. 

5 — Maintenance  of  motor  and  control. 

Where  the  reversing  motor  is  used,  items  /,  2,  j 
and  4  are  eliminated.     Item  5  will  be  the  same  for 

TABLE  I— PLANER  OPERATING  EXPENSES 
Dollars  per  machine-hour 


t            1          1          2 

Int.  and 
Size  of        Dep.  on 
rianer         Cost  of 
Tool 

3 

Cost  of 
Power 

4                        .5          I          6 

General           .SuPer-  .       Total 
Operating       vUion  and    Macblne- 
fctpense          9".?^^'          Hour 
Work           Rate* 

Inches 
3« 
48 
56 
60 

72 
120 
120  Heavy 

130 
168 
168  Heavy 

t0.04 
0.09 
0.12 
0.18 

0.19 
0.28 
0.82 

0.22 
0.60 
0.97 

10.02 
0.02 
0.04 
0.04 

0.04 
O.Ot 
0.06 

0.06 
0.06 
0.06 

S0.49 
0.59 
0.69 
0.70 

1.05 
1.26 
2.04 

2.66 
2.79 
3.89 

SO.io 
0.30 
0.36 
0.35 

0.64 
1.13 

1.35 
1.42 
2.14 

10.80 
1.00 
1.20 
1.27 

1.81 
2.22 
4.06 

4.29 
4.87 
7.06 

either  method  of  drive.  The  cost  of  the  first  four 
items  varies  considerably  for  different  shops,  depend- 
ing largely  on  the  working  conditions  and  no  specific 
figure  can  be  given. 

The  operating  expenses  of  all  machine  tools  can 
be  expressed  as  machine  hour  rates,  and  depend  on : — 

I — The  size  of  planer. 

2 — Interest  and  depreciation  on  cost  of  tool. 

3 — Cost  of  power. 

4 — General  operating  charges,  based  on  general  re- 
pairs and  replacements,  storage,  hauling,  tool  room 
charges,  interest  and  depreciation  on  cost  of  build- 
ing and  au.\iliary  apparatus,  such  as  cranes,  lights 
and    other    miscellaneous    operating   expenses. 

5 — Salaries  for  supervision  and  clerical  work. 

Table  I  contains  those  values  for  planers  in  a 
large  shop,  doing  a  variety  of  work,  based  on  2  800 
hours  per  year  operation  with  a  charge  for  power  at 
two  cents  per  kilowatt-hour. 
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FIG.   9 — C0MP.\RAT1VE  OPER.\TION,   BELT   DRIVE   .\ND  REVERSING 
MOTOR  DRIVE 

In  Fig.  9  is  shown  data  obtained  from  an  actual 
test  of  a  belted  planer  and  also  a  reversing  planer 
motor  equipment.  The  depth  of  cut,  the  feed  and  the 
length  of  stroke  was  the  same  in  each  case.  The  re- 
sult of  this  exhaustive  test  shows  an  increase  of  pro- 
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duction,  where  the  reversing  motor  outfit  was  used,  of 
approximately  33  percent,  with  a  corresponding  de- 
crease in  the  amount  of  power  consumed.  In  prac- 
tical results,  the  reversing  motor  equipment  has  in- 
creased the  output  of  planers  33  percent,  thus  reduc- 
ing by  2>Z  percent  the  labor  charge  and  the  machine 
overhead  charge  entering  into  the  cost  of  each  piece 
of  work. 

While  the  cost  of  power  is  a  small  portion  of  the 
cost  of  operation,  it  is  worth  considering  and  shows  a 
saving  in  favor  of  the  reversing  planer  motor.  With 
belt  drive,  the  motors  and  belts  run  much  of  the 
time,  while  the  planer  is  doing  no  work,  that  is  be- 
tween jobs  and  while  setting  up  the  work.  On  ac- 
count of  the  friction  in  the  pulleys,  belts  and  shafts, 
measurements  show  that  such  planers  require  almost 
25  percent  more  power  per  unit  of  output  than  when 
driven  by  reversing  motors.  Integrating  meter  read- 
ings on  motor  driven  applications  show  the  following 
records  for  a  period  of  two  weeks: — 

Total  Kilowatt-  Kilowatts 

Hours  Hours  per 

Operated  Total  Hour 

Kon-reversing  motor,    belt   drive..   103.5  490  475 

Reversing   motor   drive 99-5  38o  3.92 

Fig.  10  shows  an  oscillograph  record  covering  a 
cycle  of  operations  of  a  planer  equipped  with  a  re- 
versing motor.  The  instrument  was  connected  to  in- 
dicate the  line  current  during  acceleration  and  cutting. 


and  to  show  the  armature  current  generated  during 
dynamic  braking.  The  fact  that  this  peak  does  not 
occur  on  the  line  is  one  advantage  of  dynamic  brak- 
ing. An  additional  advantage  lies  in  the  fact  that 
when  the  planer  is  reversed  less  current  is  required 
than  is  the  case  with  the  belt  driven  planer.  In  the 
latter  case,  power  must  be  supplied  from  the  line  to 
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FIG.     10 — OSCILLOGRAPH    RECORD   OF   REVERSING    PLANER    ilOTOR 

stop  the  moving  parts  and  accelerate  them,  whereas 
with  the  reversing  drive,  power  to  accelerate  the  mov- 
ing parts  only  is  supplied  from  the  line. 

This  general  type  of  adjustable  speed  reversing 
equipment  also  furnishes  an  economical  method  of 
drive  for  slotters,  millers  and  other  machine  tools 
having  a  reciprocating  motion. 


Placer  Mining  With  Bucket  Dredges 


W.   M.   HOEN 


IX  THE  PAST,  placer  mining  has  furnished  a  large 
portion  of  the  world's  gold  supply,  but  to-day  the 
richest  places  are  exhausted,  so  that  operations 
are  chiefly  on  a  large  scale  working  low  grade  de- 
posits. In  the  early  days  of  the  mining  industry  in 
California,  placer  mining  was  done  on  a  large  scale 
by  hydraulic  sluicing.  This  method  is  now  practically 
obsolete,  due  somewhat  to  legislation,  'but  chiefly  be- 
cause large  amounts  of  water  and  favorable  locations 
are  necessary. 

The  lower  grade  deposits  require  a  method  of 
working  whereby  large  amounts  of  gravel  can  be 
handled  at  a  low  unit  cost.  The  result  of  these  re- 
quirements is  seen  in  the  development  of  the  ladder 
dredge,  and  such  dredges  in  their  present  sizes  as  well 
as  their  successful  operation  would  not  be  possible, 
except  for  the  utilization  of  electric  power. 

NATURE   OF   GROUND   .\ND   MECn.\NIC.\L   REQUIREMENTS 

Placer  deposits  are  of  alluvial  origin  and  may 
^ither  be  on  the  surface  or  covered  with  overlying 
rock.  Of  these,  the  more  iinportant  are  on  the  sur- 
face, overlying  bed  rock  in  depths  of  varying  thick- 
ness, and  to  take  care  of  this  range  of  depth,  dredges 
are  in  operation  which  dig  as   far  as  70  feet  below 


the  water  line.  The  deposit  may  consist  of  gravel 
which  is  either  loose  or  so  firmly  cemented  as  to 
resemble  conglomerate.  The  highest  gold  values  are 
found  close  to  bed  rock  so  that  the  digging  ladder 
and  buckets  of  a  dredge  must  be  capable  of -working 
under  the  most  severe  conditions.  The  wear  on  the 
buckets,  line  and  tumblers  is  so  severe  that  they  must 
be  made  of  manganese  steel.  The  buckets  vary  in 
size  from  1.5  to  16.5  cubic  feet, 'and  the  power  re- 
quired for  a  bucket  of  a  given  size  will  vary  with 
the  nature  of  the  ground. 

DESCRIPTION  OF  DREDGE 

Gold  dredges  which  are  floated  in  a  small  pond 
may  diflfer  in  their  various  details.  The  buckets  may 
be  open,  that  is,  with  a  bucket  on  every  other  link 
of  the  chain,  or  close-connected,  that  is  with  a  bucket 
on  every  link  of  the  chain ;  it  may  be  held  in  position 
by  head  lines  or  by  spuds,  depending  upon  the  na- 
ture of  the  ground ;  the  disposition  of  the  waste  may 
be  by  a  conveyor  belt  and  stacker  or  by  a  long  trough 
or  sluice.  The  latter  type  however  has  a  very  limited 
field  of  operation. 

The    main    features    of    a    gold    dredge    are: — 
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Digging  ladder  and  bucket  chain,  tromniel  or  screen, 
hoist  for  raising  ladder,  hoist  for  lateral  motion  of 
dredge,  hoist  for  moving  stacker  and  spuds  (some- 
times combined  mechanically  with  lateral  motion 
hoist),  stacker  and  conveyor  belt  and  pumps. 

The  endless  bucket  chain  passes  over  a  large  tum- 
bler at  the  top  end  of  the  ladder,  which  is  driven 


Vh,.     I (1.\E   OF    THK    l.AKoK^i     uuJ.i-iiKKIi.  ,1-..-     i  N     THK.    WURLU 

Each  bucket  has  a  capacity  of  16.5  cubic  feet,  and  weighs 
4890  pounds. 

through  several  massive  gear  reductions.  The  ladder 
and  gear  mechanism  is  mounted  on  two  heavy  timbers 
or  steel  beams  running  the  length  of  the  dredge.  On 
the  majority  of  the  dredges  the  last  reduction  between 
the  gear  shaft  and  motor  is  made  by  a  belt,  while 
the  other  characteristic  type  uses  a  gear  reduction 
to  the  motor. 

CHARACTERISTICS  OF  DIGGING  LO.\D  .\XD  TYPE  OF  MOTOR 

When  starting  a  new  cut  the  ground  is  generally 
light,  the  buckets  fill  easily  and  are  operated  at  the 
maximum  speed.  The  nature  of  the  ground  may  vary 
greatly  throughout  a  digging  cycle.  As  depth  or 
heavier  ground  is  reached,  more  power  is  required 
and  the  buckets  will  not  fill  so  rapidly  so  that  it  is 
necessary  to  operate  at  a  reduced  speed.  The  service 
is  very  severe,  heavy  shocks  being  caused  by  the 
buckets  slipping  over  large  boulders.  At  times,  these 
overloads  are  so  severe  that  there  is  danger  of  part- 
ing the  bucket  chains  if  no  relief  measures  were  pro- 
vided. This  sometimes  happens  and  causes  a  serious 
delay  to  production.  It  is  inadvisable  to  have  the 
motor  circuit  breaker  open,  as  a  stoppage  causes  con- 
siderable delay,  and  several  delays  during  the  day 
would  seriously  afYect  the  yardage  output. 

To  reduce  the  ma.ximum  stresses  caused  by  these 
severe  shocks,  a  friction  clutch  is  placed  in  the  gear 
reduction  mechanism  and  adjusted  to  slip  at  the  maxi- 
mum loads.  This  class  of  service  requires  a  motor 
of  the  wound  rotor  type  capable  of  giving  maximum 
horsepower  output  at  reduced  speeds. 

CONTROL  APPARATUS 

The  control  apparatus  for  the  digging  motor  is 
generally  placed  in  the  pilot  house,  which  is  at  a  con- 


siderable distance  from  the  motor.  When  operating 
at  the  maximum  speed,  this  extra  resistance  due  to 
the  rotor  leads  is  beneficial  when  these  heavy  momen- 
tary overloads  occur,  as  the  friction  clutch  does  not 
always  slip  as  intended  and  the  momentary  slowing 
down  of  the  motor  will  take  place  without  any  open- 
ing of  the  motor  circuit  breaker.  These  momentary 
peaks  are  very  frequent,  and  if  the  bucket  chain 
were  not  slowed  down  momentarily  a  shut-down 
would  result. 

On  a  large  dredge  the  resistance  grids  required 
for  the  control  will  take  up  considerable  space  and 
require  a  large  amount  of  wiring.  On  one  of  the 
new  dredges  described  later,  a  liquid  rheostat,  such 
as  is  used  in  hoisting  service,  is  installed  in  the  pilot 
house.  This  has  greatly  simplified  the  control  prob- 
lem and  is  very  successful.  When  the  motor  is  oper- 
ating at  low  speeds,  considerable  energy  must  be  ab- 
sorbed by  the  rheostat,  and  as  the  pond  water  is  unfit 
for  circulation  in  cooling  coils,  the  electrolyte  is  cir- 
culated by  means  of  a  small  pump  through  cooling 
coils  suspended  in  the  pond,  at  the  side  of  the  dredge. 

NATURE  OF  OTHER   MOTOR  LOADS 

The  operations  of  raising  the  digging  ladder, 
the  lateral  motion  of  the  dredge,  moving  the  stacker 
and  raising  the  spuds  require  motors,  of  ordinary 
heavy  torque  characteristics  as  built  for  intermittent 
service.  The  last  three  operations  are  sometimes 
taken  care  of  by  one  motor  using  a  multiple  drum 
hoist.  Motors  of  the  squirrel  cage  type  are  preferable 
for  driving  the  screen,  if  it  is  belt-driven  and  the 
same  will  apply  to  the  stacker  belt.  Starting  currents 
will  be  heavy,  but  they  will  be  small  compared  to  the 
power  taken  by  the  digging  motor.     The  pumps  are 


FIG.    2 — DETAIL    VIEW   OF    BUCKETS    OF    DREDGF.    SHOWN    IN    FIG.    I, 
WHEN  DREDGE  IS  OPER.\TING  AT  NE.^RLV  ITS  MAXIMUM  DEPTH 

in  several  units  of  the  centrifugal  type  delivering 
large  volumes  of  water  under  low  heads  for  the  gold 
tables  and  at  moderate  head  for  the  screen  jets. 

SWITCHBOARD 

The  switchboard  is  installed  in  the  pilot  house 
and  should  be  as  light  and  compact  as  possible  and 
well  braced  to  withstand  the  heavv  vibrations.     The 
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digging  motor  and  all  operations  relative  to  the  move- 
ments of  the  dredge  are  controlled  from  the  pilot 
house.  One  man  has  entire  control  of  the  digging 
operations  and  is  held  responsible  for  the  yardage 
produced  on  his  shift. 

THE  DREDGING  PROCESS 

The  digging  buckets  elevate  the  gravel  into  a 
screen,  generally  of  the  revolving  type,  and  copious 
streams  of  water  separate  the  pay  dirt  from  the 
coarse  gravel.  In  the  stacker  dredge,  the  gravel  is 
elevated  and  deposited  on  the  spoil  bank.  The  ma- 
terial containing  the  value  is  diluted  with  water  and 
passes  over  the  tables  where  the  values  are  caught  in 
riffles,  these  riffles  being  filled  with  mercury.  In  a 
sluice  dredge,  the  tables  are  in  the  sluice ;  however, 
this  type  of  dredge  requires  much  larger  amounts  of 
water  than  the  other.  At  suitable  intervals,  generally 
once  a  week,  a  clean-up  is  made  which  consists  in 
removing  the  amalgam  from  the  riffles.  The  gold  is 
then  recovered  from  the  amalgam  by  distilling  off 
the  mercury.    The  dredges  are  operated  continuously. 
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unless    climate    conditions    or    shortage    of    water 
interfere. 

A  LARGE  INSTALLATION 

The  following  is  a  brief  description  of  one  of 
the  largest  dredging  installations  in  the  world.  The 
largest  dredge  used  has  a  hull  150  by  58  by  13  feet, 
and  draws  9  feet  of  water.  It  is  one  of  four  operating 
in  the  Alder  Gulch  district  in  Montana.  The  digging 
ladder  is  116  feet  long,  center  to  center,  and  carries 
a  chain  of  80  close-connected  buckets.  The  buckets 
are  of  manganese  steel,  weighing  4890  lbs.  each,  and 
the  connecting  pins  are  of  nickel  steel.  This  bucket 
chain  is  operated  by  a  550  horse-power  motor,  the 
speed  varying  from  22  buckets  per  minute  for  light 
ground  down  to  17  for  heavy.  The  ground  resembles 
conglomerate,  so  that  the  power  requirements  are 
heavy  and  the  wear  on  the  buckets  is  very  severe.  The 
ladder  can  be  lowered  so  that  digging  can  be  carried 
on  53  feet  below  the  water  line.     Its  movement  is 


controlled  by  a  200  horse-power  hoist  motor.  This 
dredge  digs  an  average  of  300000  cubic  yards  per 
month. 

The  elevated  gravel  is  dumped  into  a  revolving 
screen  58  feet  in  diameter,  50  feet  long  and  weighing 
19  200  lbs.  It  is  belt  driven  by  a  100  horse-power 
squirrel  cage  motor.  Several  large  jets  of  water 
wash  the  gravel  as  it  passes  down  the  screen,  and  the 
finer  particles  are  washed  through,  passing  over  the 
gold  tables,  then  into  the  pond.  The  course  gravel  is 
elevated  by  the  stacker  belt  and  deposited  on  the 
bank.  This  stacker  is  130  feet  long  and  contains  a 
48  inch  conveyor  belt  driven  by  a  50  horse-power 
motor.  Water  to  the  amount  of  i  250  gallons  per 
minute  is  supplied  by  several  pumps  in  units  of  100 
horse-power.  Smaller  pumps  are  used  for  handling 
the  bilge  water  and  for  general  uses. 

Two  box  steel  spuds  weighing  approximately  44 
tons  each  hold  the  dredge  in  place  and  are  used  for 
stepping  ahead.  The  lateral  swing  of  the  dre"dge  is 
controlled  by  anchor  lines  and  a  50  horse-power  hoist 
motor.  In  operation  the  dredge  is  moved  back  and 
forth  by  means  of  the  side  lines  about  a  spud  as  a 
pivot,  and  the  digging  ladder  is  lowered  a  given 
amount  at  the  reverse  of  each  swing.  Several  small 
motors  are  installed  for  operating  an  air  compressor 
and  small  shop  tools. 

Although  climatic  conditions  in  this  district  are 
very  severe  at  times,  operation  is  continuous  through- 
out the  year,  a  locomotive  type  of  boiler  being  used 
f'T  heating.  Power  is  supplied  from  a  sub-station 
at  2  200  volts,  except  to  one  dredge,  which  is  supplied 
at  6  600  volts.  The  lower  voltage  is  used  direct, 
transformers  being  installed  on  the  other  dredge. 
Power  consumption  on  each  dredge  of  this  type  will 
vary  from  0.6  to  2.5  kw-hr.  per  cubic  yard  of  material 
handled,  depending  on  the  nature  of  the  ground. 

Of  the  other  three  dredges  in  this  district,  be- 
sides the  large  one  above  described,  two  are  of  the 
stacker  and  spud  type  with  close-connected  buckets  of 
7.5  cubic  feet  capacitj'.  These  dredges  will  dig  35  feet 
below  the  water  line  and  handle  approximately 
looooo  cubic  feet  per  month.  The  third  dredge  is  of 
the  sluice  type  with  close-connected  buckets  of  9.5 
cubic  feet  capacity  each.  This  dredge  requires  15  500 
gallons  of  water  per  minute. 

A  machine  shop  completely  equipped  with  heavy 
machine  tools  is  maintained  for  repair  work  on  each 
of  the  four  dredges  and  a  gasoline  tractor,  with  a 
trailer  having  a  capacity  of  25  tons,  takes  care  of 
transportation  problems. 

Dredges  of  the  larger  size,  having  buckets  of 
15  cubic  feet  or  more,  are  to-day  working  in  ground 
in  which  the  values  run  as  low  as  eight  cents  per 
cubic  yard.  Dredges  of  these  large  sizes  will  some- 
times have  an  operating  cost  as  low  as  two  cents  per 
cubic  vard. 


Typical  Electric  Power  Plant  Costs 
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THE  COST  of  producing  power  is  less  today 
than  ever  before,  notwithstanding  the  fact  that 
the  price  of  fuel  and  labor,  two  of  the  most 
important  factors  affecting  power  cost,  have  increased. 
The  explanation  of  this  rather  remarkable  truth  may 
be  summed  up  in  one  word — efficiency.  This  efficiency 
has  been  effected  by  the  general  progress  in  plant  coi'- 
struction,  operation  and  management,  and  by  the  cen- 
tralization of  power  in  large  stations,  which  are  in- 
herently efticient  owing  to  their  size,  and  by  the  better- 
ment of  the  load  factor  that  always  obtains  as  a  result 
of  the  more  diversified  load  prevailing  in  large  plant-;. 
The  load-factor  referred  to  here  is  the  ratio  of  the 
average  load  during  any  period,  as  24  hours,  to  the 
average  maximum  load  for  one  hour  during  that 
period.  Tlie  average  maximum  load  may  be  more  or 
less  than  the  rated  capacity  of  the  plant,  though  in 
good  plant  design  it  is  always  more  than  the  normal 
capacity  of  the  plant. 

Logically,  the  central  station  scheme  should  be 
carried  to  the  practical  limit  of  never  having  two  sta- 
tions where  one  will  serve.  Other  things  being  equal 
or  not  affecting  the  selection,  one  station  should  be 
used  when  the  economies  produced  are  greater  than 
the  extra  transmission  losses  occurring. 

Nowadays  when  a  pow-er  plant  is  spoken  of,  it 
is  understood,  unless  otherwise  specified,  that  the 
prime  movers  in  the  station  are  turbine  units,  the 
condition  considered  here.  The  cost  of  construction, 
or,  as  more  commonly  called,  the  cost  of  installation, 
complete  from  real  estate  up  to  and  including  all  aux- 
iliary apparatus,  for  a  given  size  of  plant,  is  fairly 
constant  tliroughout  the  country;  as  all  the  power 
and  auxiliary  equipment  is  standard  and  consequently 
the  cost  is  practically  constant.  Local  conditions, 
though,  witli  reference  to  competition  in  the  sale  of 
the  apparatus,  price  of  real  estate  and  quality  of  ma- 
terial used  in  power  house  construction,  do  affect  the 
installation  cost  to  some  extent,  and,  in  some  instances, 
may  cause  quite  an  appreciable  variation  from  the 
general  or  average  case.  However,  the  size  of  the 
plant  does  effect  the  cost  very  materially.  \\'ith  power 
plants,  as  with  anytliing  else  that  might  be  mentioned 
along  manufacturing  and  industrial  lines,  the  unit  cost 
tends  to  vary  inversely  as  the  size  of  plant,  increasing 
quite  rapidly  for  small  plants  and  decreasing  less 
rapidly  for  large  plants. 

The  installation  cost  of  a  plant  affects  the  a:ist  of 
power  produced,  in  that  the  fixed  charges  (sometimes 
called  overhead)  are  a  certain  percentage  of  the  in- 
stallation cost  usually  around  10.5  percent  for  turbine 
plants.  This  is  made  up  of  interest  5  percent,  taxes 
and  insurance  2  percent  and  amortization  fund  3.5 
percent.     The  amortization  fund  covers  obsolescence 
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and  depreciation,  and  is  so  proportioned  that  a  certain 
percentage,  say  3.5  percent,  if  set  aside  annually  and 

allowed  to  accumulate  at,  say,  four  percent  compound 
interest,  will  always  be  of  sufficient  amount  to  make 
any  changes  or  replacement  that  may  be  demanded  in 
the  ordinary  occurrence  of  events.  The  fixed  charges, 
being  a  definite  percentage  of  the  initial  plant  cost, 
will  vary  accordingly   as  the  initial  cost  varies. 

The  total  cost  of  power,  consisting  of  the  operat- 
ing cost  and  fixed  charges,  is  a  fluctuating  quantity, 
depending  upon  two  principal  conditions ;  namely,  size 
of  plant  and  load-factor.  Most  of  this  variation  is  due 
to  the  operating  expense,  which  constitutes  about  80 
percent  of  the  total  power  cost,  and  is  made  up  of  the 
following  items  mentioned  in  the  order  of  their  rela- 
tive importance ;  fuel,  labor,  repairs  and  maintenance, 
oil,  waste  and  supplies. 

Fuel  (coal  being  considered  owing  to  its  almost 
universal  use)  is  by  far  the  largest  factor  in  operating 
cost,  rarely  being  less  than  50  percent  and  sometimes 
as  high  as  80  percent  of  the  total.  The  widest  fluctua- 
tion occurs  in  the  fuel  item  also,  for  in  addition  to 
the  general  factors  of  plant  size  and  load-factor,  there 
is  the  variation  in  the  price  of  fuel  in  different  parts 
of  the  country,  as  well  as  in  the  same  locality,  depend- 
ing upon  the  quality  and  quantity  used.  The  larger 
the  plant  the  better  the  fuel  economy,  as  large  turbines 
are  inherently  more  efficient  than  small  ones,  a  fact 
that  is  also  true  for  the  boilers  and  all  of  the  auxiliary 
apparatus.  As  the  load-factor  falls  oft',  the  fuel  cost 
increases  due  to  increased  steam  consumption  per 
kilowatt-hour  produced,  since  turbines  operating  at 
fractional  loads  are  less  efficient :  and  there  is  also  a 
proportional  increase  in  auxiliary  power  as  the  aux- 
iliaries use  nearly  as  much  power  at  fractional  as  at 
full  plant  load.  The  general  plant  losses  and  ineffi- 
ciencies are  all  proportionally  greater,  the  smaller  the 
plant  and  the  lesser  the  load-factor,  still  further  in- 
creasing the  fuel  item  per  unit  of  power  produced. 

The  labor  cost  follows  the  same  general  trend  as 
the  fuel  cost,  although  it  is  not  so  fluctuating,  tending 
to  be  a  fairly  constant  factor  for  any  given  plant  due 
to  the  fact  that  the  labor  around  a  power  plant  is  of 
the  skilled  or  semi-skilled  class  and,  therefore,  the 
wages  and  salaries  are  practically  uniform  the  country 
over.  For  a  small  plant  the  labor  efficiency  is  very 
low,  as  a  certain  force  is  necessary  to  operate  the 
plant  whetlier  each  individual  is  working  at  his 
normal  rate  all  the  time  or  not.  This  so-called  labor 
efficiency  increases  with  the  size  of  the  plant  until  100 
percent  is  reached,  above  which  point  the  labor  cost 
tends  to  increase  directly  as  the  size  of  the  plant,  al- 
though the  true  proportion  is  never  reached,  as,  for 
instance,  the  labor  for  a  50  000  kilowatt  plant  will  not 
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be  twice  that  necessary  for  a  25  CXX)  kilowatt  plant. 
The  load-factor  does  not  aftect  the  labor  as  much  as 
it  does  the  fuel  item,  as  practically  the  same  labor 
for  a  plant  having  a  75  percent  load-factor  will  be  re- 
quired by  one  having  a  50  percent  load-factor  if  the 
maximum  load  for  the  two  plants  is  the  same.  How- 
ever, this  may  not  be  the  case  if  the  light  load  of  the 
50  percent  load-factor  plant  is  of  sufficient  duration  to 
make  it  practical  to  reduce  the  labor  force  during 
such  times.  Large  plants  warrant  the  installation  of 
labor  saving  devices,  such  as  the  mechanical  handling 
of  coal  and  ash;  such  additions  being  an  economic 
improvement  when  the  extra  fuel  cost  for  operating 
and  the  additional  fixed  charges  are  less  than  the  cost 
of  labor  dispensed  w-ith. 

The  items  oil,  waste  and  supplies,  and  repairs 
and  maintenance  are  rather  indeterminate  quantities, 
although  experience  has  shown  that  they  bear  an  ap- 
proximate relation  to  labor  and  fixed  charges ;  oil, 
waste  and  supplies  being  around  20  percent  of  the 
labor  cost,  and  repairs  and  maintenance  about  15  per- 
cent of  the  fixed  charges. 

TABLE  1— COST  or  INSTALLATION 


Items 


Size  of  Plants^Kilowatts 


5110    I    1000    I    2000        3000        4000 


SOOO 


Building,   real  estate  and  [ 

excavating 16.75  |  li.oO  i  13.25 

Turbines  and  generators....  32.60  i  25.75  1  21.15 

Condensers i  10.60  ;  6.75  |  4.50 

Boilers,  stokers,  superheat-:  I 

ers  and  stacks |  32.65'  28.50  25.50 

Bunkers  and  Conveyors 5.50  5.00  4  50 

Boiler    feel    and    service 

pumps 1.25  1.25  1.00 

Feed  water  heaters 2.00  1.75  l.so 

Switchboard  and  wiring...       3.50  3.25  3.25 

Exciters 4.00  3.(K)  2.00 

Foundation  i machinery)...       1.25  1.25  1.00 

Piping  and  conduits. ........        5.75  5.75  6.00 

Crane. 1.65  1.75  l.,')0 

.'ndine.  enerineer-, 

Ing,  etc 


12.00  :  11.00  lO.CO 
17.30  I  15.80  l.i.OO 
3.90         3.50         3.00 


23.60 
4.00 

0.75 
1.2.1 
3  01) 
1  :.o 
1.00 
6.00 
1.25  I 


21.50 
3..i0 

0.50 
1.00 
2.75 
1.00 
0.75 
6.25 
1.00 


20.00 
3.25 

0.50 
0.80 
2.75 
0.7.5 
0.75 
6.Zt 
0.75 


itending,  engineer- 
tc 

6.S0 

5.00 

4.25  { 

3.75 

S.25! 

300 

Total 

123.60 

103.50 

89.40 

79.30 

71.80 

66.80 

To  substantiate  the  statements  and  assertions  that 
have  been  made  it  seems  pertinent  to  give  some  actual 
figures  on  installation  and  power  costs.  This  data  is 
given  for  central  stations  varying  in  size  from  500  to 
5  000  kilowatts.  A  greater  variation  obtains  within 
this  range  than  for  larger  jjlants,  and  the  points 
brought  out  will  be  more  clearly  appreciated. 

Each  of  the  plants  are  considered  in  Table  I  as 
normal  rated  at  the  size  given  in  the  table.  The  500 
kilowatt  plant,  for  instance,  has  three  200  kilowatt 
normal  rated  units,  a  very  generous  arrangement,  mak- 
ing it  possible  to  operate  the  plant  nicely  with  two 
turbines  running,  the  third  unit  only  being  used  during 
the  peak.  However,  if  one  unit  is  shut  dow-n  for  re- 
pairs the  peak  load  can  be  handled  by  the  remaining 
two  machines,  though  at  reduced  economy,  as  600 
kilowatts  is  considered  as  the  maximum  load  for  this 
plant.  Ample  capacity  is  provided,  such  as  a  spare 
boiler,  extra  boiler  feed  and  service  pumps,  and  other 
extra  apparatus  consistent  with  good  power-plant 
design. 

A  point  in  Table  I  that  may  be  open  to  criticism, 
is  that  the  labor  saving  apparatus  is  not  warranted 


for  the  smaller  plants.  Considering  the  500  kilowatt 
plant,  the  cost  of  labor  dispensed  with  does  not  offset 
the  cost  of  the  extra  fuel  required  for  operating  the 
labor  saving  machinery  and  the  additional  fixed 
charges  for  the  same,  the  total  power  cost  probably 
being  increased  about  three  percent.  The  i  000  kilo- 
watt plant  is  about  the  dividing  line,  above  which  size 
the  favor  would  lie  with  the  labor  saving  machinery. 

All  the  items  in  Table  H  are  self  explanatory  ex- 
cept that  of  fuel,  which  was  calculated  for  $3.00  coal. 
For  simplicity,  the  steam  operating  conditions  of  all 
the  plants  were  considered  the  same,  being  175  pound? 
steam  pressure,  100  degrees  superheat  and  28  inches 
vacuum.  These  conditions  may  be  rather  high  for  the 
smaller  units.  However,  there  would  not  be  much 
difference  in  the  total  power  cost  if  the  steam  pressure 
was  lowered  and  superheat  omitted,  as  the  saving  in 
fuel  due  to  the  more  economic  operating  conditions 
just  about  balances  the  extra  fixed  charges. 

In  central  station  service  the  ideal  condition  of 
100  percent  load-factor  is  never  reached  and  seldom 
approached,  the  condition  of  75  percent  load-factor 


TABLE  11 

—COST  OF  POWER  GENER.iTION 

Size 

Cost  in  Cents  per  Kilowatt-Hour 

of 
Plant 
Kilo- 

Fuel 

Labor 

Oil  Waste 

and 

Repairs 
and 

Main- 
tenance 

Operating 

Fixed 

Total 

watts 

Supplies 

Cost 

charges 

100  Percent  Load-Factor 

500 

0.449 

0.132 

0.026 

0.025 

0.632 

0.14S 

0.780 

1000 

0.364 

0.094 

0.019 

0.021 

0.498 

0.124 

0.622 

2000 

0.328 

0.073 

0.015 

0.018 

0.434 

0.107 

0.5U 

3000 

0.304 

O.Ofi.1 

0.013 

0.016 

0.398 

0.093 

0.493 

4000 

0.289 

0.05B 

0.011 

0.014 

0  372 

n.086 

0.4.5S 

5000 

0.271 

0.053 

0.010 

0.013 

0.347 

0.080 

0.428 

75  Percent  Load-Factor 

500 

0.548 

0.166 

0.033 

0.031 

0.778 

0.197 

0.973 

1000 

0.42.S 

0.116 

0.023 

0.026 

0.593 

0.165 

07,^8 

2000 

0.3S9 

0.0*'< 

0019 

0.021 

0..517 

0.143 

0.660 

3000 

0.3.52 

0.079 

0.016 

0.019 

0.466 

0.127 

0.h9» 

4000 

0.327 

0.072 

0.0U 

0.017 

0.430 

0115 

0545 

5000 

0.308 

0.065 

0.018 

0.016 

0.402 

0.107 

9..509 

50  Percent 

Load-Fact 

M 

■MK) 

0.741 

0.286 

0.017 

0.042 

1.066 

0.296 

1362 

1000 

0..55S 

o.ice 

0.033 

0.03.5 

0.792 

0.248 

1.040 

2000 

0.494 

0.118 

0.024 

0.030 

0.666 

0.214 

0..880 

3000 

0.4SS 

0.106 

0.021 

0.027 

0..592 

O.IilO 

0.782 

4000 

0  402 

0.097 

0.019 

U.021 

0.542 

0.172 

0.714 

5000 

0.3S0 

0.0S8 

0.017 

o.o-" 

0..T07 

0.160 

0.667 

being  considered  very  good  and  only  attained  in  some 
instances.  However,  the  data  given  for  these 
various  load- factors  considered  shows  very  nicely  the 
point  of  varying  power  cost  and  indicates  what  cost  it 
is  possible  to  attain  if  the  plant  load-factor  can  be  im- 
proved. Referring  to  Table  H,  the  total  cost  of 
power,  as  well  as  the  cost  of  each  separate  item,  for 
the  5  000  kilowatt  plant  is  seen  to  be  about  50  percent 
of  w-hat  it  is  for  the  500  kilowatt  plant.  For  a  50  000 
kilowatt  plant  this  same  proportion  would  not  hold 
good,  as  each  separate  item,  and  consequently  the  total. 
decreases  at  a  much  slower  rate  above  5  000  than 
above  500  kilowatts.  Observing  the  difTerence  in  suc- 
cessive pairs  of  items  in  Table  I,  it  will  be  noted  that 
they  become  smaller  as  the  plant  size  increases,  thf 
tendeiicv    being    for    the    item    to    become    constant. 
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Therefore,  the  total  unit  power  cost  for  the  50000 
kilowatt  plant  would  be  about  -5  percent  of  that  of  the 
5  000  kilowatt  plant  or  about  0.33,  0.38  and  0.50  cents 
per  kilowatt  hour  for  load-factors  of  100,  75  and  50 
percent  respectively. 

Owing  to  the  fact  that  the  turbine  is  not  the  only 
prime  mover  used  in  central  stations  it  may  be  of  in- 
terest to  note  briefly  some  comparative  figures  on  in- 
stallation and  power  costs  of  other  types  of  stations, 
such  as  the  gas  engine,  the  reciprocating  steam  en- 
gme  and  the  combination  of  reciprocating  steam 
engine  and  low  pressure  turbine.  The  comparison 
will  only  be  a  fair  one  if  like  conditions  are  consid- 
ered in  each  case  as, .  for  instance,  the  same  fuel. 
Using  coal  as  the  fuel,  the  gas  engine  station  is  at 
once  limited  to  a  producer  gas  lay  out,  which  how- 
ever, conforms  very  well  with  the  other  plants  in 
that  the  producers  in  the  gas  engine  plant  occupy 
the  same  relative  position  as  the  boilers  do  in  the 
steam  plants.  For  simplicity,  only  one  size  of  plant, 
(i  000  kilowatts  normal  capacity),  will  be  considered, 
the  data  and  conditions  for  each  plant  being  the  same 
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J103.5O 
132."/) 
127.I10 
162.50 


as  cited   in  the  turbine  plant  comparisons.     The  in- 
stallation co.sts  of  the  I  000  kilowatt  plants  are  given 
in  Table   III.     This   table   may   be   criticised   on    the 
ground  tint  the  costs  of  the  other  plants  as  compared 
with   the   turbine   are   too   high,   but   when    the   plant 
conditions  adhered  to  are  recalled,  the  data  as  given 
will  be  appreciated  as  being    correct.      The    turbine 
plant  as  designed  was  capable  of  handling  the  maxi- 
mum plant  load  with  one  unit  shut  down,  and  similar- 
ly 'the  other  plants  must  be  capable  of  handling  the 
maximum  load   with   one  of   their   units   shut   d'own. 
To  do  this,  the  gas  engine  plant  will  have  to  have  a 
larger  normal  capacity   than  the   reciprocating  steam 
engine  plant,  which  in  turn  will  have  to  have  a  larger 
normal  capacity  than  the  turbine  plant.     This  is  true 
from  the   fact  that  the  overload  capacity  of  a  tur- 
bine   is    about    50    percent    in    excess    of    its    nor- 
mal   rating,    while    the    overload    capacities    of    reci- 
procating steam   engines   and   gas   engines   are  about 
20  and   10  percent  respectively,    so    that    the    actual 


normal  plant  capacity  is  the  greatest  for  the  gas- 
engine  plant  and  least  for  the  turbine  plant,  though 
the  installation  cost  per  kilowatt  is  considered  for  the 
rating  of  i  000  kilowatts  in  each  and  every  case.  For 
other  sized  plants  the  same  proportional  figures  will 
be  approximately  correct,  and  so,  referring  to  Table 
I  and  preceeding  paragraphs,  the  installation  cost  of 
any  sized  plant  can  be  found. 

The  cost  of  producing  power  for  the  difTerent 
plants  is  given  in  Table  I\'.  For  plants  of  other  sizes 
than  I  000  kilowatt,  as  here  considered,  the  same  pro- 
portion of  values  will  be  approximately  correct.  The 
turbine  economy  however,  is  proportionally  better  for 
larger  units  than  is  either  the  gas  engine  or  recipro- 
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eating  steam  engine,  though  the  reverse  is  true  to 
some  extent  for  smaller  units.  The  fixed  charges  are 
different  for  the  various  plants,  being  11.5  percent 
for  the  gas  engine,  11  percent  for  the  reciprocating 
steam  engine  and  10.5  percent,  (as  before),  for  the 
turbine.  This  difference  is  in  the  item  of  amortiza- 
tion fund,  which  covers  obsolescence  and  depreciation, 
being  4.5  percent  for  the  gas  engine.  4  percent  for 
the  reciprocating  engine  and  3.5  percent  for  the  tur- 
bine. This  may  seem  to  be  discriminating  in  favor  of 
the  turbine  but  experience  has  shown  that  the  above 
percentages  are  quite  fair.  The  other  items  making 
up  total  operating  cost  can  readily  be  approximated 
for  any  capacity  plant  and  so  the  total  power  cost 
may  be  determined. 


Making  Power  Investigations 

B.  H.  Ulrich 
Industrial  Engineering  Company,   Pittsburgh 


BRIEFLY  STATED  the  cost  of  power,  which  is 
line  of  the  important  features  in  the  opera- 
tion plant,  depends  on  three  things : — 

1 — Investment  charges. 
2 — Operating  expenses. 
3 — Uses  of  steam. 

The  first  two  items  can  generally  be '  obtained 
from  the  book  records  but  the  third  can  only  be  ob- 
tained by  careful  tests. 

As  a  general  rule  it  is  safe  to  say  that  any  plant 
which  does  not  use  steam  for  any  purpose  except 
for  power  can  make  a  saving  by  purchasing  power. 
But  when  large  quantities  of  live  and  exhaust  steam 
are  required  for  the  manufacturing  processes,  such  as 
in  paper  mills  or  tanneries,  the  decision  can  only  be 
made  after  very  careful  tests  and  the  exact  amount 
of  steam  required  is  known. 

To  obtain  this  information  accurately  the  services 
of  an  expert  are  usually  required.  An  experienced 
engineer  can  readily  see  what  tests  are  necessary  in 
order  that  the  investigation  be  made  in  the  shortest 
possible  time  and  still  obtain  the  required  information. 

In  making  these  investigations  almost  as  much 
depends  upon  the  engineer  as  upon  the  information 
he  gathers.  He  must  be  skilled  in  electrical  and 
mechanical  subjects  and  must  also  be  a  natural 
mechanic.  In  addition  to  the  above  requirements,  he 
must  be  resourceful  and  tactful,  as  opposition  will 
often  be  encountered  in  making  this  kind  of  an  investi- 
gation. The  men  in  the  power  plant  and  shop  will  re- 
gard the  stranger  with  suspicion  and  even  the  broad 
minded  executive  will  sometimes  balk  at  having  in- 
efficiencies exposed  which  may  reflect  upon  his  man- 
agement. Consequently  the  engineer  must  have  a  pleas- 
ing personality  and  be  able  to  win  the  confidence  and 
support  of  the  men  upon  whom  he  must  call  for  in- 
formation and  help.  He  must  be  prepared  to  doff 
his  white  collar,  put  on  overalls  and  become  one  of 
the  workmen. 

The  first  thing  to  be  done  in  starting  an  investi- 
gation into  the  power  costs  of  any  manufacturing 
establishment  is  to  make  a  careful  survey  of  the  plant 
and  plan  just  what  tests  are  necessary  and  when  they 
can  be  made  without  interfering  with  the  manufactur- 
ing process.  The  engineer  goes  over  the  power  plant 
and  other  buildings  carefully,  making  notes  of  the 
uses  of  steam  and  power.  If  he  has  had  much  ex- 
perience in  this  line  of  work,  the  process  of  manufac- 
ture will  probably  be  familiar  to  him.  If  not  he  must 
learn  the  general  facts  and  conditions  of  manufacture 
as  afTecting  the  use  of  steam  and  mechanical  power. 
After  he  has  obtained  a  general  idea  of  the  layout 
of  the  plant  and  the  conditions  to  be  met  he  makes 
arrangements  to  start  his  tests. 

Complete  information  must  be  obtained  regarding 
the  amount  of  steam  generated,  the  various  uses  of 


steam,  both  live  and  exhaust,  the  amount  of  mechan- 
ical power  used,  the  operating  expenses  and  the  in- 
vestment charges,  and  the  output  of  the  plant,  as  it 
is  very  desirable  to  make  the  report  in  terms  of  cost 
of  power  used  per  unit  of  product. 

As  a  general  rule  the  steam  tests  require  the  most 
time,  so  the  engineer  will  first  decide  what  pipes  must 
be  drilled  in  order  to  connect  the  steam  meters  and 
when  the  tests  will  be  made.  This  work  must  usually 
be  done  at  night  or  during  a  shut  down  period.  The 
engineer  must  endeavor  at  all  times  to  cause  as  little 
confusion  and  interruption  to  service  as  possible. 
The  holes  are  usually  all  drilled  and  tapped  at  one 
time  and  the  proper  test  plugs  inserted.  This  will 
cause  only  one  shut-down  as  the  plugs  are  equipped 
with  valves  and  the  steam  meter  can  then  be  moved 
from  one  place  to  another.  Arrangements  are  next 
made  for  the  installment  of  the  proper  electrical  in- 
struments, if  the  plant  generates  its  own  electricity. 
The  usual  way  is  to  insert  shunts  or  meter  trans- 
formers in  the  bus-bars  behind  the  switchboard.  Then 
the  meters  may  be  installed  and  removed  whenever  it 
is  desired. 

The  engineer  must  be  supplied  with  indicating, 
integrating  and  graphic  electrical  instruments,  graphic 
steatn  meters,  steam  engine  indicators,  graphic  speed 
meters,  tachometers  and  stop  watches.  Of  course  it 
should  be  known  in  advance  whether  the  plant  to  be 
tested  has  alternating  or  direct-current  generating 
equipment.  The  most  important  instruments  used  are 
the  graphic  ones.  An  exact  knowledge  of  the  existing 
conditions  in  tb.e  plant  is  essential  if  the  investigation 
is  to  have  any  value.  This  knowledge  may  be  ob- 
tained by  keeping  continuous  records,  by  personal 
readings  or  by  the  use  of  graphic  instruments. 
Graphic  instruments  have  the  advantage  over  the 
personal  observations  because  they  eliminate  the  per- 
sonal equation  and  expense.  They  also  furnish  a 
continuous  record  for  as  long  as  desired.  \'aluable 
information  may  be  obtained  as  to  the  best  methods 
of  economizing  in  operating  expenses  by  continuous 
records  as  obtained  with  a  graphic  meter.  They  will 
show  any  inefficiencies  in  the  handling  of  the  ap- 
paratus. 

The  operation  of  some  of  the  instruments  used 
is  so  well  understood  that  no  description  of  them  is 
necessary*  but  several  of  those  now  used  are  com- 
paratively new  and  a  brief  description  of  their  opera- 
tion is  given  below. 

THE   STE.\M    FLOW    METER 

The  graphic  steam  flow  meter  and  the  method  of 
connecting  it  to  the  steam  lines  are  shown  in  Fig. 
I.     The     steam     pipe    is     drilled    and    tapped    the 


*See  article  in  the  Jouexal  for  Maj-,  1911,  p.  416;  July, 
1910,  p. 536;  Nov.,  1909.  p.  674;  May,  1906,  p.  297. 
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nozzle  plug,  shown  in  detail  in  Fig.  2,  is  inserted 
and  the  meter  proper  is  then  connected  to  this  plug 
by  flexible  metallic  tubing.  If  steam  is  flowing  in  the 
pipe,  the  resultant  pressure  is  made  up  of  two  parts ; 
one  is  the  pressure  due  to  the  static  head  of  the 
steam ;  the  other  is  the  pressure  due  to  the  velocity 
and  weight  of  the  steam.  The  leading  set  of  holes 
in  the  steam  plug,  Fig.  2,  is  turned  in  the  direction 


FIG.    I — A    GRAPHIC    STEAM    FLOW    METER    IN'STALLED 

Showing  method  of  connecting  to  steam  line. 

opposite  the  flow  of  steam  and  the  trailing  set  is 
turned  in  the  direction  of  the  flow  of  steam.  Then  the 
pressure  due  to  the  static  head  of  the  steam  alone  will 
be  transmitted  to  the  flexible  tubing  by  the  trailing 
set,  while  that  due  to  the  static  pressure  plus  the  veloc- 
ity head  of  steam  \\\\\  be  transmitted  through  the  lead- 
ing set  of  holes,  so  that  as  long  as  steam  is  flowing 
there  will  be  a  difference  in  the  two  pressures. 

The  meter  proper  consists  of  two  mercury  cups 
joined  at  the  bottom  and  hung  on  knife  edges  which 

, 


FIG.   2 — NOZZLE    USED    IN    CONNECTION    WITH    A    STEAM 
FLOW    METER 

This  is  inserted  into  the  pipe  in  wliich  the  flow  is  to  be 
measured. 

are  connected  by  a  system  of  levers  to  a  pen.  The 
mercury  cups  are  connected  to  the  flexible  tubes  by 
hollow  flexible  springs.  The  difference  of  pressure 
in  the  tubes  causes  the  mercury  to  flow  from  one  cup 
to  the  other  until  the  system  reaches  a  condition  of 
equilibrium,  thus  moving  the  pen  back  and  forth 
across  the  paper. 


This  meter  can  also  be  used  for  measuring  com- 
pressed air,  water  and  steam.  A  sample  chart  is 
shown  in  Fig.  3. 

SPEED  MEASUREMENTS 

The  meter  used  for  measuring  speeds,  shown  in 
Fig.  4,  consists  of  a  magneto  used  in  connection 
with  a  low  voltage  graphic  voltmeter.  The  magneto 
speed  may  be  changed  by  using  difllerent  pulleys.  It  is 
belted  to  the  line  shaft  whose  speed  is  to  be  measured, 
the  voltage  generated  being  in  proportion  to  the  speed. 
The  relation  between  volts  and  revolutions  per  minute 
may  easily  be  obtained  and  the  voltmeter  is  then  cali- 
brated to  read  revolutions  per  minute. 

This  instrument  is  so  sensitive  that  a  change  in 
speed  of  one  revolution  per  minute  may  easily  be 
shown.     An  instrument  of  this  type  is  very  valuable 

Although  an  outfit  as  outlined  above  will  cost 
for  investigations  in  silk  mills,  cement  mills,  etc., 
where  a  constant  speed  is  desired. 

Sample  charts  taken  by  the  graphic  ammeter  and 
voltmeter  are  shown  in  Figs.  5  and  6. 
quite  a  considerable  sum,  the  accurate  data  obtainable 
will  be  well  worth  the  expense.  Instruments,  which 
are  to  be  used  for  this  work  must  be  accurate,  rugged 
and  portable. 

After  the  engineer  has  outlined  his  tests  and  has 
the  graphic  meters  all  connected,  his  next  step  is  to 
secure  the  necessar}'  data.  This  data  must  be  col- 
lected in  an  orderly  manner  so  that  he  can  easily  refer 
to  it  and  not  find,  after  leaving,  that  he  has  forgotten 
some  important  items.  A  rough  note  book  is  used 
for  each  job.  The  next  step  is  to  index  this  book 
properly.  The  manner  of  doing  this  and  the  informa- 
tion  required  is  showm  below. 

Preliminary — A  general  description  of  the  manu- 
facturing processes  and  article  manufactured  is  given 
so  that  any  engineer  compiling  the  report  will  have  an 
idea  of  the  process. 

Reasons  for  Making  Investigation — The  reasons 
for  having  an  engineering  report  on  the  power  plant 
are  stated ;  also  whether  the  plant  is  loaded  to  capacity 
or  not  and  if  the  owner  has  under  consideration  the 
purchase  of  new  power  equipment. 

General  Building  Conditions — The  engineer  must 
give  a  general  description  of  the  power  buildings  giv- 
ing particular  attention  to  the  general  state  of  repair 
and  the  age  of  the  buildings.  A  rough  sketch  shows 
the  layout  of  the  building  and  the  equipment  in  it. 

Boiler  Room — The  following  information  is  re- 
quired:— 

(a) — Boilers — 

I- — Number,  type  and  horsepower. 

2 — Floor  space  required. 

3 — Hours  of  operation. 

4 — Steam  pressure  carried. 

5 — Cost  and  method  of  cleaning. 

(b) — Coal  and  Ashes — 

I — Kind  and  quantit>'  of  coal  used. 

2 — Facilities  for  handling  coal  and  cost  of  unloading. 

3 — Amount  of  coal  kept  in  storage. 

4 — Cost  of  coal  per  ton,  including  freight. 

5 — Disposition  of  ashes  and  cost  of  removal. 
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(c) — Feed  water  and  pumps — 

I — Source  of  feed  water. 

2 — Amount  used  and  cost. 

3 — Scaling  troubles. 

4 — Kind,  quantity  of  boiler  compound  used  and  its  cost. 

5 — Number,  size  and  type  of  boiler  pumps,  house  pumps 

and  fire  pumps. 
6 — Rated  and  operating  speeds  of  pumps. 
7— Capacity  and  head  against  which  the  pumps  operate. 
8 — Hours   of   operation   of   pumps,   floor   space    required 

and   steam   consumption.     Under    this   division    the 

steam  tests  made  on  the  pumps  with  the  steam  flow 

meter  are  inserted. 
9 — Type   of   feed   water   heater  and   temperature   of   the 

feed  water. 
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(b) — Connected  Belted  Load — This  following  in- 
formation is  required  in  plants  where  electricity  is 
not  generated. 

I — Amount   and    nature    of    machinery    driven   by    prime 

movers. 
2 — Sketch  of  methods  of  drive. 
3 — Approximate  power  consumption. 


(c) — Electric  Generator  Equipment- 


I — Number,    manufacturer,    capacity,     speed    and    other 

characteristics  of  all  generators. 
2 — Whether    generators    are    direct    connected    or    belt 

driven. 


FIG.    3 — CHART    SHOWING   A   TYPICAL    STEAM    FLOW    METER    RECORD 


(d) — General  steam  conditions — 

I — All    uses    of    live    and    exhaust  steam. 

2 — ^\■hether  plant  is  being  operated  condensing  or  non- 
condensing  and  whether  steam  is  being  superheated. 

3 — Type  of  condensing  apparatus  used. 

4 — Source  of  condensing  water  and  quantity  used. 

5 — Vacuum  used. 

6— Uses  of  live  steam  other  than  for  operating  plant 
equipment  such  as  engines,  pumps,  etc.  Under  this 
division  the  engineer  will  insert  all  the  steam  tests 
made  in  the  factory  to  determine  the  steam  used  for 
manufacturing  and  heating  purposes. 


(e) — Labor — 

I — The  number,  classification  and  salary  of  all  men  di- 
rectly chargeable  to  the  operation  of  the  boiler 
room. 

2 — The  quantity  of  labor  which  must  be  retained,  if  pur- 
chased power  is  used. 


FIG.    5 — CURRENT  VARIATION   OVER   A    PERIOD   OF    A    FEW    HOURS   AS 
RECORDED  BY    A   GR.^PHIC   AMMETER 

3 — Load  carried  by  each  generator  and  hours  of  oper- 
ation. Under  this  division  the  engineer  will  insert 
all  graphic  charts  taken  by  the  electric  meters  and 
the  readings  of  the  integrating  meters. 

(d) — Connected  Electrical  Load — Under  this 
division  complete  information  must  be  obtained  about 
the  number,  size  and  type  of  lamps  used.  A  list 
of  all  motors  must  be  made  showing  all  of  their  char- 
acteristics. L'sually  a  test  is  also  made  on  each  motor 
using  the  indicating  instruments.  This  test  is  made 
in  order  to  determine  the  proper  size  of  motors  to  be 
applied. 

(e) — Exciters  and  Balancer  Sets — A  full  de- 
scription of  all  auxiliary  generating  equipment  is 
given. 


FIG.  4 — A  MAGNETO   AND  GRAPHIC  VOLTMETER  USED   FOR  ACCURATE 
MEASUREMENTS   OF    SPEED 


FIG.  6 — TYPICAL  VOLTAGE  CHART  TAKEN  BY  A  GRAPHIC  VOLTMETER 


A  modified  evaporation  test  must  also  be  run  on  the 
boilers.  A  water  meter  is  inserted  in  the  feed  water  line 
and  the  water  evaporated  during  a  certain  length  of  time  is 
measured.  During  the  same  time  the  coal  burned  is  care- 
fully weighed.  Care  is  taken  to  have  the  same  amount  of 
water  in  the  boiler  at  the  end  as  at  the  beginning  of  the  test. 
This  test  will  consume  at  least  one  daj'. 

Engine  Room — The  foUow-ing  information  must 
be  obtained: — 

(a) — Steam  Prime  Movers — 

I — Number,  type  and  size  of  engines  or  turbines. 
2 — Operating  conditions  and  hours  of  operation  of  each. 
4 — Steam  consumption  of  each  engine  and  indicator  cards 
from  the  engines. 


(f) — Switchboard — The  dimensions,  kind  of  ma- 
terial, number  of  generating  and  feeder  panels  and 
the  number  and  type  of  instruments  on  the  switch- 
board is  given. 

(g) — Steam  or  Belt  Driven  Air  Compressors — 

I — Number,  type  and  name  of  all  compressors. 
2 — Size  of  cylinders  and  revolutions  per  minute. 
3 — Air  pressure  and  cubic  feet  per  day. 
4 — All  uses  of  compressed  air. 
5 — Hours  of  operation. 
6 — Source  of  cooling  water  and  utilization. 
7 — Hours  of   operation  and   charts   showing  steam   con- 
sumption. 
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(h) — Labor — The  same  information  about  the 
labor  is  required  in  the  engine  room  as  in  the  boiler 
room. 

Heating — Complete  information  must  be  obtained 
regarding  the  heating  systems,  heating  fans  and  en- 
gines, heating  surface  installed,  and  the  hours  that 
steam  is  used.  The  radiators  and  pipes  are  measured 
and  the  heating  surface  is  calculated.  In  winter  time 
steam  tests  are  made  in  order  to  determine  the  amount 
of  steam  re(|uired  for  this  purpose.  If  exhaust  steam 
is  used  in  fan  heaters,  the  amount  available  for  heat- 
ing purposes  is  obtained. 

Cost  of  Plant — The  original  cost  of  the  plant, 
itemized  as  much  as  possible,  is  obtained  fr<j;n  the 
compain's  books. 

Operating  Expenses — The  following  items  should 
be  known : — 

(a) — Tons  of  coal  used  and  cost  per  ton. 

(b) — .Ash  removal. 

(c)— \\'ater. 

(d) — Labor. 

(e) — Repairs. 

(f) — Miscellaneous  supplies. 

Limitations  of  Present  Plant — A  complete  de- 
scription of  the  factors  which  tend  toward  inefficient 
operation  should  be  noted.  Load  conditions,  room  for 
expansion  and  system  of  power  distribution  must  also 
be  discussed. 

Recommendations — The  engineer  gives  his  rec- 
ommendations for  the  correction  of  any  faults  he  has 
discovered.  This  is  a  very  important  feature  of  all 
power  investigations.  A  thorough  investigation  as  out- 
lined above  cannot  fail  to  uncover  inefficiencies  in  the 
best  regulated  plants,  and  for  this  reason  the  engineer 
making  the  investigation  must  have  a  wide  experience 
and  be  resourceful. 

After  completing  the  investigatimi,  all  the  data 
collected  must  be  worked  up  into  such  a  form  that  it 
will  be  clear  and  appeal  to  the  men  to  whom  the  re- 
port must  be  made.  The  charts  and  indicator  cards 
are  gone  over  and  all  the  calculations  are  made  first. 
Then  the  report  is  written,  following  an  outline 
similar  to  the  one  given  below.  This  outline  may  not 
fit  all  cases  and  is  only  given  here  as  an  illustration 
of  the  method  to  be  pursued. 

REPORT 

PART  ONE — PRESENT  CONDITIONS 

A — Description  of  Equipment. 

B — Steam  Consumption — The  steam  consump- 
tion of  all  the  equipment  is  calculated  on  the  basis 
of  one  years  time  and  is  shown  under  the  following 
sub-divisions. 

I — Steam  used  for  power. 

2 — Steam  used  for  compressing  air. 

3 — Steam  used  for  manufacturing. 

4 — Steam  used  for  heating. 

5 — Steam  used  by  boiler  auxiliaries. 

The  total  amount  of  steam  used  per  year  is  then 

obtained   and    the    amount   is   checked   by    using   the 

evaporation   test   and    total    coal    consumption.      The 

percentage  of  steam  consumed  by  each  division  is  then 


calculated.  The  steam  shown  under  division  £  is  di- 
vided among  the  other  divisions  in  proportion  to  the 
steam  consumed  by  each.  The  purpose  of  dividing 
the  steam  consumed  into  the  various  divisions  is  to 
enable  the  boiler  room  costs  to  be  distributed  in  the 
proper  manner  as  each  division  should  be  charged 
with  its  share  of  the  costs  in  proportion  to  th.-  -ti.ini 
consumption. 

C — Poiver  Consumption — The  amount  of  power 
generated  is  shown  under  this  division. 

D — Costs — Under  this  division  is  shown  the 
fixed  and  operating  expenses.  These  charges  are  di- 
vided among  the  various  divisions,  some  in  propor- 
tion to  the  steam  consumption  and  some  in  proportion 
to  the  investment.  The  cost  of  each  division  is  shown 
complete. 

E — Cost  of  Power  per  Unit — The  cost  of  the 
power  is  then  obtained  by  dividing  the  cost  of  produc- 
ing the  power  as  shown  under  D  by  the  total  amount 
of  power  generated.  ' 

PART  TWO CONDITIONS  WITH  PURCHASED  POWER 

A — Equipment — L'nder  this  heading  is  shown  the 
equipment  recommended  for  the  steam  production. 
electric  power  and  compressed  air.  The  disposition 
of  the  equipment  to  be  discarded  and  the  changes 
recommended  must  be  clearly  shown. 

B — Steam  Consumption — The  amount  of  steam 
which  will  be  required  for  manufacturing  and  heating 
purposes  must  be  shown  under  this  heading. 

C — Pozver  Consumption — The  amount  of  fHJwer 
which  must  be  purchased  is  shown  here.  Any  recom- 
mendations for  the  improvement  of  the  operating  con- 
ditions and  which  would  reduce  the  power  consump- 
tion are  also  shown. 

D — Costs — First  must  be  shown  the  salvage  value 
of  the  equipment  not  needed  in  the  power  plant.  The 
value  of  any  other  equipment  which  would  be  discard- 
ed such  as  direct-current  motors,  etc.,  would  also  be 
shown  here.  The  investment  in  new  machinerj-  is 
next  shown.  The  net  amount  required  for  making 
the  change  is  then  shown  by  subtracting  the  salvage 
value  of  the  equipment  discarded  from  the  total  invest- 
ment in  new  machinery.  Under  this  head  is  shown 
the  fixed  charges  which  are  taken  as  a  certain  per- 
centage of  the  investment. 

E— Operating  Expenses  are  worked  up  in  the 
same  manner  as  before  and  must  show  the  cost  of  the 
coal  required,  water,  labor,  purchased  power,  repairs, 
and  miscellaneous  expenses. 

F^Cost  of  Operation  JJ'ith  Purchased  Pozver — 
The  total  operating  expenses  are  shown  under  this 
division.  In  addition  to  this  the  cost  of  the  power 
per  unit  output  must  be  shown. 

G — The  Summary  must  contain  all  the  important 
information  that  is  shown  in  the  first  and  second  parts 
of  the  report.  The  method  of  doing  this  is  shown 
in  the  following  summary.  Table  I.  taken  from  a  re- 
port of  the  power  conditions  in  a  large  plant  which 
manufactures  sanitarv  ware. 
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This  summary  shows  that  the  amount  of  energy 
required  was  less  with  purchased  power  than  with  the 
isolated  plant.  This  is  due  to  the  large  savings  which 
were  made  in  the  transmission  losses,  and  by  the 
proper  application  of  motors. 

There  are  many  chances  for  improving  the  effi- 
ciency and  operation  of  a  plant.    If  the  engineer  mak- 

TABLE  1— COMPARISON  OF  CONDITIONS 


Present 


With 

Purchased 

Power 


Inv«.stinent $  31  842 

Difference  in  investment  with   pur- 
chased power 

Percent  difference 

Yearly  expenses  (not  including  fix- 
ed charges  

Saving  in  expense 

Percent  of  savings 

Yearly    expense    (including    fixed. 

charges ) 

Saving  in  expense 

Percent  of  saving 

Kilowatt-hours  required  per  year 

Saving  in  power 


19  531 


23  352 


643  129 


5    8  930 

22  9)2 
72 

12  185 
7  346 
37.6 

13  165 
10  187 
43.7 

630  800 
12  329 

Cost  of  power  per  kw-hr. — based  on 
total  expenses 

Not  including  fixed  expenses 

Percent  of  saving  on  net  investment .. 

Percent  of  saving  on  total  invest- 
ment  

Years  required  to  pay  for  total  in- 
vestment   

0.0363 
0.0301 

0.0209 

0.0193 

82.4 

63 

1.6 

ing  the  investigation  is  observing,  large  savings  may 
be  made  and  the  use  of  purchased  power  will  be  more 
favorably  considered.  Examples  of  some  of  the  sav- 
ings which  have  been  eftected  are  given  below. 

At  one  plant  the  steam  flow  meter  indicated  a 
large  waste  of  steam  in  a  line  which  was  supplying 
the  steam  for  office  heating.     Upon  investigating,  the 


engineer  found  that  the  pipe  was  very  leaky  and  the 
steam  was  escaping  in  this  manner.  Fig.  7  shows  the 
steam  rising  from  the  ground  from  these  leaks. 

In  another  factory  the  steam  meter  enabled  the 
engineer  to  discover  the  fact  that  the  steam  traps 
were  not  operating  properly.  An  auxiliary  steam 
jet  which  was  being  used  to  remove  the  entrained 
water  from  the  trap  was  found  to  be  consuming  five 
percent  of  the  total  amount  of  steam  generated  by 
the  boilers  and  was  costing  the  company  $1  600  a 
year  to  keep  in  operation.  The  installation  of  the 
proper  kind  of  traps  eliminated  this  waste. 


FIG.    7 — .K    PHOTOGRAPH    SHOWING   THE    STE.•^M    LOSS    FROM    A 
LEAKY   HEATIN'G  SYSTEM 

Central  station  managers  are  coming  to  realize 
that  it  is  to  their  advantage  to  show  shop  managers 
how  to  reduce  their  costs  by  introducing  more  efficient 
methods.  In  other  words  they  sell  utility  and  make 
each  unit  of  power  produce  the  the  maximum  value, 
even  though  the  number  of  units  sold  is  decreased. 
They  receive  their  reward  in  having  satisfied  custom- 
ers on  their  lines  and  in  securing  future  business 
without  question. 


Motor-Driven  Shovels 


A  LARGE  NUIMBER  of  electrically-operated 
shovels  are  now  in  successful  operation 
both  in  this  country  and  abroad,  in  stone 
quarries,  gravel  pits,  brick  and  tile  yards,  metal  mines 
and  grading  operations.  The  shovels  are  similar  to 
the  standard  steam  shovels,  using  the  ordinary  dipper 
on  the  end  of  a  boom  and  having  three  separate  and 
distinct  operating  parts,  known  respectively  as  the 
main  hoist,  swinging  boom,  and  thrusting  boom.  The 
main  hoist  motor  varies  in  size  from  35  to  250  horse- 
power; the  swinging  boom  motor  from  15  to  lOO 
horse-power;  and  the  thrust  motor  from  20  to  135 
horse-power. 

The  hoist  motor  on  an  electric  shovel  performs 
simply  ordinary  hoisting  work  of  a  very  severe  char- 
acter.    The  majority  of  the  w-ork  is  at  high  torque 


W.  H.  Patterson 

and  low'  speed  and  the  motor  will  be  stalled  fre- 
quently when  the  shovel  is  digging  in  hard  rock.  Both 
the  motor  and  controller  must  be  designed  to  with- 
stand such  severe  service,  but  this  can  readily  be  done 
by  proportioning  the  torque  and  radiating  capacity 
of  the  motor  to  the  work  to  be  done  and  furnishing 
a  controller,  together  w-ith  proper  resistance  to  allow 
maximum  work  being  obtained  from  the  motor  with- 
out danger  of  burning  it  out.  The  motor  must  be 
designed  so  as  to  permit  quick  acceleration  and  in- 
stant braking,  also  to  withstand  what  is  commonly 
termed  "plugging."  and  severe  vibration. 

The  duty  of  the  swing  motor  is  not  exceptionally 
severe.  It  consists  simply  in  revolving  the  turn-table 
carrying  the  main  boom  of  the  shovel. 

The  thrust  motor  has  the  most  severe  service, 
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in  most  cases,  of  any  part  of  the  electrical  equipment  pressor,  similar  to  that  used  for  air  brake  equipments 

on  the  shove.     The  motor  makes  comparatively  few  on  electric  railway  cars,  is  usnallv  installed  on  the 

revolutions  during  each  part  of  the  cycle  and  must  shovel. 

exert  its  maxinnmi  torque  at  practically   stand-still.  Both  alternating  and   direct-current   drive   Iiave 

\\  hen  runnmg  at  high  speed  its  torque  will  always  be  been    used    successfully   on    shovels,    having   dii^pers 


FIG.   I— EIGHTY  TON  BUCYRUS    SHOVEL  A.ND  ELECTRIC  DRAG  LINE 

Lahomon  K'Nevad^"""'^  secondary  induction  motors,  in  the  gravel  pits  of  the  United  States  Reclamation  Service. 


light.  It  is  subject  to  frequent  stalling  and  its  torque 
must  not  diminish  when  so  stalled.  It  is  often  stalled 
fur  a  minute  or  more  at  a  time,  and  is  provided  with 
a  preventive  resistance  which  will  limit  the  current 
drawn  with  the  motor  at  a  stand-still.  The  thrust 
motor  is  usually  connected  through  a  slipping  friction 
clutch  which  will  hold  up  to  a  point  corresponding  to 
nearly  the  maximum  torque  of  the  motor,  but  which 


varying  in  capacity  from  0.6  to  3.5  cubic  yards 
The  largest  and  most  successful  have  been  for  alter- 
nating current  in  mines  and  stone  quarries  where  only 
alternating  current  was  available.  All  electric  shovels 
use  low  voltage  motors,  i.  e.,  600  volts  or  lower.  Pro- 
vision is  usually  made  for  mounting  transformers  on 
the  rear  of  the  shovel  to  step  down  from  any  ordin- 
ary distributing  voltage  to  the  proper  motor  voltage. 


FIG.   2 — EIGHTV-F1VI-;    TDN    BUCYRUS    SHO\'EL 

Operated  by  wound-secondary  induction  motors. 


FIG.   3 — DETAIL   VIEW   OF   SHO\'EL 

Showing  thrust  motor. 


will  still  permit  the   motor  to   revolve   slowly   if   an 
object  requiring  excessive  torque  is  encountered. 

Shovels  are  usually  equipped  with  air-operated 
brakes  to  stop  the  motor  and  hold  the  load.  The 
clutches  are  also  air-operated.  For  supplying  air  to 
the  clutches  and  brakes  a  small  motor  driven  air  com- 


Each  motor  is  controlled  independently  of  the 
others.  On  smaller  shovels,  requiring  motors  of  not 
over  50  horse-power  in  capacity,  ordinary-  drum  re- 
versing controllers  are  used,  while  on  larger  shovels, 
magnetic  switch  controllers  are  used,  operated  from 
master  switches.     The  controller  panels  and  resistors 
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are  mounted  in  tlie  rear  of  the  shovel,  while  the 
master  switches  are  mounted  in  the  front  at  a  con- 
venient position  for  the  operator. 

The  principal   advantages  of   the  electric   shovel 
over  the  steam  shovel  are : — 


5 — There  is  nothing  lo  freeze  up  in  cold  weatlicr. 

6 — There  arc  no  stand-hy  losses:  the  motor  driven  shovels 
carry  no  power  expense  wliatever  when  not  run- 
ning. 

7 — The  fuel  economy  is  very  much  higher,  as  central  fta- 
tion  circuits  offer  a  very  economical  source  of  power. 


FIG.  4 — VltW   UK   CAK   INTERIOR 

Showing  hoist   and   swinging  boom   motor 

I — The  niacliine  requires  only  one  or  two  men  and  the 
men  need  not  be  skilled  engineers  or  firemen,  while 
three  or  more  are  generally  employed  on  a  steam 
shovel. 

2 — The  hauling  of  coal  and  water  is  avoided. 

3 — :Boiler  troubles  are  entirely  eliminated. 

4 — No  delay  is  ever  occasioned  due  to  waiting  to  steam 
up.  as  the  motor  is  always  ready  to  start. 


FIG.    5 — MOTOH-l  l;l\  ,  N     HIiAil,    IN    \    STOXE    QU.\RRY 

8 — The  quiet  operation  of  the  electric  shovel  and  the  ab- 
sence of  smoke  makes  this  type  especially  suitable 
for  city  work. 

9 — The  extreme  compactness  of  an  electrical  equipment  is 
especially  noticeable  on  large  shovels. 


Power  Requirements  of  Electric  Hoisting  Plants 


Wilfred 

IN  THE  CASE  of  small  and  medium  sized  hoists 
it  is  often  difficult  to  detennine  upon  definite 
operating  cycles,  although  generally  the  maximum 
load  to  be  hoisted  is  fairly  well  known.  In  such  cases 
the  size  of  the  motor  is  usually  determined  from  the 
formula : — 

Ilorsp-prnvcr Total  uDbaliiDced  load  in  llxs.  ■  hoisting  speed  in  ft.  per  min. 

33  000  X  O.S 

The  overall  efficiency  of  the  mechanical  parts  of 
the  equipment  is  taken  at  8o  percent. 

As  the  services  is  intermittent  and  during  the  in- 
tervals between  trips  the  motors  have  an  opportunity 
to  cool,  it  is  not  necessary  that  the  motor  should  be 
capable  of  carrying  the  load  as  determined  above  con- 
tinuously, and  in  order  to  preserve  a  good  balance  be- 
tween the  maximum  torque  capacity  of  the  motor  and 
its  heating  capacity,  niotors  with  intermittent  ratings 
are  used  for  such  hoists.  It  has  been  found  by  ex- 
perience that  if  a  motor  has  a  capacity  sufficient  to 
carry  the  load  as  determined  above  for  one-half  hour, 
it  will  be  large  enough  to  operate  the  hoist  under 
ordinary  conditions.  In  cases  of  very  severe  service, 
where  the  hoist  operates  a  large  percentage  of  the 
time,  such  a  simple  rule    cannot    be    used    and    such 


Sykes 

propositions  must  be  worked  out  in  greater  detail. 

Direct-current  motors  for  such  hoists  are  general- 
ly series  wound;  for  alternating-current,  slip-ring 
induction  motors  are  always  employed.  Sucli  induc- 
tion motors  are  designed  for  high  momentary  over- 
load capacities,  necessitating  high  magnetizing  currents 
and  consequent  heating  if  run  continuously  even  at 
light  loads. 

For  large  hoists,  the  cycle  of  operations  is  usually 
well  defined,  and  the  required  motor  rating  can  be 
accurately  determined.  This  complete  cycle  consists 
of  six  dirt'erent  periods,  namely,  acceleration,  constant 
speed  and  retardation  in  both  directions.  The  parts 
of  the  hoisting  equipment  to  be  considered  in  selecting 
a  motor  are  the  hoist  drum,  sheave,  rope,  cage  or 
>kip,  the  car  and  material  to  be  hoisted,  and  the 
motor  armature. 

The  following  symbols  will  be  used  in  the  dis- 
cussion. Unless  otherwise  stated,  all  weights  are  in 
pounds,  dimensions  in  feet,  time  in  seconds,  and 
torque  in  pounds-feet   (Ibs-ft.). 

A — Acceleration  torque  at  drum  .shaft. 
B — -Retardation  torque  at  drum  shaft. 
C — Weight  of  cage  or  skip. 
c — -Weight  of  car. 
D — Deptli   from  which  material  is  hoisted. 
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F — Friction    tor<|ue    required    lor   complete    hoist 
mechanism. 

I — Moment  of  inertia  =    

</ 

L — Weight  of  material  hoisted. 

/-i — Total  unbalanced  weight  hoisted. 

.U,  .U,,  A/j, etc. — Torque  at   drum  shaft  during  different  parts 

of  a  hoisting  cycle. 

N,Ni,Nt,etc. — R.p.m.  of  drum,  sheave  and  motor  armature, 

respectively. 

R — Radius  of  drum. 

r-:- Radius  of  gjration. 

S — Total  weight  of  rope. 

J — Weight  of  rope  per  foot. 

T — Total  time  of  hoisting. 

/ — Time  of  hoisting  at  full  drum  speed. 

/, — Time  of  acceleration. 

/. — Time  of  retardation. 

y — Maximum  rope  speed  in  feet  per  minute. 

I' — Maximum  rope  speed  in   feet  per   second, 

2      A' 

(u — .Angular  velocity  =      j./.- 

Considering  the  simplest  proposition  first,  an  un- 
balanced hoist,  the  torque  to  sustain  the  total  load  at 
rest  at  the  bottom  of  the  hoist  is  (L-\-C+c-\-Ds)R. 
The  torque  to  start  this  load  up- 
ward must  exceed  the  torque 
at  rest  by  the  amount  necessary 
to  overcome  the  friction  of  the 
bearings,  gears,  sheave,  wheel, 
guides  in  shaft,  and  air,  and 
also  to  accelerate,  or 

.1/,=  (L  +  Ctc  +  Ds)  R  +  F  +  A 
As    the    hoist    is    gradually 
brought  up   to    speed   a   portion 
of   the   rope   is   wound   on  the 
drum  and    the    load    is    reduced 
by  a  corresponding  amount.    If 
the  rate  of  acceleration  is  con- 
stant, the  average  speed  of  the 
hoist  during  this  period  will  be 
^av  =  ^'-;-2.      The    torque    on 
the     hoist     has     been     reduced, 
therefore,    by    an    amount    cor- 
responding to    "'•'    R,  or  in  other  \vords  the  torque 
will  be, — 

M,=  (L  +  C  +  c  +  Ds  —  '"-^^)R  +  F-¥A 
As  soon  as  the  full  speed  is  attained  the  acceler- 
ation comes  to  an  end  and  the  torque  is  decreased  by 
an  amount  corresponding  to  the  accelerating  force  and 
aft  this  point  becomes, — 

-:     •  M,-(L  +  C  +  c  +  Ds—'''';^   )R  +  F 

During  the  period  of  full  speed  the  rope  is  wound 
on  the  drum  at  a  constant  rate  and  the  load  is  uni- 
formly reduced  until  there  remains  suspended  only  the 
amount  of  rope  corresponding  to  the  distance  travelled 
during  retardation,  and  at  this  point  the  torque  is, — 

yf,-(L  +  C  +  c+-'^'/)  R  +  F 
During  the  accelerating  period  energy  was  stored 
in  the  moving  parts ;  as  soon  as  retardation  begins,  the 
effective  torque  at  the  drum  shaft  is  reduced  by  an 
amount  corresponding  to  the  energj-  given  up  by  the 
moving  parts,  or  in  other  words, — 

.U,=  (L  +  C  +  C+  ''^'J'f)R  +  F  —  B 


FIG.  I — DI.\GRAM  ILLUS- 
TRATING SIMPLEST 
FORM     OF     HOIST 


At  the  moment  of  stopping  when  the  cage  has 
reached  the  landing  stage  the  torque  will  be, — 
M.-  (L  +  C'c)R^F  —  B 

In  the  case  of  a  simple  hoist,  as  illustrated  in  Fig. 
I,  some  arrangement  must  be  made  for  lowering  the 
empty  cage,  it  being  controlled  either  by  the  mechan- 
ical brakes  or  by  some  form  of  electric  braking.  In 
any.  case  it  is  desirable  to  know  how  much  torque 
must  be  provided  during  lowering,  as  in  some  cases 
this  lowering  torque  seriously  affects  the  size  of  ma- 
chine lequired. 

During  the  accelerating  period,  when  energ)'  must 
be  stored  in  the  moving  parts  to  cause  them  to  accel- 
erate, the  effective  torque  at  the  drum  shaft  will  be, 
at  the  start, — 

M,—  iC  +  c)R  —  F  —  A 

Friction  always  tends  to  retard  motion  and  in 
this  case,  where  work  is  being  performed  by  the  des- 
cending load,  the  torque  at  the  shaft  that  must  be 
absorbed  by  the  braking  arrangement  is  reduced  by  the 
amount  required  to  overcome  the  loss  in  the  machine 
itself.  At  the  end  of  the  accelerating  period  the  tor- 
que has  been  increased  by  an  amount  corresponding 
to  the  length  of  rope  that  ha-  Ijteti  unwrmnd  so  that 
at  this  point  it  is 

.\r,=  (C  +  c+'^)  R  —  F  —  A 

At  the  beginning  of  constant  speed,  the  effective 
torque  is  increased  by  an  amount  equal  to  the  accel- 
erating force,  and  therefore, — 

M,=  iC  +  c +  ''''/-)  R  —  F 

At  the  end  of  the  constant  speed  period  the  load 
will  be. — 

M,.=  (C  +  c  +  I>i  — ?'/)  R  —  F 
During  retardation  the  energ)-  stored  in  the  mov- 
ing parts  will  be  given  up  and  the  torque  at  the  drum 
shaft  will  be  increased  correspondingly  so  that  at  the 
beginning  of  this  period  it  is, — 

il/„=  (C  +  c-i-Ds  —  %^-)  R  —  F  +  B 

At  the  end  of  retardation  the  torque  is, — 

M,,=  (C  +  c  +  Ds)  R  —  F  +  B 
From  the  above  equations  a  load  diagram  can  be 
calculated. 

TIME 

As  usually  presented,  the  problem  is  to  obtain  a 
certain  output  in  a  given  time,  which  is  so  set  as  to 
allow  for  unavoidable  delays  that  always  occur.  The 
total  time  that  the  hoist  is  in  motion  is  made  up  of 
the  constant-speed  period,  accelerating  period,  and 
retarding  period ;  assuming  that  the  rate  of  accelera- 
tion and  retardation  is  constant,  the  full  hoisting  speed 
can  be  obtained  when  the  time  for  starting  and  stop- 
ping has  been  determined.  There  are  certain  practical 
limits  which  must  be  taken  into  consideration  when 
the  available  time  is  very  short,  but  usually  these 
limits  are  not  approached  with  the  ordinary  hoist. 
As  long  a  time  as  possible  should  be  allowed  for  start- 
ing, and  the  rate  of  retardation  should  be  fixed  by 
the  time   that   is   required   to  make   a   good   landing. 
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The  accelerating  period  should  not  be  too  long,  how- 
ever, as  the  operator  will  not  be  bothered  by  starting 
so  slowly  unless  automatic  control  is  provided,  so  that 
the  human  element  must  be  also  considered.  Assum- 
ing that  a  certain  time,  t^  -j-  t„  has  been  allowed  for 
starting  and  stopping  the  full  speed  will  be, — 

If  the  full  speed  is  fixed,  the  time  available  for 
acceleration  and  retardation  will  be, — 


[T- 


■f' 


The  actual  division  of  the  hoisting  time  is  largely 
a  matter  of  experience,  especially  when  the  time  avail- 
able is  very  short.  Whether  it  is  more  economical  to 
increase  the  time  for  starting    and    stopping    and    to 
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FIG.   2 — CURVES   INDICATIXG  V.^LUES   OF   INERTIA   FOR  V.^IOUS 
SIZES   OF    CYLINDRICAL  DRUMS 

allow  a  longer  constant-speed  period,  thereby  giving 
a  lower  maximum  speed,  or  to  increase  the  maximum 
speed  and  allow  a  slower  rate  of  acceleration  and  re- 
tardation is  a  question  that  depends  upon  local  circum- 
stances. 

ACCELERATION  AND  RETARDATION 

The  torque  required  at  the  drum  shaft  to  accel- 
erate or  retard  the  moving  parts  depends  upon  the 
mass  and  the  rate  of  speed  change.  In  practice,  it 
will  be  found  convenient  to  obtain  the  equivalent 
moment  of  inertia  of  all  moving  parts  at  the  drum 
shaft,  which  can  be  readily  done,  as  it  is  proportional 
to  the  square  of  the  speed.  The  total  inertia  is  made 
up  of  that  of  the  travelling  parts,  such  as  cage  load, 
rope  etc.,  and  of  the  rotating  parts  such  as  drum, 
sheave,  motor,  etc.  The  inertia  of  the  mechanical 
parts  of  the  hoist  varies  greatly  with  the  different 
builders,  and  when  possible,  actual  figures  should  be 


obtained.  In  the  preliminary  design  of  a  hoisting  in- 
stallation no  information  is  available  on  such  features, 
and  Figs.  2  and  3  show  the  average  inertia  of  drums 
of  various  sizes,  cylindrical  and  conical  respectively. 
The  inertia  of  the  traveling  parts,  such  as  rope,  is 
easily  obtained,  as  the  radius  of  g)Tation  is  the  radius 
of  the  drum.  The  sheave  is  comparatively  unimpor- 
tant but  its  inertia  is  given  approximately  by  the  fol- 
lowing formula: — 

/.  =  7if 
where  R  =  radius  of  sheave  in  feet. 

The  inertia  of  the  motor  is  more  difficult  to  esti- 
mate, as  at  this  stage  of  the  calculation  the  size  re- 
quired is  not  definitely  known,  but  an  approximate 
estimate  can  be  made  from  the  load  and  speed. 
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FIG.    3 — CURVES    SHOWING    VARIATION    OF    INERTIA    WITH    SIZE    OF 
DRUM   FOR  CONIC.\L  DRUMS 

It  is  not  possible  to  give  any  general  rules  for  the 
inertia  of  motors  as  it  varies  greatly  for  different  de- 
signs, types,  speeds,  etc.,  and  consequently  special  in- 
quiry is  necessary  in  every  case.  The  inertia  of  any 
gearing  that  may  be  used  is  not  very  great  and  gener- 
ally will  not  exceed  10  percent  of  that  of  the  drums. 
The  total  inertia  reduced  to  the  drum  shaft  is, 
therefore, — 

Drums— See  Figs.  2  and  3. 

Traveling  parts  -  (  L  +  C  +  C  +  .V)  g 

Sheaves  -  7  i?' I '-^'Y 
Motor -y^xf-^^'V 


Where  A'  ^  full  speed  of  drum  in  r.p.m. 
A',  :=  full  speed  of  sheave  in  r.p.m. 
A^  ^  full  speed  of  motor  in  r.p.m. 

/„  =  Moment  of  inertia  of  the  motor  =      ^ 
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The  total  moment  of  inertia,  /,,  enables  the  ac- 
celerating torque  to  be  readily  obtained.  The  angular 
acceleration  is, — 

<«i  =      ; —  and  the  angular  retardation  ir  ,  =  — t    - 
'1  "  '2 

The  accelerating  moment  A-=IiX'"u  and  the 
retarding  moment  B  ^=  f^  xoi„. 

The  friction  load  depends  upon  a  great  many 
factors  such  as  the  condition  of  shaft,  cage,  sheaves, 
hoist,  etc.,  as  well  as  the  weight  of  the  various  parts, 
and  the  speed.  The  air  friction  of  the  cage  in  the 
shaft  is  considerable  in  the  case  of  high-speed  hoists 
and  should  be  considered.  Experience  has  shown 
that  in  the  case  of  a  vertical  hoist  with  a  direct-con- 
nected motor,  the  total  friction  is  equal  to  about  five 
percent  of  the  weight  of  the  traveling  part,  such  as 
ropes,  load,  cages  and  cars.  In  the  case  of  a  general 
hoist,  about  7.5  percent  is  a  fair  figure. 

The  application  of  the  formula  may  be  better  un- 
derstood by  working  out  a  simple  case ;  it  being  as- 
sumed that  the  following  information  is  given: — ■ 

Net  load,  5  000  pounds. 

Depth,   I  000  feet. 

Cage,  4000  pounds. 

Car,  2  SCO  pounds. 

Rope,  ij/g-inch  diameter — 2  pounds  per  foot. 

Interval  for  loading  and  unloading,  15  seconds. 

Time  per  round  trip,  2.5  minutes. 

Drums,  8  feet  diameter,  5  feet  wide. 

Sheave,  8  feet  diameter. 

Time,  net  hoisting  time,  i  minute. 

Assume  acceleration  10  seconds.   Retardation  10  seconds. 

Maximum  hoisting  speed  =  , — =  20  feet  per  second. 

,        10+10 

60 

2 

Maximum  speed  of  drum  =  ?^ — ^=  approximate,  48  r.p.m. 

o  TT 

Distance  traveled  during  acceleration  — -"•  '°  =  100  feet. 

Distance  traveled  during  retardation  =  ^-"^  —  =  100  feet. 

Inertia — Drum  /  =r  13  000 

Sheave  =  7  R'  =  450 

Traveling  part  (  •^°°°  +  ^°^  +  -500  +  2000  ^    =  ^    g  _,„ 

32 
Motor  geared  5:1   ratio,  about  300  hp. 

/ra  =  6oo  600X  (-''^  )==  15000 

48 
Total  inertia  =  /t  =:  35  200 

Angular  velocity  =  2tN-^6o  =  S. 
-Angular  acceleration   5  -h  10  =:  0.5. 
.\ngular    retardation    5  -h  10  =:  0.5. 
-Accelerating  moment=  A  =  35  200  x  0.5  =  i"  600  Ib-f t. 
Retarding  moment  =  B  =  35  200X0.5  =  17  600  Ib-ft. 

Friction — Suspended    load,    Net    load 5000  pounds 

Cage     4  000  pounds 

Car    2  500  pounds 

Rope    2000  pounds 

13  500  pounds 
7.5  percent  =  pounds,  at  4  ft.  radius  =  4040  Ib-ft. 
For  convenience  use  4000  Ib-ft. 
Torque  Diagram  Hoisting — 

.V,=(5000  r  4lX)0  -  iiOO   ■   2000)  4  ~  -1000  ■   1"  lU)0=                       75  ftlO  Ih  ft. 

;lf,-(,'MOO  4000       ■.>300 +  2000—  '^^"-^-)4+4000^  17  600-74  !<0011>-ft. 

iir,— (5000  ■■  4000   r  2500  +  2000  +  -0  '^  to  .\  2  j^  ^  ^f^  ^              5,  .,j^,  jj^fj 

;i/.=(5000  4CX)0  +  2500  +  20^W^2  j^  ^  ^^^  ^                          ^  j^  ],^(, 

;i^.-(5000   ^  4000  +  2.i00  +  ''"'^'' -  H  -  4000  —  IT  1*0  =  33  200  Ib-ft. 

.l/^-C.-iOOO  -  4000  +  2500)  4  +  4000  —  17  tW)  -  32  400  Ib-ft. 

Torque  Diagram  Lowering — 

^,-(  4000  + 2tOO)  4  — 41100— 17  600=  4  400  1t>-ft. 

M,={  4000  +  2500  +  ''lii^JL^  ^  _  40011  —  17  COO  —  5  200  Ib-ft. 


.'/.-(  4000  T  2300 


20  .\  10  .\  2 


)4-40OO-  n  MO  lb-It. 

29  300  Ib-ft. 

MOO-'"'' '°^'H -4000-  17  MO-        46MJ01b.ft. 


.V.o-(  4000  +  2500  +  2000-'-'''  "  1°  "  -)t  -  4000  - 

.»/,,-(  4000  T  2500 

•»/,,-  (  40O0  +  2:<I0  '  2000  I  4  —  4000  -H 7  600  -  47  .W  IVtt. 

The  power  required  at  the  motor  shaft  corres- 
ponding to  these  torques    may    be    found    from    the 


following : — 


Hp  = 


.1/  X  fcl 

550 


The  corresponding  powers  for  the  various  points 
on  the  diagram  are  as  follows : — 

HOISTI.VG  IjOWERIN-G 

.1/,   =:  687   hp.  M,  -     40  hp- 

-1/.  =  680  hp.  M,  =    47  hp. 

-U,  =  520  hp.  M,  =  207  hp. 

A/.  =  462  hp.  A/»=  265  hp. 

A/5  =  302  hp.  A/„=  425  hp. 

A/c  —  i2f)i  hp.  A/u=  433  hp. 

In  Fig.  4  the  various  points  are  marked,  and  fronfi 
the  foregoing  it  will  be  clear  how  the  power  required 
can  be  obtained.  To  obtain  the  size  of  motor,  the 
average  heating  and  the  maximum  torque  required 
must  be  considered.  The  average  heating  can  be  ob- 
tained by  taking  the  root  mean  square  in  the  usual 
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CYCLE  OF  HORSE-POWER  REQUIREMENTS  FOR   K   SIMPLE 
UXB.\L-\XCED   HOIST 


way.  It  should  be  noted,  however,  that  when  the 
motor  is  at  rest  it  does  not  give  up  heat  at  the  same 
rate  as  when  running,  and  as  all  machines  are  rated 
on  the  assumption  that  they  are  running  at  their  full 
speed  and  consequently  being  cooled  at  the  greater 
rate,  proper  allowance  must  be  made  for  this.  It  is 
usual  to  consider  that  the  cooling  rate  at  standstill  is 
about  one-half  to  one-third  of  the  full-speed  value, 
depending  on  the  speed  of  the  motor,  so  that  in  taking 
the  total  time  of  the  operations  to  obtain  the  ave- 
rage heating,  only  about  one-third  to  one-half  of  the 
interval  of  rest  is  considered. 

The  figures  given  for  the  corresponding  horse- 
powers at  starting  and  stopping  are,  of  course,  not 
the  actual  powers,  as  they  will  vary  with  the  speed, 
but  are  the  values  that  must  be  taken  in  determining 
the  motor  characteristics.  At  the  moment  of  starting, 
for  instance,  no  work  is  being  performed  but  the  cur- 
rent flowing  through  the  windings  corresponds  to 
the  power  given,  and  on  this  basis  the  heating  must 
be  determined. 
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From  the  calculated  values  the  heating  can  be 
obtained ;  only  one-third  of  the  interval  of  rest  has 
been  taken  in  the  following  calculation : — 


I 


From  the  foregoing  it  will  be  seen  that  the  motor 
must  be  capable  of  developing  a  torque  equal  to  687 
horse-power  and  of  carrying  305  horse-power  con- 
tinuously. With  an  alternating-current  supply,  a  mo- 
tor with  a  rating  of  300  horse-power  continuously  and 
a  pull-out  of  three  times  full-load  torque  would  be 
the  right  machine  to  use.  It  is  necessary  to  have  a 
fair  margin  on  the  peak  load  as  a  slight  drop  of 
voltage  might  otherwise  cause  the  motor  to  stop.  With 
direct  current,  the  machine  would  have  to  be  designed 
to  commutate  the  peak  load  and  also  have  the  above 
heating  capacity. 

BALANCED    HOISTIXG    WITH    CVLIXDRICAL  DRU.MS 

The  usual  arrangement  for  large  hoists  is  to  have 
two  cages,  one  of  which  ascends  as  the  other  descends. 
The  cages  and  cars,  therefore,  balance  each  other  and 
the  torque  conditions  are  altogether  different  from 
those  considered  above. 

Using  the  same  symbols  as  before,  the  torque  at 
the  beginning  of  hoisting  will  be, — 
M,=  (L  +  Ds)  R  +  f  +  A 

At  the  end  of  the  accelerating  period  the  weight 
on  the  loaded  side  will  be  decreased  by  the  amount 
of  rope  wound  on  the  drum  but  from  the  other  druni 
an  equal  quantity  has  been  unwound  so  that  the  effec- 
tive load  will  be  reduced  by  an  amount  corresponding 
to  twice  the  amount  wound  on  the  drum.  The  torque 
of  the  rope  wound  on  the  drum  is  equal  to, — 

so  that  the  difference  with  a  balanced  hoist  will  be 
twice  this  value,  or  Rvt^s  The  torque  at  this  point 
is,  therefore, — 

M._=  (L  +  Ds  —  7i,s)  R  +  F  +  A 
At  the  beginning  of  constant  speed  it  is, — 

jl/,  =  {L  +  Ds  —  vt,s)  R  +  F 
At  the  end  of  the  constant-speed  period  most  of 
the  rope  has  been  wound  on  the  drum  on  the  loaded 
side  and  a  corresponding  amount  unwound  with  the 
descending  cage,  so  that  at  this  point  the  condition  is 
the  reverse  of  that  at  the  end  of  the  accelerating 
period  and  the  torque  required  is, — 

.1/,=  (L—Ds  +  vLs)  R  +  F 
At  the    beginning    of    retardation    the    effective 
torque  is  reduced  to 

M,—  (L  —  Ds  +  ft,s)  R+F  —  B 
At  the  end  of  the  trip  the  rope  on  the  loaded  side 
is  all  on  the  drum  and  on  the  other  side  it  is  all  off 
so  that  the  load  condition  is, — 

il/6=  {L  —  Ds)R  +  F  —  B 

To  make  this  formula  clear  the  same  example  as 

previously  considered  will  be    taken.      Some    of    the 

factors  will  be  changed    somewhat    by    the    greater 

weights  of  the  moving  parts  and  the  inertia  will  be 


greater  than  with  the  unbalanced  hoist. 

Inertia — 2  drums  =  20  000 

Traveling  parts  ( '^°^  +  ««»  +  SOoq  +  4000^  x  4=  =,  1  000 

32 
2  sheaves  =  900 

Motor  geared  5  :l,  about  300  hp 

/,„  =  600  6oox/rlpy=i5ooo 

Total  inertia^   It  =  52900 

Accelerating  moment,  52900X0.5  =  26450 
Retarding  moment,  -.2  000  x  0.5  =  26  450. 

Friction — Suspended  load.    \et  load    5  000  pounds 

2  cages    8  000  pounds 

2  cars    5  000  pounds 

2  ropes    4  000  pounds 

22  000  pounds 
Friction  7.5  percent  =  1650  pounds  at  4  ft.  radius  =  6600  Ib-ft. 
Torque  Diagram — 

.1/,  =  (5000      2000)  4  +  GliOO  +  20,4.50  =  til  0.50 

jl/.  =  [.'lOUO       21100  —  (20  X  lU  X  2))  4       flIiOO  +  2i;  450  =  .S9  4.50 

jl/,=  lij000       2000— (21  X  10  X2IJ  4       6lM)0—  a!  llOO 

M,  —  [51100  —  20011       120  X  10  X  2)1  4  +  mM  —  20  200 

A/^~  I5OT0  — 2000  -    (20  x  10.x2iJ  5  -  6600  —  26  450  -  —  r.  250 

.'/a  =  (5000  —  2000)  4  -  OliOO  —  2(i  150  —  —7  KtO 

The  above   values   correspond   to    the   following 
horse-powers  <at  the  motor  shaft. 

-lA  555  lip  M,  183  hp 

M.  540  hp  jl/s  — 5-  hp 

Ah  300  hp  il/,  —71  hp 
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FIG.  5 — LOAD  CONDITIONS  FOR  A  B.\L.\NCED  HOIST,  INDICATING  THE 
POWER  REQUIRED  OF  THE  MOTOR  DURING  THE  CYCLE  OF 
OPERATION 

The  work  performed  during  retardation  is  nega- 
tive, or  in  other  words  the  drum  will  drive  the  motor 
if  it  is  retarded  at  this  rate  and  this  work  must  be 
absorbed  by  some  system  of  braking.  The  motor  re- 
quired for  this  hoist  would  need  to  have  a  heating 
capacity  of 


ISiiL^2i£■xlO^-.jggf!^x<o-^  «-"''+'-'■''  xio 

\ 1 ■ = ^ = .J89fcp 

The  ma.ximum  peak  is  equivalent  to  555  horse- 
power but  some  margin  must  be  allowed  above  this 
for  irregularities  in  operation.  Fig.  5  represents 
graphically  the  load  conditions  of  this  hoist. 

These  two  examples  show  how  the  ordinarj'  cyl- 
indrical drum  hoist  may  be  treated  and  this  type  of 
hoist  is  met  with  in  the  majority  of  cases.  There  are 
a  great  many  other  types,  all  of  which,  however,  can 
be  handled  in  the  same  way  as  indicated  above  with 
proper  allowance  made  for  the  special  characteristics. 
The  characteristics  of  the  conical  drum  and  reel  hoists 
are  such  that  an  accurate  determination  of  the  load 
diagram  is  rather  tedious  but  a  sufficiently  close  ap- 
proximate estimate  can  be  made  along  the  same  lines 
as  indicated  above. 


Motors  in  the  Pulp  and  Paper  Industry. 


E.   C. 

M<  )TOKS  ill  pulp  and  i)aper  mills  have  to 
operate  under  very  severe  conditions  both  as 
to  location  and  nature  of  load.  The  severity 
of  these  conditions  has  often  in  the  past  been  over- 
looked and  the  motors,  with  their  control,  have  not 
been  properly  selected  for  the  work.    Tliis  is  a  matter 


Morse 

In  order  to  obtain  satisfactory  operation  a  paper 
mill  motor  must  be  carefully  chosen  for  its  work.  In 
general,  motors  driving  pulp  and  paper  machinery  are 
located  in  damp  places,  and  the  windings  should  be 
impregnated  to  withstand  moisture.  Motors  located 
in  the  wood  rooms  of  pulp  mills  are  also  exposed  to 


Hi,.    I — MOTOR   DRIVEN    B.\RKF.R 

Driven    1)y    a    15    horse-power,    680    r.p.m.    squirrel-cage 
motor. 

which  should  be  given  careful  attention,  as  paper  and 
pulp  mills  operate  twenty-four  hours  a  da)\  six  days 
a  week,  and  the  shutting  down  nf  any  one  machine 
may  cri]iple  the  whole  mill. 

Tn  a  recent  paper,  one  of  the  firm  members  of 
S.  D.  Warren  &  Company  expressed  liimself  as  fol- 


!  I...   J      ICIGnTV-FOUR   INl  ;1     ..:..     ..:..,;.....-, 

Each  driven  by  a  ten  horse-power,  840  r.p.m.,  squirrel- 
cage  motor. 

temperature  changes.  They  must  be  able  to  develop 
a  high  starting  torque  to  overcome  the  abnormally 
high  static  friction  in  machines  and  shafting  which 
have  stood  over  Sunday  in  a  temperature  in  many 
cases  far  below  zero.  The  resistance  furnished  with 
wound  secondary  motors  .should  be  designed  for  very 
heavy  starting  duty  to  withstand  this  service. 


FU..    _' — THREE-KKKFT    .MOTOR    DRIVEN    GRINDERS 

Each  direct  connected  to  a  400  horse-power,  205  r.p.m., 
s<iuirrt'l-cage  motor. 

lows   regarding  what  is   required   in   a   motor  by   the 

paper  manufacturer: — 

"The  prime  requisite  from  a  paper  manufacturer's  point 
of  view  is  continuity  of  service.  To  insure  this  the  motor 
tnust  he  of  ruK.iiod  meclianical  design,  witli  ample  bearings : 
capable  of  withstanding  reasonable  overloads  for  a  consider- 
alilc  period  without  undue  heating :  accessible,  so  tliat  it  can 
easily  be  cleaned  and.  in  case  of  trouble,  be  repaired  easily 
and  quickly ;  and  must  be  able  to  hang  on  and  not  'pull  out' 
even  under  great  variations  of  voltage.  Efficiency,  power- 
factor  and  starting  torque  arc  all  wortliy  of  consideration, 
but  are  not,  to  my  mind,  as  important  as  the  points  above 
mentioned." 


KIG.  4 — GKuUl'  ul    MoluK-LlRlVEN    HE.\TERS 

Two  beaters  are  driven  by  a  75  horse-power,  580  r.p.m., 
slip-ring  motor. 

More  attention  should  also  be  paid  to  the  tvpe 
and  location  of  control  equipment  than  in  plants 
operating  only  eight  to  ten  hours  per  day ;  the  equip- 
ment should  be  very  rugged  and  of  a  tApe  which  may 
be  easily  and  quickly  repaired.  Nearly  all  loads  in 
pulp  and  paper  mills  either  demand  a  high  starting 
torque  or  have  high  peaks  in  their  demand  for  power. 
Therefore,  protective  devices  should  be  provided  with 
inverse  time  element  overload  protection,  as  should 
also   the    feeder   switches.      In    manv   cases   a   cheap 
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ammeter  added  to  the  motor  equipment  will  pay  for 
itself  many  times.  For  instance,  it  will  show  the 
operator  whether  he  is  using  too  much  or  not  enough 
power,  and  will  often  serve  as  an  indicator  as  to  the 
condition  of  the  machine.  Thus,  in  the  case  of  a 
Jordan  drive  it  will  show  whem  the  plug  need;  chip- 
ping or  renewing  and  will  save  the  manufacturer  many 
kilowatt  hours  in  power  consumed. 

All  pulp  and  paper  mills  should  use  alternating- 
current  power.     This  is  because  of  the  simplicity  of 


LOW  PRESSURE  STEAM 

There  is  a  large  demand  for  low  i^ressure  steam  in 
every  paper  mill.  It  is  always  preferable  to  have  this 
steam  free  from  oil  and  in  some  cases  it  is  imperative. 
Using  high  pressure  steam  through  a  reducing  valve 
is  a  waste  of  energ\-.  An  automatic  bleeder  turbine 
will  deliver  automatically  just  the  amount  of  low 
pressure  steam  required,  free  from  oil,  and  at  the 
pressure  required  for  the  manufacturing  purposes, 
after  having  transformed    into   electrical    power   the 


FIG.    5 — JORDAN 

Direct  connected  to  a  loo  horse-power,  316  r.p.m.,  squir- 
rel-cage motor. 

the  alternating-current  motor  and  its  ability  to  oper- 
ate under  the  severest  conditions.  The  fact  that  it 
can  be  impregnated  against  moisture  and  will  stand 
heavy  overloads  gives  it  a  great  advantage  over  the 
direct-current  motor.  Exception  to  this  may  be  found 
in  case  of  the  variable  speed  end  of  the  paper  ma- 
chine and  in  the  finishing  department  (See  note  6) 

In  Table  I  are  listed  the  principal  machines  to  be 
found  in  pulp  and  paper  mills,  together  with  the  usual 
methods  of  drive  when  motors  are  used.    The  various 


FIG.   6 — CONSTANT   SPEED   END   OF   PAPER    MACHINE 

Belted  to  a  50  horse-power,  680  r.p.m.   squirrel-cage   in- 
duction motor. 

special  points  that  should  be  taken  care  of  in  the 
motor  and  control  are  indicated  without  any  attempt 
being  made  to  specify  horse-power  or  speed  require- 
ments, which  vary  widely,  depending  on  kind  of  pulp 
used,  paper  made  and  on  the  methods  used  in  the 
particular  mill. 


FIG.  7 — DRIVE  FOR  VARIABLE  SPEED  END 

Seventy-five  kilowatt  motor-generator  set  for  supplying 
direct-current ;  75  horse-power,  180-720  r.p.m.  direct-current 
adjustable-speed  motor;  exciter;  and  push-button  operated, 
magnetic-switch  control  panel. 

energ}-  in  the  steam  between  boiler  pressure  and  the 
lower  pressure  desired.  It  will  automatically  pass  any 
excess  steam  required  to  carry  the  connected  electrical 
load-,  to  the  condenser,  thus  using  all  the  available 
energy  of  the  steam  when  it  left  the  boilers. 

This  bleeder  turbine  enables  the  manufacturer  to 


FIG.  8 — PUSH-BUTTON   CONTROL   PANEL   AND    SPEED   INDICATOR 

use  electric  drive  on  his  paper  machines  and,  without 
having  to  use  steam  direct  from  the  boilers  for  dry- 
ing, gain  in  speed  regulation,  total  steam  consumption, 
maintenance,  labor  and  ease  of  control,  all  of  which 
will  enable  him  to  make  better  paper  cheaper. 
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TABLE  I-PpWER  CHARACTERISTICS  OFPULP  AND  PAPER  .MII.L    MACHINERY 
I't'LP   MILL    MACHINERY 


Machine. 


Starting    Duty. 


Motor 


Running  load.       Method  of  Drive. 


Type. 


Control 


arki. 


Saws 


GENERAL  FOR  ALL  WOOD  PULP  MILLS. 


Log  hauls 

Conveyors 
Barkers 


ypHtters 
Wet   machines 


Heavy  —  need 
I      high       starting 
torque 

Fairly  severe 


Fluctuating  — 
high  pull  -  out 
torque 

Steady 


Belt 


{  Squirrel-cage 
f  Slip- ring 


I.  t.  e.  overload 
I.  t.  e.  overload 


Fairly  severe  I  Steady 

Fly-wheel    effect    !  Fairly    steady 


Belt  or  chain  Squirrel-cage  :  I.  t.  e.  overload 


Fly-wheel    effect 
I  Light 


Fluctuating 
Steady 


Belt  or  chain  Squirrcl-cage 

Group,  Slip-ring 

Direct  -  connected    Squirrel-cage 

Belted   — usually    Squirrel-cagc 

from    group- 
licit  or  gear  ,  Squirrel-cage 


SPECUL   FOR   GROUND   WOOD   PULP  MILLS 


I.  t.  e.  overload 
3     min.     starting 
resistance 

I.  t.  e.  overload 
I.  t.  e.  overload 
I.   t.   c.   o\crIoarI 


Grinders — 3  pock-    Not  over  full  load    Steady 
et  type  torque 


Grinders  —  maga- '  .May    have    over  i  Steady 
zinc  t.vpe  I      full  ioaj  torque  I 


Screws 
Pumps 


Light 
i  Light 


Steady 
Steady 


.1. 


Direct  -  connected  Squirrel-cage  or  L  t.  e.  overload 
hrough  flexi- 1  synchronous  ,  L  t.  e.  over  oad 
Die  coupling       ' 


Direct  -  connected  I  Squirrel-cage     o  r    r.  t.  e.  overload 
as  above  |       slipring  L  t.  e.  overload 


Squirrel-cage 


Belted 


Belted   or   direct- 1  Squirrel-cage 
connected 


I.  t.  e.  overload 
I.  t.  e.  overload 


C'hippers 


Conveyors 
Screws 
Acid  plant 


GENERAL  FOR  SULPHATE-SULPHITE-SODA  PULP  MILLS 


Fly-wheel  effect       Very     fluctuating     Belted 


Fairly  severe 

Light 

Light 


Steadv 
Steadv 
Steady 


Belt  or  chain 

Belted 

Belted 


Squirrel   -    cage 
large  slip 

.Squirrel-cage 
.Squirrel-cage 
.Squirrel-cage 


I.  t.  e.  overload 


;  I.  t.  e.  overload 

I.  t.  e.  overload 

,  I.  t.  e.  overload 


GENERAL  FOR  PULP  FROM  RAGS  OR  OLD  PAPERS 


Rag  cutters  Light 

Dusters  Light 

Bleach  boilers  Fairly  heavy 

Kollcrgangs   or  Fairly  heavy 
edge  runners 


Fluctuating 

Steadv 

Steady 

Steadv 


Belted 
Belted 
Belted 

Bolted 


Squirrel-cage 
S'lnirrcl-cage 
Squirrel-cage 


'  I-  t.  e.  overload 
I.  t.  e.  overload 
I.  t.  e.  overload 


Squirrel-cage  L  t.  e.  overload 


Pumps 
Bi-aters 
Beaters 
Beaters 
Beaters 
Beaters 
Beaters 
Jordans 


PAPER  MILL  MACHINERY 


I  If     inditiduil     drive. 
if  sroup  drive. 
Exposed       to       temp. 

changes. 
Exposed       to       temp. 

changes. 

Speed    either    580    or 
690    r.p.m. 


Require     about      400 
hp.     per     each     3- 

Socket      grinder, 
lay    connect    1    to 
6   to  each  motor 
New      type      requires 
about      1200      hp. 
each. 


Needs    motor    with 
I      pullout  torque  2  or 
3    times    full    load 
torque 


Very  dusty 

Very  dusty 

Machine  very  lovi- 
speed 

Slow  speed  with  ver- 
tical   shaft. 


Light 

Very  severe 
Very  severe 
Very  severe 
Very  severe 
Very  severe 
Very  severe 
Light 
Light 


Jordans 

Paper   machines . 

Constant     speed  Light 

end 
Variable     speed  I  Severe 
end 


Coating  machines   '  Fairly  Light 
Coating  machines     Fairly  Light 

Color  mixers  Fairly  Light 

Satm   white  plant ,  Fairly  Light 
Cutters  I  Fairly  Light 


Steady 

Very  fluctuating 

Very  fluctuating 

Very  fluctuating 

Very  fluctuating 

Very  fluctuating 

Very  fluctuating 

Fluctuating 

Fluctuating 

Steady 

Steady 


Belt,  chain,  di- 
rect -  connected 
or  geared 

Belted — group 


Belted    in    group 
with   idler 


Squirrel-cage 

Slip-ring 

Squirrel-cage 


Standard    with    I. 

I       t.  e.  relay 

3  min.  starting 
resistance  and 
I.   t.  e.  relay 

I.  t.  e.  relay 


Belted     each     to    Squirrel  -  cage    or 
own   motor  '       slip-ring 


Two      belted      to 
own  motor 


Squirrel  -  cage    or 
slip-ring 


Chain  drive,  each    Squirrel  -  cage    or 
to  own  motor  slip-ring 

Chain    drive,    two    Squirrel  -  cage    or 
to  same  motor  ;       slip-ring 

Belted    to    line    Squirrel-cage 
shaft 

Direct  -  connected    Squirrel-cage 

Belted  ^  Squirrel-cage 

I  Belted    or    direct  j  Direct    -    current 
I      connected  ,        motor.     (See 

note  1). 


I.  t.  e.  relay  also 

heavy     starting 

resistance 
I.  t.  e.  relay  also 

heavy     starting 

resistance 
I.  t.  c.  relay  also 

heavy    starting 

resistance 
I.  t.  e.  relay  also 

heavy    starting 

resistance 
I.  t.  e.  relay 

I.  t.  e.  relay 
I.  t.  e.  relay 
I.  t.  e.  relay 


May  require  at  least 
twice  full  lo  a  d 
torque    on    start 

Need  only  full  load 
torque  or  less  on 
start 

May  require  1.5  to  2 
times  full  load 
torque   on   start 

May  require  1.5  to  2 
times  full  load 
torque  on  start 

May  require  l.b  to  2 
times  full  load 
torque  on  start 

May  require  1.5  to  ** 
times  full  load 
torque  on  start 

-Vot  over  full  load 
torque    on    start 

Not  over  full  load 
torque  on  start 

Close  speed  regula- 
tion wanted 

See   note    1 


FINISHING    MILL    MACHINERY 


Calenders    (web) 
Calenders    (web) 


Fairly  Light 
Fairly  Light 


Calenders    (sheet)    Fairlv  Light 
Calenders    (sheet)    Fairly  Light 


Platers 
Platers 


Fairly  Light 
Fairly  Light 


Steady 
!  Steady 

Steadv 
Steadv 
Steady 


Fluctuating 
Fluctuating 

Steadv 
Steady 

Fluctuating 
Fluctuating 


Belted  in  group 
Individual    drive 
(See    note    2) 
Belted  In  group 
Belted  in  group 
Belted    in    group 
or     geared     to 
individual    mo- 
tor. 
Belted   in  group 
Individual    drive 
(See    note    3) 
Belted    in   group 
Individual     drive 
( See    note    4 ) 
Belted   in  group 
Individual    drive 


I.  t.  e.  means  inverse  time  element. 


1  Squirrel-cage 
D.    C.    or    A.    C. 

L  t.  e.  relay 
I.  t.  e.  relav 

See  note  S 

variable    speed 

Squirrel-cage 

I.  t.  e.  relay 

Squirrel-cage 

I.  t.  e.  relav 

Squirrel-cage 

I-  t.  e.  relay 

Squirrel-cagc 

1.  t.  e.  relav 

D.    C.    or    A.    0. 
variable    speed 

I.  t.  e.  relay 

See  note   3 

Squirrel-cage 

L  t.  e.  relav 

D.    C.    or    A.    0. 
variable    speed 

1.  t.  e.  relay 

See  note  4 

Squirrel-cage 

L  t.  c.  relay 

Squirrel-cage 
(See    note    6)    1 

I.  t.  e.  relay 

See  note  6 

I.SI 
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NOTE    I — PAPER    MACHINE   UIUVE,   VARIABLE   SPEED   END 

Using  steam  engine  or  line  shaft  drive  on  the  variable 
speed  end  of  paper  macliines  in  the  past,  the  speed  variation 
has  been  obtained  liy  tlie  use  of  chain  gears,  step  cone  pul- 
leys, plain  cone  pulleys,  Moore  &  White  variable  speed 
drive  or  Reeves  varial/le  speed  drive.  If  alternating-current 
motors  are  used  to  drive  the  variable  speed  end.  any  one  of 
tlie  above  variable  speed  devices  may  be  used  in  connection 
with  the  motor,  in  which  case  a  standard  squirrel-cage  type 
of  motor  is  satisfactory. 

The  variable  speed  end  of  newspaper  machines  has  been 
driven  successfully  by  the  use  of  resistance  type  alternating- 
current  motors,  obtaining  the  speed  range  by  a  drum  con- 
troller and  resistance.  This  method  of  drive  is  not  satisfac- 
tory in  most  cases  if  the  speed  variation  desired  is  more  than 
20  percent.  This  is  due  to  tlie  close  speed  regulation  with  a 
slightly  fluctuating  load  wliich  is  required  on  the  paper  ma- 
chine. 

If  a  wider  variation  than  20  percent  is  desired,  the  best 
and  iTiost  satisfactory  method  of  obtaining  this  speed  range 
wlicn  the  variable  speed  end  of  the  paper  machine  is  elec- 
trically driven,  is  by  the  use  of  a  direct-current  adjustable 
or  variable  speed  motor.  The  speed  range  required  on  the 
variable  speed  end  of  paper  macliines  varies  from  i5  or  20 
percent  up  to  a  speed  range  of  lo:l.  Any  desired  speed  range 
within  the  above  limits  can  be  taken  care  of  satisfactorily 
by  the  use  of  a  direct-current  motor. 

Tlic  best  method  c^f  securing  such  an  extreme  range  of 
speed  control  is  to  belt  or  direct  connect  a  direct-current  ad- 
justable speed  motor  to  the  variable  speed  line  of  the  paper 
macliine,  as  shown  in  Fig.  7,  this  motor  to  obtain  its  power 
frotri  a  direct-current  generator  of  proper  capacity  for  this 
individual  inotor.  The  field  of  this  direct-current  generator 
and  tlie  field  of  the  direct-current  motor  should  be  separately 
excited  from  a  small  exciter,  which  may  be  belted  or  direct 
connected  to  the  generator.  The  higher  speeds  are  then  ob- 
tained l)y  reduced  excitation  of  tlie  motor  and  the  very  low 
speeds  by  reduced  excitation  of  the  generator  and  maximum 
excitation  of  the  motor.  The  generator  referred  to  may  be 
driven  by  an  alternating-current  motor  as  a  part  of  a  motor 
generator  set.  or  by  an  engine  or  by  a  steam  turbine.  If 
driven  by  an  alternating-current  motor,  this  latter  should  pre- 
ferably lie  of  the  synchronous  type,  in  ordei;  that  the  speed 
regulation  of  the  motor  may  be  the  best  possible. 

The  control  of  the  variable  speed  motor  may  be  handled 
entirely  from  a  push  button  station,  such  as  shown  in  Fig.  8. 
which,  used  in  connection  with  a  magnetic  type  starter  and 
a  motor  operated  field  rheostat,  makes  the  control  entirely 
automatic  and  the  operation  about  as  follows: 

Push  the  start  button — motor  accelerates  to  a  minimum 
running  speed. 

Pusli  the  fast  button — motor  accelerates  to  desired  oper- 
ating speed  as  shown  on  the  speed  indicator. 

Push  the  slozv  button — motor  slows  down  any  desired 
amount. 

Push  the  stop  button — motor  at  once  stops. 

The  user  has  two  alternatives  in  connection  with  the  set- 
ting of  the  speed  controller  on  stopping  the  motor.  The  first 
method  causes  the  speed  regulator  to  be  automatically  turned 
to  maximum  field  position,  so  tliat  the  inotor  on  again  start- 
ing up  will  accelerate  to  its  minimum  operating  speed.  The 
second  method  leaves  the  speed  regulator  set.  and  the  motor 
on  again  starting  automatically  accelerates  to  the  previous  op- 
erating speed. 

.\notlier  modification  of  the  above  control,  reducing  the 
i:ost  somewhat  and  just  as  satisfactory  on  a  small  machine, 
is  to  eliminate  the  automatic  feature  on  the  speed  control, 
making  the  starting  and  stopping  from  a  push  button  station 
only,  and  tlie  speed  control  from  a  baud  operated  regulator 
on  the  control  panel. 

NOTE    2 — DRIVE    OF    COATING    MACHINES    AND    WINDER 

In  order  to  obtain  the  maximum  production  from  any 
given  coating  machine,  it  is  of  great  advantage  for  the  oper- 
ator to  be  able  to  vary  the  speed  over  a  considerable  range, 
and  of  course  the  winder  speed  must  be  varied  over  the  same 
range.  As  both  coating  machines  and  winders  are  primarily 
constant  torque  propositions,  it  is  possible  to  use  an  alter- 
nating-current variable  speed  motor  for  this  work.  If  direct- 
current  is  available,  a  mucli  simiiler,  more  efficient  and  more 
satisfactory  drive  can  be  obtained  by  the  use  of  direct-current 
adjustable  speed  motors.  The  direct-current  motors  may  be 
equipped  with  automatic  starters  with  push  button  control 
for  starting  and  stopping  and  a  hand  operated  speed  regu- 
lator. 

NOTE  3 — ^DRIVING  OF  WEB  CALENDERS 

To  operate  web  calenders  successfully  the  following 
conditions  must  be  met : 

A — Obtain  a  uniform  "threading  in"  speed,  which  is  usu- 


ally about  one-teiuli  to  one-twelfth  of  normal  run- 
ning speed. 
B — Obtain  smooth  acceleration  from  "threading  in"  speed 

to  maximum  speed. 
C — Must  be  possible  to  easily  and  quickly  slow  down  and 

again  accelerate  to  operating  speed. 
D — Must  be  able  to  operate  at  various  speeds,  from  50  to 
100  percent  of  maximum  sjieed  in  order  to  accom- 
modate various  grades  and  conditions  of  paper. 
E — Should   be   able   to   shut   down    motor  ■  from   various 

points  about  the  calender. 
F — Control  should  be  simple  and  extremely  reliable. 
G — Quick  stopping  of  calender  should  be  obtained.     The 
slow  or  threading  in  speed  may  be  obtained  by  the 
use  of  a  small  separate  motor  with  proper  gearing 
and  clutches,  or  by  the  use  of  proper  clutches  and 
gearing  in  connection  with  the  large  motor  used  for 
operating  at  the  high  speed.     If  a  small   motor  is 
used  for  the  slow  speed,  it  should  be  of  the  squirrel- 
cage  type  for  alternating  current,  and  if  for  direct- 
current,  of  the  shunt-wound  type. 
Fc^r   the  large  motors,   if   alternating  current   is   used   to 
drive  the  calender,  a  slip-ring  type  can  be  used  with  a  drum 
controller  and  resistance,  so  designed  that  the  speed  may  be 
reduced   from   maximum   to  approximately   one-half   at    full- 
load  torque.    The  primary  of  this  motor  should  be  controlled 
by  solenoid  operated  switches  which  in  turn  may  be  operated 
from  push  buttons  located  around  the   calender,  and  should 
also  be  so  interlocked  with  the  drum  controller  that  the  con- 
troller must  always  be  returned  to  the  off  position  before  the 
solenoid  switches  can  again  be  closed. 

If  direct-current  motors  are  used,  the  large  motor  should 
be  of  the  adjuslable-speed  type,  based  on  approximately  con- 
stant torque  duty  with  a  speed  range  of  2:1.  The  starting 
and  accelerating  of  this  motor  should  be  automatic  by  means 
of  magnetically  operated  switches  which  may  be  operated  from 
push  button  stations  located  around  the  calender  and  so  in- 
terlocked with  the  speed  regulator  that  they  cannot  be  closed 
until  the  speed  regulator  is  returned  to  the  off  position :  or 
the  speed  regulator  should  be  equipped  with  field  relays  in 
order  that  the  motor  cannot  be  started  on  a  weak  field. 

NOTE  4 — DRIVE   OF   SHEET    CALENDER 

Sheet  calenders  require  constant  torque  over  a  range  of 
speeds,  and  to  obtain  maximum  production  it  should  be  pos- 
sible to  vary  the  speed  from  maximum  to  50  percent  of  maxi- 
mum. The  power  required  for  sheet  calenders  is  much  less 
than  for  web  calenders,  and  slip-ring  type  motors  equipped 
with  drum  controllers  and  resistance  for  continuous  operation 
on  any  notch,  and  for  reducing  the  speed  to  one-half  maxi- 
mum, based  on  constant  torque  operation,  can  be  used  satis- 
factorily. If  direct-current  motors  are  used  they  shoidd  be 
of  the  adjustable  speed  type  with  approximately  a  2:1  speed 
range  based  on  a  constant  torque  rating ;  the  controller  may 
be  hand  operated  both  for  starting  and  regulating  as  it  can 
be  mounted  adjacent  to  the  operator's  position. 

NOTE  5 — PLATER  DRIVE 

Tlie  load  on  a  motor  driving  platers  individually  is  very 
fluctuating,  and  these  high  peaks  of  load  occur  several  times  a 
minute  while  the  plater  is  in  actual  operation.  The  only  suc- 
cessful method  to  date  of  driving  platers  by  individual  mo- 
tors, consists  of  a  motor  carrying  a  beveled  pinion  on  the 
motor  shaft,  meshing  into  bevel  gears  which  are  alternately 
thrown  on  and  otT  by  means  of  friction  clutches  operated 
hydraulically :  in  order  to  assist  this  motor  in  its  work  it 
should  have  a  fairly  high  slip  and  carry  a  small  flywheel  on 
the  opposite  end  from  the  bevel  pinion,  and  should  preferably 
have  an  outboard  bearing  outside  of  the  flywheel. 

NOTE    6 — COATING    AND    FINISHING    ROOM    MACHINERY 
REQUIRING  VARIABLE   SPEED 

There  are  many  advantages  to  be  derived  by  tlie  use 
of  adjustable  speed  direct-current  motors  over  alternat- 
ing-current motors  in  connection  with  this  type  and  class 
of  machinery,  which  may  be  briefly  stated  as  follows : : — 
I — Control  of  motors  simpler  and  more  easily  worked  out : 
2 — automatic  speed  control  liy  means  of  push  buttons  if  de- 
sired ;  3 — more  intermediate  speed  steps  between  minimum 
and  maximum  speed  ;  .4*— dynamic  Ijraking  can  be  used  foi" 
quick  stopping  of  machine ;  5 — greater  torque  available  at 
minimum  speed  than  at  maximum  ;  6 — close  speed  regulation 
at  any  speed  setting,  even  though  the  torque  is  clianged :  - — if 
motor  is  operated  at  lower  speed  for  any  considerable  amount 
of  time,  a  material  saving  in  power  is  obtained. 

It  is  therefore  often  advisable  to  very  seriously  consider 
the  installation  of  direct-current  in  the  finishing  and  coating 
departments  of  a  paper  mill,  even  though  alternating-current 
should  be  used  in  the  remainder  of  the  plant. 


The  Field  of  the  Storage  Battery  Locomotive 


W.    M.    ROBBINS 

INTEREST  in  the  application  of  storage  batteries 
to  locomotives  has  become  widespread  since  the 
development  of  the  present  rugged  types  of 
storage  cells,  and  a  well  founded  faith  exists  in  their 
advantages  with  respect  to  safety,  convenience  and 
economy  for  industrial  and  mine  service.     It  is  well 


where  this  type  of  locomotive  may  be  recommended, 
by  giving  brief  illustrated  descriptions  of  machines  ac- 
tually built,  by  outlining  the  deciding  factors  in  a 
consideration  of  correct  applications,  and  also  what 
sizes  of  locomotives  are  in  greatest  demand,  as  indi- 
cated bv  manufacturers  standards. 


FIG.    I — A   THREE   TON    B.\R-STEEL   FR.\ME   INi:ir>lkIAL    LOCOMOTIVE 

For  handling  ash  cars  in  power  plant  of  a  traction  com- 
pany. Equipped  with  an  80  volt  motor,  with  fields  divided 
in  halves  for  benefit  of  series-parallel  control.  Hood  for 
protection  against  dripping  water.  Gauge,  26  inches ;  height, 
48  inches ;  battery,  40  cells  of  Iron-Clad  Exide,  MV-9,  capac- 
ity 216  ampere-hours. 

known  that  there  is  a  big  field  for  machines  designed 
with  the  right  characteristics  and  equipped  with  the 
right  batteries.  That  the  boundaries  of  this  field  of 
application  are  hazy  to  many  has  been  shown  by  the 
flood  of  inquiries  sent  to  manufacturers  and  consult- 


Flr,.  2 — \  3.5  TON   B.VR-STEET.   FR  \  M  !     i MOTIVE 

For  service  in  metal  mines  having  a  slight,  uniform 
grade  in  favor  of  loaded  cars.  Equipped  with  two  80  volt 
motors  with  divided  fields  permitting  full  benefit  of  series- 
parallel  control.  Motors  suspended  towards  couplers  to  allow 
inspection  of  commutators  without  removing  battery.  Gauge, 
24  inches :  height,  46  inches ;  battery,  70  cells,  Edison  .\-4, 
capacity   150  ampere-hours. 

ing  engineers,  for  information  on  locomotives  from 
one-h;df  to  75  tons  in  weight,  which  wide  range 
covers  many  conditions  where  success  would  be  met 
and,  on  the  other  hand,  conditions  where  some  other 
form  of  electric  haulage  would  be  decidedly  more  de- 
sirable.     It   i-    the  object   of   this   article   to   indicate 


FIG.  3 — LOCOMOTIVE    WITH    TI,  ;,„  .,.,. 

IX   MORE   TH.^X   OXE  BOX 

To  decrease  the  weight  of  battery  to  be  handled  at  one 
time. 

Appreciation  of  the  advantages  of  electric  haul- 
age over  manual,  animal,  compressed  air,  internal- 
combustion  and  other  motive  powers,  has  led  a  few 
to  believe  that  the  storage  battery  locomotive  is  a 
cure-all,  that  is,  will  do  anything  a  trolley  locomotive 
of  equal  weight  will  do  and  without  the  complication 
of   a   trolley   wire.      Sccund    thought   shows   that   the 


FIG.   4 — FROXT-l..\l.i   VIEW  OF  3.5   TOX   B.\R-STEEL    MINE  LOCOMOTIVE 

Showing  accessibility   of   motor  and   convenient  location 
of  panel  on  which  are  mounted  meters  and  switch. 

battery,  being  a  portable  power-plant,  has  a  compar- 
atively low  limit  to  its  capacity.  With  thi?  storage 
cell  in  its  present  state  of  development,  no  one  would 
reconmiend  it  for  the  almost  continuous  main  haul 
service  in  coal  mines,  where  trolley  locomotives  of 
from  10  to  30  tons  in  weight  are  used,  operating  over 
heavy  grades  at  the  high  speeds  (for  this  work)  of 
seven  to  ten  miles  per  hour.  In  many  cases  where  it 
is  not  so  easy  to  decide  between  trolley  and  battery, 
the  local  condition  must  be  studied  in  detail. 
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Haulage  propositions  may  be  classified  as  fol- 
lows : — 

I — Those  cases  where  it  is  obvious  that  only  trolley  lo- 
comotives will  he  feasible. 

^ — Those  cases  where  obviously  only  the  battery  locomo- 
tive will  be  feasible. 

_? — Those  cases  where  the  choice  depends  on  a  careful 
study  of  the  relative  advantages  in  connection  with  local 
conditions. 

In  coal  mines  the  limited  space,  the  large  amount 
of  power  required  and  the  steady  all-day  duty  over 
long  hauls,  practically  eliminates  the  possibility  of 
using  storage  cells;  this  is  an  example  of  Case  /. 

Under  Case  2  come  locomotives  operating  within 
factories,  shops,  tunnels,  or  navy  yards,  boiler- 
rooms,  etc.,  where  a  trolley  wire  would  be  dangerous 
or  interfere  with  cranes,  or  the  like.  This  class  usual- 
ly requires  locomotives  of  from  2.5  to  7  tons  in 
weight,  and  capacities  of  battery  which  can  be  applied 
without  difficulty  to  meet  the  various  requirements  ot 
weight,  dimensions,  charging  and  discharging  voltage. 
A  typical  machine  of  this  class  is  shown  in  Fig.  i. 

In  Case  j,  there  may  be  no  objections  to  trolley 
wire,  or  no  choice  between  the  convenience  of  the  two 


metal  mines  and  ore  transportation  tunnels  because 
the  grades  are  uniform  and  about  one-half  percent  in 
favor  of  loads.  Much  attention  is  being  given  to 
gathering  service  in  coal  mines,  where  great  savings 
have  been  made  over  animal  power  by  locomotives 
operating  on  trolley  wire  in  the  branch  entries,  and 
employing  cable  reels  to  get  the  cars  from  the  rooms 
where  no  trolley  is  installed.  The  grades  are  often 
heavy  and  against  the  loads.  Still  greater  savings 
could  be  efifected  by  eliminating  the  trolley  wires,  bond- 
ing and  labor  of  installation,  provided  storage  locomo- 
tives could  be  built  within  the  dimensions  and  weight 
limits  required  in  a  mine  and  of  sufficient  kilowatt- 
hour  capacity  to  operate  all  day,  (with  possibly  a  half- 
hour  boost  at  noon)  under  the  severe  conditions- 
existing  in  mines.  In  many  cases  it  has  been  deter- 
mined that  to  do  about  the  same  work  as  a'  five-ton 
trolley  gatherer  (which  replaces  a  number  of  mules) 
in  hilly  mines,  would  require  a  storage  capacity  that 
would  make  it  impossible  to  get  the  battery  locomo- 
tive within  the  dimension  limits,  or  keep  the  weight 


FIG.    5 — A    FOUR   TON,   24   INCH    C.\UGE     METAL-MINE     LOCOMOTIVE 

Hauling  40  cars,  weighing  80  tons,  over  uniform  "water  level"  grade  in  favor  of  loads.  On  account  of 
the  narrow  gauge  the  motors  are  mounted  high  and  connected  to  the  axles  through  gears  and  side-rods. 
The  battery  is  carried  on  a  tender  and  the  locomotive  may  secure  power  from  the  battery  tender  or  from  a  trolley. 


;  battery 

types;  economy  being  usually  the  main  consideration. 
Examples  are,  outdoor  switching  in  various  industrial 
works,  metal  mine  haulage,  coal  mine  gathering,  etc. 
Of  course,  the  comparison  must  include  every  part  of 
the  system  contributing  to  the  haulage  costs.  A 
trolley  locomotive  is,  in  itself,  more  rugged,  less  com- 
plicated, lower  in  price  and  more  desirable ;  re- 
quires no  attention  after  the  days  work,  except  occa- 
sional inspection  and  over-hauling ;  can  operate  double 
shift  when  occasion  demands,  without  regard  to  a 
predetermined  kilowatt-hour  consumption  limit;  and 
has  a  longer  life  than  a  battery  locomotive.  On  the 
other  hand,  a  storage  machine  is  self-contained ;  can 
utilize  power  available  at  night,  when  the  load  on  the 
generators  is  light;  and  saves  the  labor  and  material 
costs  of  bonding  rails  and  installing  trolley  wires  and 
feeders.  Each  individual  case  is  to  be  decided  in- 
dependently of  others. 

The  battery  locomotive  has  been  adopted  in  many 


down  near  that  required  for  adhesion.  On  the  other 
hand  there  are  many  cases  where  well  proportioned 
locomotives,  (with  regard  to  weight,  motors  and  bat- 
tery) can  be  used  to  great  advantage.  Incidentally,  it 
will  often  be  found  desirable  to  use  a  battery  gatherer 
of  the  capacity  of  two  or  three,  rather  than  eight  or 
ten  mules. 

In  this  new  field  it  is  necessary,  if  best  results- 
are  to  be  expected,  to  study  the  gathering  cycle  much 
more  closely  than  is  commonly  done  in  recommending; 
trollev  gatherers.  In  the  cases  where  the  battery 
locomotives  can  safely  be  used,  it  is  believed  that  the 
the  mine  operator  will  take  care  to  promote  his  own 
welfare  by  providing  proper  charging  facilities,  in- 
spection and  careful  operators.  To  get  best  results 
from  a  mule  it  must  be  watered,  fed,  shod,  properly 
harnessed  and  worked  within  its  capacity;  battery  re- 
quirements are  different,  but  no  more  complicated,  and: 
must  be  attended  to  just  as  carefully. 
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Mine  and  industrial  locomotives  usually  operate 
on  narrow  gauges  and  have  limits  of  space  and  weight 
which  prevent  applying  a  battery  of  the  capacity  de- 
sired. While  in  a  few  cases  conditions  permit  placing 
the  battery  on  a  separate  tender,  the  self-contained 
unit  has  the  advantage  of  smaller  cost. 

For  out-door  service,  with  wide  gauge  and  ample 
space,  as  a  rule,  if  the  work  is  steady  throughout  the 


FIG.    6 — A    5.5    TON    I.NDUSTKIAL    LOcO.MuTIVE    FOR    OUI-DOOK    VAKD 
SERVICE  AT  A  PULP   AND  PAPER   MILL 

Equipped  with  two  60  volt,  divided  field  motors  and 
series-parallel  control.  Gauge,  36  inches ;  battery,  Edison 
A-8,  capacity  300  ampere-hours. 

day,  and  over  ten  tons  adhesive  weight  is  required, 
more  than  one  group  of  cells  will  be  operated  in 
parallel,  and  the  first  cost  of  the  locomotive  will 
usually  be  prohibitive.  Exceptions  to  this  are  how- 
ever, sometimes  found.  If  the  service  is  intermittent, 
such  as  switching,  not  requiring  large  kilowatt-hour 
capacity,  yet  requiring  adhesive  weight  much  above 
ten  tons,  batteries  of  the  best  types  can  be  worked  at 
high  discharge  rates,  and  reasonable  priced  locomo- 
tives used,  such  as  shown  in  Figs.  8  and  9. 
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FIG.    7 — .-V    SI.\     ill.N    B.\K->li:.hL    hKA.Mh    l.lKUMlillVE    FUK    .\ 
GOLD  MINE  IN   ALASK.\ 

Equipped  with  two  80  volt  motors,  each  having  the  field 
winding  divided  in  halves  to  obtain  the  full  benefit  of  series- 
parallel  control.  Gauge,  26  inches  ;  height,  48  inches ;  battery 
68  cells,  Edison  A-io,  capacity  375  ampere-hours. 

With  service  fairly  steady  throughout  the  day, 
locomotives  of  from  2.5  to  10  tons  offer  in  general 
the  greatest  possibilities  of  success.  Standard  loco- 
motives  are  offered   in   these   weights;   the   smaller 


sizes  for  a  minimum  of  as  low  as  18  and  24  inch 
gauges.  The  number  of  cells  is  selected  to  charge 
from  the  available  voltage  but  preferably  from 
standard  no  or  125  volt  circuits,  because  this  permits 
efficient  charging  and  discharging  with  60  or  80  volt 
motors  (depending  on  the  battery).  Motors  are  built 
with  fields  divided  in  halves,  giving  full  advantage  of 
series-parallel  control  which,  with  two  motors,  gives 


FJG.   8 — .\    15    TON    INDCSTRI.VL   TYPE,   SWITCHING   LOCOMOTU'E 
IN    INTERMITTENT   SERVICE 

Handling  lumber  cars,  etc.,  about  the  yards  of  the  Victor 
Talking  Machine  Company.  Equipped  with  two  60  volt,  di- 
vided-field motors,  series-parallel  control,  and  air  brakes. 
Gauge,  56.5  inches;  battery  consists  of  120  cells  of  Edison 
A-8,  operated  in  two  parallel  groups  of  60  cells  each  having 
a  combined  ampere-hour  capacity  of  600. 

three  controller  notches  without  resistance  in  circuit. 
Over-motoring  is  avoided,  to  economize  as  much  as 
possible  in  battery  current.  The  batteries  are  con- 
veniently placed  on  top  and  this  fact  means  that  the 
overall  height  is  in  standard  designs  from  46  to  48 
inches  above  the  rail.  The  motors  are  suspended  so 
that  the  comminutators  may  be  inspected  without  re- 
moving the  battery.  With  two  varieties  of  rugged 
cells  available,  designed  for  severe  service  and  long 
life,  it  seems  that  the  benefits  of  storage  battery  loco- 
motives, will  be  extended  to  the  cases  where  less 
desirable  haulage  systems  are  tolerated,  as  rapidly  as 


FIG.   n — A    j;    T'>N'    HAK->I!r.l.    FKAMt.    1  MiL'STRIAL    SWITCHING 
LOCOMOTn'E  USED  BY  A  CENTR.\L   ST.\TION 

The  service  is  intermittent  and  requires  only  small  kilo- 
watt-hour battery  capacity,  but  large  ampere  discharge  for 
short  periods  when  handling  the  maximum  load,  which  is 
hauling  a  standard  railway  coal  car.  weighing  ~S  tons,  up  a 
short  three  percent  grade  to  the  power  plant.  The  battery 
consists  of  48  cells,  MV-19,  Iron-Clad  Exide. 

these  benefits  are  proven  to  be  realities.  Mis-appli- 
cation need  not  be  feared  if  the  particular  conditions 
are  carefullv  studied. 


Steel-Mill  Motor  Control 


W.   O.   LUM 


IN  STEEL  mills  the  application  of  electric  motors 
extends  from  the  driving  of  blowers,  retjuiring 
little  power  and  a  simple  starter,  to  the  opera- 
tion of  the  main  rolls  on  blooming  mills  where  the 
power  demand  reaches  loooo  to  15000  horse-power 
or  more,  and  where  the  controlling  device  is  neces- 
sarily complex. 

The  solution  of  a  very  large  proportion  of  the 
problems  involved  in  applying  motor  drive  to  steel 
mill  machinery  lies  in  the  controlling  devices.  In  these 
times  of  safety,  speed  and  efficiency,  automatic  devices 
are  coming  into  use  more  and  more,  and  it  is,  there- 
fore, the  purpose  of  this  paper  to  deal  more  particu- 
larly with  automatic  or  semi-automatic  controllers.  A 
brief  outline  of  some  of  the  more  common  methods 
of  modern  control  for  various  mill  uses  will  give  a 
fair  idea  of  the  problems  that  are  to  be  met. 

Plain  X on-Reversing  Self-Starters  are  now  re- 
duced to  a  point  of  extreme  simplicity  by  the  use  of 
contactors  which  have  their  operating  coils  in  series 
with  the  motor.     These  series  contactors  have  their 
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FIG.    I — DYXA.MIC  BR.^KIXG    SCREW-DOWN"    MOTOR   COXTROL 

magnetic  circuits  so  arranged  that  a  sudden  rush  of 
current  through  the  winding  will  hold  the  contactor 
open.  By  means  of  an  adjustment  the  contactor  can 
be  set  to  close  when  the  current  falls  to  the  value 
desired.  Thus  the  series  contactor  will  accelerate  a 
motor  by  the  current  limit  method  without  the  use  of 
auxiliary  devices  of  any  kind.  This  type  of  contactor, 
because  of  its  extreme  simplicity,  appeals  very  strong- 
ly to  the  steel  mill  engineer,  although  at  first  some 
errors  were  made  in  its  application. 

The  ability  of  a  series  contactor  to  remain  closed 
is  dependent  upon  the  motor  current,  and  therefore 
in  all  cases  of  regenerative  loads  it  is  necessary  to  pro- 
vide a  separately  excited  winding  for  holding  the  last 
accelerating  contactor  closed.  Another  limitation  is 
that  the  series  contactor  does  not  lend  itself  at  all 
satisfactorily  to  control  systems  where  speed  control 
by  armature  series  resistance  is  necessary.  In  such 
cases  it  is  not  satisfactory  even  when  used  as  a  relay 
for  operating  shunt  wound  contactors.  The  load 
fluctuations  are  liable  to  allow  the  relays  to  drop  open, 
or,  if  this  be  provided  against  by  the  use  of  interlock- 
ing contacts,   then,   while   running  at   a  given   speed, 


the  next  higher  speed  is  only  possible  if  the  motor 
current  is  at  a  value  sufficient  to  operate  the  series 
relay.  A  satisfactory  system  of  control  for  this  class 
of  service  is  obtained  by  the  use  of  individual  series 
relays,  operating  shunt  contactors.  Such  relays  are 
held  in  the  open  position  by  current  and  in  the  closed 
position  by  gravity,  and  as  a  matter  of  safety  they  are 
better  when  mechanically  interlocked  with  the  con- 
tactors, each  contactor  operating  the  relay  for  the  next 
succeeding  contactor.  Such  a  system  is  probably  a 
little  more  costly  than  some  others,  but  the  absence 
of  intricate  wiring  and  electrical  interlocks  will  prob- 
ably outweigh  this  by  a  saving  in  upkeep  and  delays. 

Aside  from  hoisting  motors,  some  of  the  earliest 
motor  application-;  in  -teel  milh  were  made  upon  roll- 


FIC.  2 — CRAXE    HUIST   CONTROLLER 

Showing  double-throw  contactors  and  mechanically  inter- 
locked accelerating  relay. 

tables.  Some  trouble  was  at  first  experienced  with  the 
motors  themselves,  but  by  far  the  greater  amount  of 
trouble  was  found  in  the  controllers.  It  is  probably 
a  fact  that  the  early  controllers  themselves,  both 
manual  and  automatic  type,  were  responsible  for  a 
great  amount  of  trouble  that  the  motor  was  blamed 
for.  Today,  motors  and  controllers  equally  well  de- 
signed are  available  for  handling  this  class  of  work. 
After  motors  were  successfully  applied  to  roll- 
tables  they  were  tried  for  operating  the  screw-down 
on  two-high  blooming  mills.  \'arious  types  of  con- 
trol have  been  tried  and  abandoned  and  tried  again 
for  this  service.  A  combination  of  very  severe  service 
with  extreme  accuracy  and  speed  required  a  control- 
ler of  quite  a  different  sort  than  the  usual  plugging  or 
dynamic-braking  controllers.  There  are  now  available 
for  this  work  dvnamic-braking  controllers  which  are 


THli  ELECTRIC  JOURNAL 


'57 


all  that  can  be  desired  from  the  staiidi^jiiit  of  accuracy, 
speed  and  endurance.  The  use  of  double  throw  con- 
tactors for  making  the  reversing  and  braking  connec- 
tion has  been  the  greatest  fact.ir  m  the  successful  solu- 
tion of  this  problem. 

Cranes  and  other  unbalanced  hoists  arc  best 
handled  by  series  motors,  since  the  advent  of  methods 
for  operating  in  the  lowering  direction  with  shunt 
motor  characteristics.  Controllers  for  operating  series 
motors  with  the  armature  and  field  in  series  in  one 
direction  and  in  multiple  when  running  in  the  op- 
posite direction  have  been  reduced  to  a  remarkably 
simple  form  and  give  satisfactory  results  in  all  kinds 
of  crane  service. 

Balanced  hoists,  such  as  furnace  skips;  rcc|uire 
compouml    wiiund    nintnr-;    with    controllers    that   will 


give  the  necessar)'  amount  nf  slow  down  at  the  end 
of  each  trip.  This  slow  down  must  be  so  arranged 
that  the  stop  will  always  occur  at  the  same  point 
irrespective  of  the  load  that  is  being  moved.  Every 
precaution  to  avoid  overtravel  is  necessary  on  hoists 
of  this  character  and  for  this  purjjose  the  double  throw 
contactor  again  lends  itself  admirably  for  the  slow- 
down points. 

Lift  tables  for  three-high  blooming  mills  require 
controllers  similar  to  skip-hoists  but  without  the 
variable  slow  down  feature. 

The  adoption  of  motors  for  driving  two-high,  re- 
versing blooming  mills  has  made  necessary  an  entirely 
dift'erent  method  of  control  because  of  the  very  high 
current  values  that  obtain  in  the  armature  circuit.  In 
order  to  reduce  peak  current  demands  upon  the  power 
house  a  Hy-wheel  motor-generator  set  is  usually  pro- 
vided for  furnishing  power  to  the  motor  driving  the 
mill  rolls.  The  armature  of  the  generator  and  the 
mill-motor  are  permanently  connected  by  bus-bars  and 
the  control  is  effected  by  varying  tlie  generator  field 
strength  to  the  point  of  maximum  generator  voltage 


and  by  varying  the  motor  field  for  further  increase  in 
speed.  The  motor  is  reversed  by  reversing  the  gen- 
erator field.  Current-litnit  control  is  possible  through- 
out the  entire  range  of  acceleration  by  the  addition  of 
two  series  relays.  In  order  to  prevent  creeping  of  the 
motor  due  to  residual  magnetism  in  the  generator 
fields,  the  controlling  device  is  arranged  to  connect  the 
generator  field  and  armature  together  in  the  off  posi- 
tion, so  that  the  armature  potential  will  kill  the  field 
flux.  The  motor  of  the  motor-generator  set  is  pro- 
vided with  an  automatic  slip  regulator  so  that  peak 
loads  are  carried  by  the  flywheel.  This  slip  regulator 
is  ordinarily  a  simple  torque-motor,  operating  the 
plates  of  a  liquid  rheostat.  Equipments  of  this  type 
are  giving  excellent  results  in  service. 

Safety  is  a  prime  consideration  in  all  steel  mill 
apparatus.  1  he  term  in  this  case  not  only  applies  to 
tlie  operators  and  workmen  but  to  the  apparatus  itself, 


fk;.  4-    oiNTALiiiKs  yuk  lift  taulf   miii(.r 
On  a  three-high  blooming  mill 

and  some  simple  rules  for  the  protection  of  men  and 
apparatus  may  not  be  amiss. 

I — .-Ml  remotely  controlled  motors  should  be  protected  by 
some  device  at  the  controller  that  not  only  prevents  the  start- 
ing of  the  motor  when  the  controller  is  locked,  but  also  pro- 
tects the  workman  from  being  shocked  by  the  application  of 
current  to  the  motor. 

2 — .\11  controllers  operating  machines  where  failure  to 
stop  is  dangerous,  either  to  the  operator  or  the  machine. 
should  he  arranged  to  disconnect  the  motor  from  both  sides 
of  the  line  when  the  controller  is  in  the  off  position;  and 
where  magnetic  controllers  are  used,  the  operator  should 
have  means  for  disconnecting  both  sides  of  the  control  cir- 
cuit from  the  line.  Screw-downs,  skip-hoists,  lift-tables,  etc., 
are  ordinarily  operating  so  near  the  limit  of  travel  that  this 
feature  of  safety  is  only  possible  by  arranging  the  master 
controller  to  open  both  sides  of  the  control  circuit  lines. 

J — Overload  and  no-voltage  protection  should  be  so  ^ar- 
ranged that  it  is  necessary  to  return  the  master  controller  to 
the  off  position  before  a  start  is  possible  after  a  shut-down 
from  either  overload  or  voltage  failure. 

4 — The  enclosing  cases  of  all  master  controllers  should 
be  grounded. 

5 — Hoisting  controllers  should  be  arranged  so  that  failure 
of  line  voltage  will  not  prevent  stopping  the  motor. 

Some  of  the  special  devices  that  have  been  de- 
veloped for  various  piirposes  may  be  briefly  explained 
as  follows: — 

The  Doiible-Throii'  Contactor,  mentioned  in  an- 
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other  paragraph,  has  three  points  of  advantage  over 
other  methods  of  obtaining  the  same  resuUs : — a — Posi- 
tive interlocking  is  assured  between  the  line  contacts 
and  the  brake  contacts;  b — by  means  of  a  magnet  in 
series  with  the  brake  contact,  the  motor  must  first 
come  to  a  stop  before  it  can  be  started  in  the  reverse 
direction ;  c — the  minimum  amount  of  time  is  lost  be- 
tween opening  the  line  and  closing  the  brake  circuit. 
This  is  all  accomplished  with  out  the  use  of  interlock- 
ing contacts  or  other  auxiliaries,  and  as  the  contactor 
is  closed  in  the  braking  position  by  gravity,  failure  of 
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FIG.  0 — S.VILIY  LUCK   AND   KEY   loR 
KNIFE  SWITCH 


of  a  correctly  proportioned  shading  coil  on  the  pole 
face  of  the  relay,  it  is  possible  to  secure  operation  at 
fref|ucncies  as  low  as  one  cycle  per  second  without 
in  any  interfering  with  the  operation  at  higher  fre- 
quencies, and  the  difference  between  the  operation  on 
maximum  and  minimum  frequency  is  very  slight. 
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FIG.    5 — BLOOMING    MILL   LIFT-T.^ELF.    MOTOR   CONTROL 

the  control  circuit  means  only  that  a  slow-down  or 
stop  will  occur  as  the  case  may  be.  Referring  to 
Figs.  I  and  5  the  method  of  applying  double-throw 
contactors  will  be  seen.  The  advantage  of  this  con- 
tactor is  particularly  clear  in  the  case  of  crane-hoist 
controllers. 

The  Mechanically  Interlocked  Accelerating  Relay, 
shown  in  Fig.  2,  is  another  device  for  simplifying  the 
wiring  and  mechanism  of  automatic  controllers.  This 
relay  is  designed  so  that  a  spring  holds  it  normally  in 
the  open  position.  The  cap  of  the  relay  is  so  located 
under  a  contactor  that  when  the  contactor  closes  the 
cap  is  depressed.  This  releases  the  spring  and  leaves 
the  relay  plunger  free  to  fall  when  the. current  in  the 
operating  coil  falls  to  the  value  for  which  the  relay 
is  adjusted.  The  method  of  connecting  these  relays 
in  the  circuit  is  shown  very  clearly  in  the  diagrams 
of  speed  controllers.  The  points  to  be  borne  in  mind 
in  designing  such  a  relay  are  ruggedness  and  simpli- 

:ity.  Provision  must 
also  be  made  so  that 
mill  dust  collecting 
on  the  relay  will  not 
interfere  with  its 
operation. 

Referring  to  Fig. 
■J  for  automatic  con- 
trol of  wound-rotor 
alternating  -  current 
motors,  it  will  be 
noticed  that  the 
same  sort  of  me 
chanically  interlocked  relay  is  used,  as  shown  on 
direct-current  controllers.  The  design  of  this  relay 
presents  some  problems  that  are  not  present  in  the 
direct-current  relay.  Such  a  relay  must  operate  on  a 
frequency  range  from  60  cycles  per  scond  to  approx- 
imately one  cycle  per  second  without  a  very  large  per- 
centage of  variation  in  the  drop-out  point.    By  means 


SCHEME  OF  SECONDARY 
CONNECTIONS 


FIG.    7 — DIAGK.\M    OF    CONNECTIONS 

For  automatic-control  alternating-current  hoist  service. 

Overload  Relays,  provided  with  a  magnet  for  re- 
setting, become  necessary  in  connection  with  remotely 
controlled  motors  in  order  to  save  time.  Such  relays 
are  designed  so  that  they  catch  in  the  open  position 
when  tripped  out  on  overload.  A  magnet  operated  by 
a  contact  on  the  off  position  of  the  master  controller 
releases  this  catch  so  that  the  relay  falls  to  the  normal 
position,  ready  for  operation  when  the  master  con- 
troller is  again  moved  to  a  running  position.  There 
are  no  special  features  about  such  a  relay,  other  than 

that  it  must  be  extremely 
rugged  in  order  to  withstand 
the  severe  duty  required  in 
mill  service,  and  the  con- 
tacts must  be  so  designed 
that  vibration  will  not  cause 
them  to  open  the  circuit. 

The  Series  Contactor  at 
first  appears  to  be  quite 
a  complex  piece  of  appar- 
atus electrically.  It  is,  how- 
ever, quite  simple.  In  Fig. 
10,  two  magnetic  circuits 
will  be  seen ;  one  through  the 
main  air-gap.  core,  base, 
saturated-section,  bearing 
and  armature ;  the  other 
through  the  main  air-gap, 
core,  base,  hold-out  air-gap. 
The  operation  is  dependent 
upon  the  relative  magnetic  capacity  of  the  saturated 
section  and  the  other  sections  of  the  magnetic  circuit. 
Alagneto-motive-force  applied  at  the  core  will  drive 
flux  across  the  main  air-gap,    through    the    armature. 


FIG.  8 — 250  AMPERE  SERIES- 
OPER.\T£D  DIRECT-CURRENT 
MAGNET  SWITCH 


tail  piece  and  armature. 
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and  through  the  saturated  section  to  the  point  of  satur- 
ation. All  flux  in  excess  of  this  value  will  be  forced 
across  the  hold-out  gap.  The  area  and  length  of  the 
hold-out  gap  are  considerably  smaller  than  the  area 
and  length  of  the  main  gap,  so  that  the  density  across 


FIC.   9 — 250  .AMPERE   SHUNT-OPERATED   DIRECT-CURRENT 
MAGNET  SWITCH 

the  hold-out  gap  is  considerably  higher  than  across  the 
main  gap.  If  all  the  flux  in  excess  of  that  carried  by 
the  saturated  section  flows  across  the  hold-out  gap. 
at  certain  values  the  pull  at  this  gap  will  be  greater 
than  the  pull  on  the  main  gap,  and  therefore,  the  con- 
tactor will  be  held  in  the  open  position.  Reducing  the 
magneto-motive-force  applied  at  the  core,  will  reduce 
the  lines  across  the  hold-out  gap  and  also  across  the 
main  gap,  but  the  rate  of  change  at  the  hold-out  gap 
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FlC,    10 — DI.\GRAM   OF   M.\GNET   FRAME 

will  be  much  greater  than  the  rate  of  change  at  the 
main  gap,  as  the  hold-out  gap  is  only  getting  a  fraction 
of  the  total  flux  in  the  circuit;  therefore,  a  point  is 
soon  reached  where  the  pull  at  the  main  gap  is  greater 
than  the  pull  at  the  hold-out  gap  and  the  contactor 
closes.  In  the  calculation  of  such  a  magnet,  it  is  only 
necessary  to  provide  such  a  relation  between  the  satur- 
ated section  and  the  other  parts  of  the  magnet  that 
this  section  is  saturated  at  the  minimum  current  at 


which  the  device  must  operate.  In  addition  to  the 
parts  described,  there  must  be  some  means  provided 
for  preventing  the  magnet  from  closing  at  the  time 
the  flux  passes  the  pull-in  point  when  building  up. 
This  may  be  accomplished  either  mechanically  or  elec- 
trically. The  simpler  method  is  electrically,  and  con- 
sists only  in  applying  a  short-circuited  winding  around 


FIG.    II — DOUni.F.-PDLE    ALTERN.\T1NG-CURRENT   CONT.\CTOR 

the  saturated  section  so  that  when  the  magnet  is  first 
energized  practically  all  the  flux  passes  through  the 
hold-out  gap.  This  short-circuited  winding  on  the 
saturated  section  serves  also  to  make  the  contactor  a 
little  more  positive  in  its  operation,  by  holding  it  very 
firmly  in  the  open  position  at  the  instant  that  the  pre- 
ceding contactor  clo.'^es.  It  is  usually  the  preceding 
contactor  which  energizes  a  series  contactor,  and,  be- 
ing adjacent,  the  shock  would  be  sufficient  to  disturb 


FIG.     12 — DISMANTLED     ALTERNATING-CURRENT    CONTACTOR, 
SHOWING  ACCESSIBILITY 

the  operation  of  the  series  contactor  were  it  not  for 
the  short-circuited  winding. 

In  applying  series  contactors  care  must  be  exer- 
cised in  laying  out  the  starting  resistance  so  that  each 
step  cut  out  gives  the  correct  peak  for  operating  the 
next  contactor. 


Electrically  Operated  Boot  and  Shoe  Factories 


C.  N. 

THE  COLONY  of  shoemakers  wlio  settled  near 
Boston  established  that  industry  in  this  coun- 
try and  formed  the  beginning  of  the  largest 
shoe  manufacturing  center  in  the  world.  These  early 
shoemakers  cut  out  the  parts  of  the  shoes  and  dis- 
tributed them  to  their  neighbors,  who  made  up  the 
shoes,  the  women  doing  the  Hght  sewing  and  the  men 
the  heavier  work.  With  the  introduction  of  the  first 
maciiinery,  about  the  beginning  of  the  last  century, 
tliis  "farming  out"'  ceased  and  more  centralized  pro- 
duction began.  The  sewing  machine  has  perhaps 
contributed  as  much  as  any  one  machine,  toward  the 
increase  in  production.  At  the  time  of  the  civil  war, 
the  increased  demand  for  shoes,  together  with  the 
shortage  of  labor,  furnished  a  big  incentive  to  the 
inventors  of  shoe  making  machinery.  The  first  ma- 
chines took  care  of  the  simpler  operations  and  en- 
abled them  to  be  performed  much  more  rapidly  than 
by  hand.  The  later  machines  are  little  short  of 
human  and  work  with  amazing  rapidity. 

CLASSIFICATION   OF  SHOES 

The  different  forms  of  shoes  manufactured  are 
the  "machine    or    hand    welt,"    the    "McKay,"    the 

TABLE  IRRELATIVE  PRODUCTION  OF  EACH  TYPE  OF 

SHOE  MANUFACTURED  IN  THE  UNITED 

STATES  IN  1909 


JOHN.SON 

sole  to  the  welt.  In  order  that  the  stitching  may 
not  show  on  the  insole  inside  the  shoe  or  on  the  bot- 
tom of  the  outsole,  a  channeling  machine  turns  up  a 
lip  from  one  quarter  to  one  half  inch  wide  around 
the  edge  of  the  sole.  The  stitching  is  then  done 
through  the  remainder  of  the  sole  at  the  bottom  of 
the  groove  thus  formed,  and  the  lip  is  cemented  down 
over  the  stitching. 

The  McKay  shoe  differs  from  the  welt  shoe  in 
that  the  stitching  to  hold  the  insole,  upper  and  out- 
sole  together,  is  done  from  the  inside  of  the  shoe  and 
runs  completely  through  the  insole,  upper  and  out- 
sole.  This  does  away  with  the  narrow  strip  of  leather 
or  welt  between  the  bottom  edge  of  the  upper  and  the 
outsole,  in  the  welt  shoe.  In  making  the  McKay  shoe 
the  insole  is  fastened  to  the  last  and  the  lower  edge 
of  the  upper  pulled  over  it  and  tacked  lightly.  Then 
the  outsole  is  placed  over  this  and  a  few  tacks  driven 
through,  enough  to  hold  the  form  of  the  shoe.  The 
last  is  then  removed  from  the  shoe  and  the  shoe  is 
taken  to  a  McKay  sewing  machine  which  sews 
through  the  two  soles  and  the  upper.     In  this  type 


1 

Type  of  Shoe 

Numberofpair      Percent  of 
manufactured     total  output 

McKav        

107  063  000              43.2 

,S7  391  000               35.3 

26  317  000                10.6 

21643  000                 8.8 

5  226  000                 2.1 

Machine  or  haud  welt 

Turned 

Wire  screw  or  metal  fastened... 
Wooden  pegged 

"turned,"  the  "wire  screw  or  metal  fastened"  and  the 
"wooden  pegged."  Table  I  give  a  comparison  of  the 
number  of  pairs  of  each  type  manufactured,  showing 
that  the  McKay  and  the  welt  shoe  are  the  predominat- 
ing styles.  Of  these,  the  turned  and  the  welt  are  the 
most  expensive  classes  of  shoes. 

The  zvelt  shoe  may  be  distinguished  by  the  fact 
that  the  sole  is  sewed  completely  through  around  the 
edge  and  derives  its  name  from  the  fact  that, 
after  the  upper  part  of  the  shoe  has  been  sewed 
together  and  drawn  over  the  forming  last,  a  strip 
of  leather  known  as  the  "welt,"  is  laid  along  the 
lower  edge  of  the  upper  on  the  last,  beginning  at  the 
heel  and  extending  around  the  toe  back  to  the  heel 
on  the  opposite  side.  This  welt  is  sewed  first  to  the 
insole  and  the  upper,  the  stitching  running  around  the 
edge  of  the  insole  and  extending  through  the  insole, 
the  edge  of  the  upper  and  the  welt.  The  outsole  is 
next  cemented  to  this  welt  and  the  edge  trimmed  to 
the  shape  of  the  finished  shoe.  Then  the  shoe  is 
taken  to  the  stitching  machine  where  a  lock  stitch 
is  run  around  the  edge  of  the  sole,  joining  the  out- 


FIG.  I — A  TWO  HORSE  POWER,  I  /OO  R.P.M.  SQUIRRF.L-C.^GE  MOTOR 
BELTED  TO  SHAFT  UNDERNEATH  MACHINE  BENCH  IN  SHOE 
FACTORY 

of  shoe  also  the  outsole  is  usually  channeled  and  the 
lip  cemented  down  again  after  stitching,  so  that  the 
stitching  does  not  show  on  the  bottom  of  the  shoe. 

The  rvooden  pegged  and  zvire  scrnv  fastened 
soles,  have  pegs  or  screws  in  place  of  the  stitching 
in  the  McKay  shoe.  This  means  a  cheaper  construc- 
tion and  accordingly  is  used  only  in  the  lower  grades 
of  shoes. 

Tlie  turned  shoe  is  a  woman's  light  shoe  and, 
as  the  name  indicates,  is  made  up  on  the  last  inside 
out,  and  after  attaching  the  sole  to  the  lower  edge 
of  the  upper,  except  for  a  small  section  of  the  heel, 
the  shoe  is  removed  from  the  last  and  turned  right 
side  out.  In  order  to  allow  for  this  turning,  the  sole 
must  be  light  and  of  very  good  material,  while  the 
remainder  of  the  shoe  is  of  an  equally  good  grade 
of  leather.  This  shoe  has  no  insole,  the  lower  part 
of  the  upper  being  stitched  directly  to  the  upper  part 
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of  the  edge  of  the  outsole,  the  stitching  not  extending 
throiigli  to  the  bottom  of  the  sole.  This  is  done  by 
spHtting  the  edge  of  the  sole,  inserting  the  edge  of 
the  upper  in  this  opening,  and  sewing  the  upper  to 
the  top  part  of  the  split  edge.  After  being  turned 
right  side  out,  this  shoe  must  again  be  placed  on  a 
last,  and  the  bottom  of  the  shoe  finished.  To  pro- 
tect the  foot  from  coming  in  contact  with  the  stitch- 


FIG.    2 — A    GROUP    ■■:      i  A .  i     Hi  iK    ;     i  i  j\V:  ,c.     1700    R.P.M.    SQUIRREL- 
CAGE  MOTORS  DRIVING  MACHINE  BEiNCHES  IN  A  SHOE  FACTORY 

ing  on  the  sole  of   the  shoe,  a  lining  of  light  high 
grade  leather  is  placed  in  the  bottom  of  the  shoe. 

THE    HEEL 

The  attaching  of  the  heel  is  practically  the  same 
operation  in  all  types  of  shoes.  The  heel  is  built  up 
of  several  layers  of  heavy  leather.  A  machine  known 
as  a  heel  loading  machine  drives  the  attaching  nails 
into  that  part  of  the  heel  which  comes  next  to  the 
upper,  the  nails  projecting  out  enough  so  that  a  heel 
attaching  machine  forces  these  nails  through  the  upper 
and  the  insole,  clinching  them  against  an  iron  plate 


FIG.  3 — A  THREE  HORSE-POWER.  I  "00  R.P.M.  SQUIRBF.L-C.\GE  MOTOR 
BELTED  TO  LINE  SHAFTING  DRIVING  TWO  SLUGGERS.  TWO  HEF.I. 
TRIMMEKS  AND  A   KNIFE-GRINDER 

on  the  bottom  of  the  last.  The  row  of  nails  or  brads 
showing  around  the  edge  of  the  heel  is  driven  in  by 
a  slugging  machine,  capable  of  driving  about  350 
brads  per  minute. 

PROGRESS    OF    THE    INDUSTRY 

^^'ith  the  introduction  of  machinery  to  take  the 
place  of  hand  labor,  beginning  but  little  over  a  half 


century  ago,  the  boot  and  shoe  industry  ha^  ina'ic 
very  rapid  piogress  in  this  country.  At  the  last  cen- 
sus it  ranked  well  up  among  the  leaders,  the  value 
of  its  output  being  five  hundred  million  dollars,  or 
two  and  one-half  percent  of  the  total  value  of  manu- 
factures. Most  of  the  foreign  countries  have  been 
slow  in  adopting  the  latest  form  of  labor-saving  ma- 
chines, with  the  result  that  this  country  is  far  in  the 
lead.  As  machines  have  been  added  to  supplant  tlie 
old  time  shoemaker,  both  the  quality  at  a  given  price 
and  the  quantity  of  shoes  manufactured  have  risen. 
This  increase  in  the  application  of  machinery  to  shoe- 
making,  as  well  as  the  increasing  output,  brought  the 
power  requirement  of  the  industry  in  the  United 
States  in  1909  to  approximately  one  hundred  thousand 
horsepower.  More  than  keeping  pace  with  this 
growth  during  the  past  decade,  electric  motor  drive 
has  proven  itself  a  valuable  assistant  to  the  boot  and 
shoe  manufacturer. 

Massachusetts,  the  home  of  the  shoe  industry,  is 
still  far  in  the  lead  in  the  value  of  its  output.  Table 
II  shows  the  distribution  of  plants,  horse-power  and 
output  in  five  of  the  leading  states.     It  will  be  noted 

T.\BLE   n— DISTRIBUTION   OF   POWER   USED  IN  THE 

BOOT  .\ND  SHOE  INDUSTRV.  INCLUDING  CUT  STOCK 

.\ND  FINDINGS,  ACCORDING  TO  190i>  CENSUS 


No.       Total 
of         Horse- 
Plants 


power     power 
in  r.  S. 


Perceni     Total  I^'"       Value  of 

oj  Total  Electrical  ^.chased    Output  .n 

Horse-      uorie-    El^triral  Pen'ent 

~  Horse-      of  Total 


power 


power     for  U.  8. 


Massachusetts...!  762  35  051  36.4 

Missouri 58  11113  11.6 

New  York 199  10  45-  10.9 

Ohio 71  8925  9.3 

New  Hampshire  66  8  5S2  8.9 


9  028 

6528 

61:28 

1142 

2963 

2  10S 

4  003 

1246 

941 

926 

46.0 
9.5 
9.4 
6.2 


thaL  lor  Massachusetts  tiie  percentage  of  tiie  total 
value  of  output  is  greater  than  the  percentage  of  the 
;  ital  horse-power  installed,  which  is  due  to  the  fact 
•'lat  a  better  grade  of  shoes  and  many  hand  made 
-loes  are  produced  in  this  state,  bringing  the  output 
per  horse-power  installed  to  a  higher  value. 

ARRANGEMENT   OF    MACHINES 

The  large  number  of  special  machines  operating 
intermittent!)-  and  requiring  but  little  power  makes  it 
very  difficult  to  lay  out  the  most  efficient  drive  and 
grouping  of  machines  for  a  large  factory  without  a 
close  study  of  the  operations  performed  in  each  de- 
partment. The  modern  shoe  factory  is  usually  a 
building  of  from  three  to  five  stories,  covering  a  large 
amount  of  floor  space.  The  operations  are  usually 
so  grouped  that  the  lighter  parts  of  the  shoe,  the  up- 
pers and  linings,  are  cut  and  assembled  on  the  top 
floor.  Another  section  prepares  these  parts  and  sews 
them  together  and  they  are  then  taken  to  the  lasting 
room.  Here  the  uppers  and  the  parts  of  the  sole  are 
assembled  and  the  shoe  passed  to  the  heavy  stitching 
machine  and  to  the  sole  forming  machine.  Here 
also  the  edge  and  bottom  of  the  sole  are  finished,  and 
the  heel  attached,  and  the  shoe  goes  to  the  eyeleting 
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and  button-attaching  machines.  It  next  receives  the 
final  finishing,  blacking,  polishing  and  marking,  and 
is  passed  to  the  shipper. 

POWER  KEQL'IRKMENTS 

Since  a  large  number  of  machines  are  required, 
scattered  over  a  considerable  area,  the  amount  of 
belting  and  shafting  to  drive  these  machines  from  a 
single  source  of  power  is  very  large.  By  properly 
grouping  the  machines  on  individual  motors,  the  ma- 
jority of  the  heavy  shafting  and  belting  can  be  elimin- 
ated, thus  doing  away  with  a  considerable  amount  of 
the   friction  load.     It  has  been   found   advantageous 

T.\i!i,i-:  HI 


low  ])i)\vcr  demand  makes  the  use  of  central 
station  power  attractive  to  the  manufacturer.  With 
central  station  service,  any  department  may  be 
operated  overtime  on  a  rush  job  with  but  very  little 
extra  power  cost.  The  adoption  of  central  station 
service,  allows  the  manufacturer  to  do  away  with 
the  dirt  and  smoke  attendant  on  the  generation  of 
power,  and  relieves  the  management  from  the  over- 
seeing of  the  power  plant,  which  work  is  in  no  way 
related  to  the  manufacture  of  shoes. 

Table  III  shows  the  relative  amounts  of  the  dif- 
ferent forms  of  power  used,  and  the  rapid  advance 
being  made  in  the  use  of  electric    power.      In    this 


AMOUNT  AXD  INCREASE  OF  KACH  FORM  OF  POWER  USED  IN"  THE  MANUFACTURE  OF  BOOTS  AND 
SHOES,  INCLUDINc;  CtTT  STOCK  AND  FINDINGS 


Year 

I  1899 
1904 
1909 


Ave.  Hp 
per 
Estab-     ^      ,    ,  „.  . 

lishment   Total  Steam     \\  ater 


Horse-power  Installed 

F;iectric 


Percent  Increase  over  Five  Years  Previous 


34  55  849  38  621  2  ()63 
42  63  968  44  387  2  270 
59    96  302;  60  772  2  815 


das 

10  382 

11  352 
15  334 


Central 
Station 


Electric 
Total 


Total 
Power 


Steam       Water 


Gas 


Central 
Station 


Electric 
Total 


3  823 

5  959 

17  381 


5  525 
12  663 
32  381 


14.5 
50.6 


14.9 
37.0 


14.7 
24.0 


9.3 
35.2 


56 
192 


129.0 
156.0 


to  standardize  on  a  small  motor,  usually  a  three  or 
five  horse-power,  and  to  group  the  machines  to  furn- 
ish a  load  for  this  motor.  In  this  way  it  is  possible 
to  arrange  the  grouping  so  that  some  of  the  motors 
may  be  shut  down  when  the  plant  is  not  operating 
at  full  capacity.  The  load  factor  of  this  industry,  or 
the  ratio  between  the  power  used  and  the  capacity  of 
motors   installed,    over    the    operating   period,    which 

TABLE  IV— POWER  CONSUMPTION  OF  PLANT  OUT- 
LINED IN  TABLEAU 


Power 

Consumption 

1911 

1912 

Month 

1 

KwHr. 

1           Month 

Kw-Hr. 

July 

10  890 

Jan. 

17  700 

Aug. 

19  200 

Feb. 

19  200 

Sept. 

17  800 

Mar. 

18  200 

Oct. 

20  900 

-Apr. 

20  300 

Nov. 

19  700 

Mav 

18  800 

Dec. 

16  800 

June 

1 

19  100 

is  usually  nine  to  ten  hours  per  day,  ranges  from  30 
to  50  percent. 

Steam  is  not  required  in  any  of  the  manufactur- 
ing   operations    and    this,    in    connection,    with    the 


table  it  is  interesting  to  note  that  in  1909,  electric 
motors  formed  33.6  percent  of  the  total  power  in- 
stalled and  53.7  percent  of  the  electrical  horse-power 
was  supplied  from  central  station  lines.  This  was 
an  increase  in  use  of  central  station  power  over  1899 
of  355  percent. 

The  plant  whose  motor  layout  is  given  in  Table 
\  manufacturers  largely  ^IcKay  shoes  of  medium 
and  low  grade,  for  men,  women  and  children.  The 
factory  was  working  at  full  capacity  during  the  year 
for  which  power  readings  are  given  in  Table  I\',  pro- 
ducing an  average  of  7  200  pairs  of  shoes  per  day. 
There  are  five  hundred  men  and  women  employed 
working  ten  hours  per  day.  An  aggregate  of  249 
horse-power  in  440  volt,  three-phase,  60  cycle,  in- 
duction motors  is  installed,  all  motors  being  of  the 
squirrel  cage  type  except  the  wound  rotor  motor  driv- 
ing the  pump. 

In  this  plant  the  electrical  energy  consumption 
per  100  pairs  of  shoes  manufacttired  is  10  kw-hrs. 
which  is  below  the  average,  due  to  continuous  opera- 
tion at  maximum  output. 


TABLE  V— A  TYPICAL  PLANT  LAYOUT 


No.  of 
motors.  Bp.     R. 


p.m. 

700 
700 
700 
700 


140 
700 
700 
700 
700 
700 
00 


Application. 
THIRD   FLOOR 

Belted    to    a    50-tt.    shaft    (seven    hangers).     Connected  load: — Eight  United  Shoe  Machinery  Co.  Ideal  clicking  machines. 

Belted  to   a   30-ft.   shaft    (five  hangers).     Connected    load: — Four   Ideal    clicking   machines. 

Each  belted  to  a  50-ft.  shaft   (seven  hangers.    Connected  load: — Six   Ideal  clicking  machines. 

Belted  to  a  70-ft.  shaft  (20  hangers).  Connected  load: — Twenty-two  Union  Special  sewing  machines,  two  Booth  power 
folders,  one  Lufkin's  Improved  machine  for  foiding  shoe  vamps  and  quarters,  one  U.  S.  M.  C.  sciver,  one  Knight  per- 
forator, two  Amazon  upper  trimmers,  one  Fortuna  "upper  trimmer,   one   Boston    Machine   Works   upper  trimmer, 

Belted  to  a  25-ft.  shaft  (nine  hangers).  Connected  load: — Seven  Union  Special  sewing  machines,  four  Singer  sewing  ma- 
chines,  two  lining   markers,    three   economy   cementing  machines. 

Belted  to  a  20-ft.  shaft  (eight  hangers).  Connected  load: — -Seven  Union  Special  sewing  machines,  two  Wheeler  &  Wil- 
son   se\ving    machines,    one    Singer    sewing    machine. 

Belted  to  a  20-ft.  shaft  (eight  hangers).  Coimnected  load: — 5ix  W'heeler  &  Wilson  sewing  machines,  two  Singer  sew- 
ing machines. 

Belted  to  a  40-ft.  shaft  (ten  hangers)  Connected  load: — Twenty  Union  Special  sewing  machines,  fourteen  Singer  sewing 
machines,  two  Columbia  headers. 

Belted  to  a  40-ft.  shaft  (ten  hangers).  Connected  lo.id: — Seventeen  Singer  sewing  machines,  nine  Union  Special  sewing 
machines,    three    Columbia   headers,    one    Recce  button  attaching  machine. 

Belted  to  a  40  ft.  shaft  (ten  hangers).  Connected  load: — Twenty-flve  Union  Special  sewing  machines,  five  Singer  sewing 
machines,    four   Singer   special   stitching   machines,   two   Singer  button  attaching  machines. 

Belted  to  a  TO-ft.  shaft  (15  hangers).  Connected  load: — Six  Reece  button  attaching  machines,  twenty  buttonhole  ma- 
chines,    seventeen    Columbia    headers,    two    Emory  cementing  machines. 
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1  5  1700  Belted   to  a   30-ft.   shaft    (seven  hant^ers).    Coonectcd  load: — Seven  U.  S.  M.  Co.  duplex  eycletJrv  macbinc*. 

SpeciitI  scwinff  machines,  four  SinKer  sewinf?  iimcbineri.  one  Wheeler  tc  Wil«oa  aewine  iiuicbiD«»  one  Beccc  tuttuuJi'jJe 
iniicliine,  one  'l\ibular  Kivet  d,  Stud  Co.  eyeleting  muchiDe. 

SKCOXD   FLOOR 

1  5  1700         Belted  to  a  10-ft.  shaft   (three  hangers)   and  18  ft,   countcrshaftini;    (six  hangers).    Connected  load: — Six  U.   S.   M.   Co. 

tn'ip  taekint;  machines,  one  U.  S.  M.  Co.  McKay  heel  (.oinpre&binic  machine,  one  4-(t.  beam  beel  cuttint;  utitchine,  one 
U.  S.  M.  Co.  tap  scivini;  or  r.ind  splittiniic  machine,  one  insole  cemeuter,  one  U.  S.  M.  Co.  beel  beveling  machine,  one 
Goodyear    indent ini;    and    burnishini;    machine. 

1  5  1700  Belted  to  a  15-ft.  shaft    (four  hanKers).    Connected  load: — Three  U.  S.  II.  Co,  Apex  channel  macbine«»  two  U.  S.  M.  Co. 

American  twin   sole  moulding   machines,   model   K. 

1  5  1700  Belted   to  a   20-ft.   shaft    (six   hangers).     Connected   load: — One   U.    S.    M.   Co.   tap   and    sole   roundini;   machine,   model   A, 

one  U.  S.  M.  Co.  Heshing  machine,  model  A,  one  U.  S.  M.  Co.,  feather  ed^c  shank  reducioK  machine,  four  V.  S.  U.  Co. 
Apex  channel  opening  niucliiiies,  three  U.  S.  M.  Co.  Summit  splitting  machinefi,  one  C  S.  M.  Co.  Summit  evening  ma- 
chine. 

1  5  1700  Belted    to   a    15-ft.   shaft    (three  hangers).     Connected  load: — One  4-ft.  beam  heel  cutting  machine,  one  4-ft,  beam  insole 

cutting   machine,    one    4 -ft.    beam    out  sole   cutting  machine. 

1  5  1700  Belted   to  a   IS-ft.   shaft    (three  hangers)    and  a   lU-ft.   countershaft    (three  hangers).     Connected   load: — Three   4*ft.   beam 

insole  cutting  machines,   one  Summit   splitting  machine,   one   Victor  rolling  machine,   model   E. 

1  5  1700  Belted   to  an   18-ft  shaft    (three   hangers).    Connected    load: — Three    Parsons    Macli    Co.    4-(t.    beam    outsole -cutting    ma- 

chines,  pulley   18   in.   diam.,   rim   4^    in.   x   2  in.,  2.i0  r.p.ni. 

1  5  1700  Belted   to  a    lo-ft.    shaft    (three   hangers).     Connected    load: — Two    4-ft.    beam    insole    cutting    machines,    one    4-ft.    beam 

outsolc  cuttine   machine. 

1  5  1700  Belted  to  a    l;'j-ft.   shaft    (three  hangers).     Connected    load: — One   McKay  automatic  heel  loading  and  attaching  machine, 

one   L*.    S.    M.    Co.    channel    turner,    one    6-in.  burtinc  wheel. 

1  6  1700  Belted   to   a    15-ft.    shaft    (three   hangers).     Connected  lo;id: — Two  McKay  heel  loading  and  attaching  machines,  one  U.  S. 

M.  Co.  new  loose  nailing  machine. 

2  5  1700  Each  belted  to  a   15-ft.  shaft   (three  hangers).     Connected   load: — Three    Hercules   leveling   machines,    model    B.     Friction 

load  on  motor,   .4    kw. 
1  5  1700  Belted  to  an   S-ft  shaft    (two  hangers).    Connected  load: — Two  McKay  heel   loading  and  attaching  machines. 

1  5  1700  Belted   to  a  3o-ft.   shaft    (six  hangers).    Connected    load: — Eight    Consolidated    hand    method    lasting    machines,    four    Rex 

pullinc-over  machines. 
1  5  1700  Belted  to  a   25-ft.  shaft   (five  hangers).   Connected  load: — Three  Rex  pulling-over  machines,  six  Consolidated  lasting  ma- 

chines,  three   U.    S.    M.    Co.    sole    tackers. 
1  5  1700  Belted    to   an    80-ft.    shaft    fnine   hangers).    Connected   load: — Four   Rex  piiliing-over  machines,   eight  Consolidated   lasting 

machines,     four    U.     S.     M.    Co.    sole    tackers. 
1  5  1700  Belted    to   a    60-ft.    shaft    (eight  hangers).     Connected  load: — Four  U.  S.  M.  Co.  double  head,  taper  nail  tacking  machines, 

two  V.   S.   M.  Co.   new  loose  nailing  machines,  one  six-inch  emery  wheel,  one  sole  polisher  and  finisher,  one  8-in  x  2^ 

in.   double  emery  wheel,   four  insole  cementers. 
1  5  1700  Belted  to  a  50-ft.  shaft  (seven  hangers).  Connected    load: — Eight    Richardson     insole    stitchers,     three     Puritan     outsole 

stitchers. 
1  5  1700  Belted  to  a  30-ft.  shaft   (six  hangers).    Connected  load: — Three  Regent  stamping  machines,  model  C,  four  double  polish- 

ing    wheels. 
1  5  1700         Belted    to  a    40-ft.    shaft    (seven   hangers).  Connected  load: — Four  U.  S.  M.  Co.  sole  finishing  machines,  two  double  sole 

turning    machines.,    four    double    polishing    wheels. 
1  5  1700  Belted   to  a   40-ft.   shaft    (seven   hangers).   Connected   load: — Fi%e  U.    S.   M.   Co.   sole   finishing  machines,   four  sole  and 

heel   burnishers,   two  heel  grinders. 
Belted   to  a   40-ft.    shaft    (seven   hangers).     Connected   load: — Ten   sole  and  heel   burnishers. 
Belted    to    a    35-ft.    shaft    (five    hangers).     Connected  load: — Seven  U.  S.  M.  Co.  edge  trimmers. 
Belted  to  a  30-ft.  shaft   (five  hangers).    Connected  load: — Two  U.  S.  M.  Co.  edge  trimmers,  five  U.  S.  M.  Co.  double  heel 

scouring  machines,  model   R. 
Belted  to  an   18-ft.  shaft   (three  hangers)   and  an    18-ft.    countershaft    (three   hangers).      Connected   load: — Four   Universal 

slugging    machines.    Three    McKay    rotar>*    heel  turning    and    randing    machines,    one    Imperial    heel    breasting    machine, 

model    B,    one    imperial    grinding    machine,    model  H. 
Belted    to    H-kw,    110-volt,    direct- current   generator  used  to  operate  call-bell  system. 

FIRST  FLOOR 
Belted   to   a   20-ft.    shaft    (three   hangers).     Connected  load: — Four  double  buffing  wheels. 
Belted  to  a  30-ft.  shaft   (five  hangers).    Connected  load: — Three  pasteboard  box  sealing  machines,  three  pasteboard  cover 

sealing  machines. 
Each  geared  to  Markem  Mach.  Co.  embossing  and   stamping  machine. 
Belted  to  a  small  bench  lathe. 

Belted  to  a  20-ft.  shaft  (four  hangers).     Connected  load: — Two  Parson's  4-ft.  beam  lining  cutters. 
Oeared    to    a    Weinman    .Mfg.    Co.    5-in.    x    7-in.  plunger  pump,   SO   strokes  per  minute. 
Direct  connected  to  a  B.  F.  Sturtevant  Co.  No.  50  slow-speed,  low-power  exhaust   fan. 
Direct  connected  to  a   B.   F.   Sturtevant  Co.  No.   00  slow-speed,  low-power  exhaust  fan. 
Each  belted  to  the  driving  mechanism   of  an   Edmonds   2-ton   freight  elevator. 
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MOTOR  APPLKATIONS  IN   THE   MODERN   LALNDKV 


Electric  Drive  in  the  Laundry 

H.  F.  BoE 

L.\l  .\^R^    PI.AXrS  are    admirably    adaptable  operating  expense  since  it  is  necessary  to  have  line 

to  electric  motor  drive  and  particularly  to  in-  shafting  and  belts  running.     However,  group  drive  is 

dividual    motor    drive.       In     fact    individual  a  cumpromise  between  steam  or  gas  engine  drive  and 

motor  drive  has  shown  a  saving  in  power  of  from  35  individual  motor  drive,  it    being    better    than    either 

to  50  percent  over  line  shaft  drive,  in  a  number  of  steam  or  gas  engine  drive,  and  not  so  good  as  indi- 

tests  made  in  plants  in  ditYerent  jtarts  of  the  country,  vidual  motor  drive. 

Individual  Motor  drive  will  eliminate  line  shaft- 
ing and  belts,  reduce  the  friction  load  of  the  plant, 
permit  the    proper    placing    of    individual    machines  In  introducing  electric  motor  drive  into  the  laun- 

to  facilitate  handling  the  work  and  assure  cleanliness  dry  lield  it  must  be  borne  in  mind  that  the  laundry 

and  light,  all  of  which  are  very  important  items  in  a  requires,  besides  power,  a  large  amount  of  steam  for 

laundry.     It  will  also  reduce  the  danger  of  accident  drying,   water    boiling,    heating    and    supplying    hot 

and  allow  a  flexibility  of  operation  not  obtainable  by  water.  .  This   at  once   brings   up   the  question   as   to 

line  shaft  drive  even  with  the  use  of  cone  pulleys,  whether  it  is  advisable  to  buy  the  electric  energ)'  from 

1  he  summation  of  these  items  means  increased  effi-  a  central  station  and  produce  the  steam  at  the  plant, 

ciency,  i.  e.,  decreased  operating  expenses.  or  produce  steam  and  electric  current  on  the  premises. 

Group  Drive,  generally  speaking,  is  undesirable  A  careful  study  of  local  conditions  must  be  made  in 

for  the  reason  that  the  groups  must  contain  machines  order  to  determine  the  most  economical  way.     How- 

which  are  not  in  constant    use,    thus    increasing    the  ever,  as  a  rule  central  station  power  can  be  shown  to 
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be  more  economical  and  reliable  and  is  of  particular 
advantage  for  emergencies  and  overtime  work.  In- 
dividual motor  drive  is  recommended  and  the  follow- 
ing data  refers  to  this  class  unless  otherwise  stated . 
Laundries  may  be  divided  into  three  general 
groups : — • 

I — Those  doing  family  work  only. 
2 — Tho.se  doing  railroad  or  .steamship  work  only. 
3 — Institution  laundries  or  those  doing  hotel,  hospital  or 
club  work. 

The  work  done  in  a  laundry  may  again  be  divided 

into  three  groups  as  follows : 

I — Flat  work. 

2 — .Starched  work. 

3 — Rough  dry  work. 

The  machines  used  in  each  case  are ;  for  "flat 
work,"  washers,  extractors,  dry-room  tumblers,  and 
flat  work  ironers ;  for  "starched  work,"  washers,  ex- 
tractors, starchers,  dry-rooms,  dampeners,  ironers, 
and  finishing  inachines ;  and  for  "rough  dry  work," 
washers,  extractors  and  dry-rooms. 

WASHING   MACHINES 

The  washing  machine  used  in  a  laundry  consists 
of  a  stationary  outside  shell  inside  of  which  revolves 


operate  four  washing  machines  by  taking  them  in  rota- 
tion, as  he  can  load  and  unload  four  of  them  in  the 
time  of  a  single  washing  and,  in  addition,  give  the 
necessary  attention. 

Washing  machines  using  crossed  belts  for  re- 
versing are  most  economically  driven  by  compound  di- 
rect-current motors  having  commutating  poles  and  by 
alternating-current  motors  of  the  squirrel-cage  type, 
having  high  starting  torque,  in  connection  with  a  fly- 
wheel. However,  on  account  of  the  extra  cost  of  the 
fl\  wheel,  it  is  usually  omitted,  and  the  motors  are 
required  to  take  the  peak  loads.  This  method  is 
open  to  the  objection  that,  since  the  motors  are  usual- 
ly mounted  on  top  of  the  washer,  the  belts  are  neces- 
sarily very  short  and  a  high  friction  loss  results  due  to 
the  heavy  belt  tension. 

On  account  of  the  acid  fumes,  steam  and  damp- 
ness, it  has  also  been  considered  necessary  to  use  en- 
closed motors  in  connection  with  this  method  of 
mounting,  except  when  open  motors  are  especially  de- 
signed for  it.  The  power  required  varies  from  i  5  to 
5  horse-power,  depending  upon  the  size  of  the  washer, 
the  usual  speed  being  i  8oo  r.p.m. 


FIG.    I — TYPICAL  LAUNDRY   ROOM    SHOWING    METHOD  OF 
LOCATING    MOTORS 

a  cylinder.  The  goods  to  be  washed  are  placed  in  this 
revolving  cylinder  and  subjected  to  the  agitation  and 
action  of  the  wash  solution.  To  prevent  tangling  the 
articles  being  washed  it  is  necessary  that  the  revolving 
cylinder  alternate  its  direction  of  rotation.  This  re- 
versing action  is  accomplished  in  various  ways : — 

I — By  the  use  of  straight  and  crossed  belts. 

2 — By  the  use  of  mechanical   reversing   devices,   such   as 

the  "Clark  gear." 
3 — By  gearing  a  reversing  motor  to  the  revolving  cylinder. 

The  general  cycle  of  an  average  wash  is  as  fol- 
lows : — 

I — Cold  rinse,  lo  minutes. 

2 — Cold  suds  and  soda,  lo  minutes. 

3 — Hot  suds  and  soap,  20  minutes. 

4 — Bleach,  15  minutes. 

.S — Hot  suds,  30  minutes. 

6 — Sour,  10  minutes. 

7 — Blue.  15  minutes. 

8 — Rinse,  10  minutes. 

This  will  make  a  total  of  120  minutes  for  the 
entire  wash.  This  cycle,  of  course,  will  be  varied  in 
different  laundries,  and  any  decrease  in  the  time  re- 
quired for  the  completed  cycle  will  mean  a  corres- 
ponding reduction  in  the  power  consumed  and  hence 
in  the  cost  of  operation.   One  man  can  successfully 
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FIG.    2 — AVERAGE    CYCLE    OF    A    25-INCH    EXTRACTOR    DRIVEN    BY    A 
VERTICAL   DIRECT-CURRENT    MOTOR 

The  Clark  gear  method  of  reversing  is  consider- 
ably more  costly  than  the  crossed  belt  drive  and  is 
seldom  used  for  individual  drive,  but  is  extensively 
used  for  group  drive.  The  reversals  are  obtained  by 
the  use  of  clutches  attached  to  two  bevel  gears 
which  are  driven  by  a  third  gear.  These  gears  arc 
timed  to  give  the  desired  number  of  reversals  per 
minute.  The  washer  is  so  arranged  that  it  has  a 
shaft  connection  with  either  one  or  the  other  of  the 
clutches.  When  used  in  group  drive  a  number  of 
washers  are  placed  side  by  side  and  are  driven  from 
one  shaft.  The  strain  put  upon  the  motor  due  to  the 
reversals  of  one  machine  is  counteracted  by  the  fly- 
wheel effect  of  the  other  machines,  since  when  prop- 
erly arranged  no  two  will  reverse  at  the  same  time. 

Direct-current  motors  for  this  service  should  be 
the  standard  compound-wound  commutaling-pole  ma- 
chine of  the  open  type  at  any  desirable  speed.  How- 
ever, a  speed  of  approximately  900  r.p.m.  is  used 
ordinarily  in  order  that  the  motor  may  be  geared  di- 
rectlv  to  the  counter-shaft.  Squirrel  cage  induction 
motors  having  standard  characteristics  at  900  r.p.m. 
are  suitable  for  this  application.  Three  36  by  70  inch 
washers  require  a  7.5  horse-power  motor. 
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Reversing  Motor  Driven  IVasliers — The  use  of 
reversing  motors  is  a  comparatively  new  step  in  driv- 
ing washing  machines,  but  it  has  been  tried  out  with 
verj'  pronounced  success  and  the  indications  are  that 
it  will  be  used  to  a  much  greater  extent  in  the  future 
if  not  adopted  universally.  These  motors  must  be 
designed  with  special  characteristics,  cooling  features 
and  as  little  flywheel  effect  as  possible.  A  heavily 
compounded  commutating  pole  motor  or  a  squirrel 
cage  motor  having  high  starting  torque  is  used.  The 
normal  full  load  speed  should  be  near  i  150  r.p.m. 
The  motors  are  usually  mounted  on  a  bracket  behind 
the  machine  and  geared  directly  to  it.  The  success 
of  this  application  depends  largely  upon  the  timing 
element  and  control  used  since,  if  properly  timed, 
the  power  will  be  cut  off  from  the  motor  and  the 
weight  of  the  clothes  will  reverse  the  machine  and 
start  it  in  the  opposite  directicfn  before  the  current  is 
again  applied,  relieving  the  motor  of  the  strain  re- 
quired to  retard  the  cylinder  and  start  it  in  the  reverse 
direction.  One  and  one-half  to  five  horse-power  mo- 
tors are  used  depending  on  the  size  of  the  washer. 

The    control    for    direct-current    motors    should 
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FIG.   3 — TEST   RESULTS    OF    A    36   BY    54-INCH    TROV 
WASHING    MACHINE 

consist  of  clapper-type  switches  provided  with  mag- 
netic blowout  coils,  and  the  reversing  switches  should 
be  mechanically  interlocked.  A  series  relay  switch 
should  be  provided  to  cut  out  the  starting  resistance 
when  the  predetermined  current  is  reached,  the  mo- 
tors being  started  through  one  step  of  resistance. 
Alternating-current  motors  use  the  same  type  of 
control  with  the  exception  of  the  series  relay,  since 
they  are  connected  directly  to  the  line.  Push-button 
stations  are  used  and  are  usually  inserted  in  the  relay 
lines,  carrying  only  a  small  current.  Overload  and  no 
voltage  release  features  are  desirable. 

EXTRACTORS 

Extractors  are  machines  employed  to  remove  the 
water  from  the  goods  after  washing.  This  is  done 
by  placing  the  pieces  in  a  perforated  basket  which  re- 
volves at  a  very  high  speed,  thus  throwing  the  water 
out  by  centrifugal  force.  The  peripheral  speed  of  the 
basket  must  be  kept  within  certain  limits,  depending 


upon  the  material  and  thickness  of  the  basket  wall. 
Copper  baskets  are  most  commonly  used  and  are 
usually  run  at  speeds  from  6  500  to  7  500  feet  per 
minute.  When  steel  is  used  the  peripheral  speeds  can 
be  increased  to  approximately  9000  feet  per  minute. 
The  use  of  Monel  metal  allows  a  peripheral  speed  of 
approximately  9  500  feet  per  minute.  The  power  re- 
quired to  start  an  extractor  is  very  high,  but  after 
the  basket  comes  to  speed  the  power  required  drops 
rapidly  to  only  a  fraction  of  the  normal  motor  rating. 

There  are  various  sizes  of  extractors,  var>ing 
from  20  inches  to  48  inches  in  diameter  and  requir- 
ing from  one  to  7.5  horse-pcrwer.  The  horse-power 
required  at  starting  varies  from  two  and  one-half  to 
three  and  one-third  times  the  normal  rating  of  the  mo- 
tor while  the  horse-power  required  at  the  end  of  the 
run  varies  from  one-third  to  one-half.  The  time  re- 
quired to  accelerate  from  rest  to  full  speed  is  from 
45  to  90  "-econds.  Fig.  2  shows  the  average  cycle  of 
a  25  inch  extractor  driven  by  a  vertical  direct-current 
motor,  by  a  hand  operated  starting  box. 

The  direct-current  motors  best  adapted  to  this 
service  are  machines  which  have  very  heavy  com- 
pound windings,  with  speeds  on  light  loads  that  do 
not  exceed  the  shaft  speeds  of  the  centrifugals.  The 
lower  the  speed  at  starting  the  better,  providing  the 
motor  has  sufficient  torque  to  accelerate  the  extractor 
in  the  desired  time.  Pulleys  of  approximately  the 
same  diameter  should  be  used,  if  possible,  upon  mo- 
tor and  extractor.  Arternating-current  machines  of 
the  squirrel-cage  type  having  high  starting  torque, 
and  synchronous  no-load  speeds  approximately  the 
same  as  the  shaft  speeds  of  the  extractors  are  most 
commonly  used  and  give  excellent  results  in  service. 
Induction  motors  of  the  wound  rotor  type,  having 
variable  speed  characteristics,  would  be  more  suitable 
to  this  application,  but  since  this  t>-pe  of  machine  is 
more  costly  than  the  squirrel  cage  motor,  and  since 
the  control  would  be  more  complicated  and  expensive, 
it  is  seldom  if  ever  used  on  extractors  in  laundries. 

The  hand  starters  are  being  superseded  by  auto- 
matic starters  consisting  of  clapper  type  magnetically 
operated  switches  controlled  from  push  button  sta- 
tions. The  direct-current  controllers  are  equipped 
with  series  relays  for  starting,  which  automatically 
cut  out  the  starting  resistance  when  a  predetermined 
current  value  is  reached.  The  alternating-current 
controllers  are  equipped  with  series  relays  which  cut 
out  the  auto-transformers  when  a  predetermined 
value  of  current  is  reached.  In  some  instances  with 
small  extractors,  alternating-current  motors  are  con- 
nected directly  to  the  line. 

Method  of  Drive — In  most  cases  the  motors  are 
mounted  on  a  bracket  behind  the  extractor  and  are 
belted  to  the  spindle  pulley.  Vertical  as  well  as  hori- 
zontal motors  are  used  but  vertical  motors  are  not  as 
satisfactory  as  horizontal,  since  the  distance  betiveen 
belt  centers  is  very  short  and  the  belts  necessarily 
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have  to  be  veiy  tight,  and  bearing  troubles  usually 
result.  In  addition  to  the  above,  vertical  motors  re- 
quire either  top  covers  or  drip  shields,  which  inter- 
fere with  the  ventilation  of  the  motor  and  add  to  the 
size  and  cost  of  the  outfit.  By  using  a  horizontal 
motor  and  mounting  it  on  a  pedestal  behind  the  ex- 
tractor, and  by  using  idler  pulleys,  greater  distance 
between  belt  centers  can  be  obtained,  and  an  open 
motor  with  standard  dimensions  can  be  used. 

ST  ARC  HERS 

Starching  machines  are  most  commonly  used  for 
collar,  cuff  and  shirt  work. 

The  Collar  and  Cuff  Starchers  usually  employ 
some  method  of  soaking  the  goods  in  boiling  starch, 
followed  by  pressure  and  a  rubbing  motion  which  ex- 
actly simulates  hand  rubbing.  The  goods  are  carried 
into  the  starch  paste  between  open  weave  aprons  and 
cannot  become  folded  or  wrinkled,  but  come  out  of 
the  starch  smooth  and  well  filled. 

There  are  several  makes  and  types  of  these  ma- 
chines now  on  the  market  but  the  Hagan  and  Troy 
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type  machines  are  perhaps  the  most  generally  used 
and  these  machines  require  from  one-quarter  to 
three-quarter  horse-power  at  any  constant  speed. 
These  motors  usually  have  covers  or  drip  shields  to 
prevent  the  entrance  of  spray  starch  and  are  of  the 
constant  speed  non-reversing  type.  Various  methods 
of  mounting  are  used  but  the  most  common  is  to  gear 
the  motor  to  the  machine  by  worm  or  spur  gears. 

Shirt  Starchers — There  are  two  common  types 
of  shirt  starchers,  one  used  for  neck  and  waist  band 
work  and  the  other  for  shirt  bosoming  work.  Both 
of  these  machines  can  be  driven  by  horizontal  motors 
of  from  one^uarter  to  one-half  horse-power  at  ap- 
proximately 850  r.p.ni.  In  some  cases  the  motors 
are  belt  driven  while  in  others  they  are  geared. 

DRY    ROOMS 

There  are  two  types  of   dry  rooms,  one  which 

employs  an  endless  chain  conveyor  system  upon  which 

the  goods  are  carried  through  the  room  continuously 


and  the  oilier  in  which  the  goods  are  hung  on  racks 
or  trucks  and  pushed  into  the  cabinet. 

The  conveyor  dry  rooms  are  built  in  various 
sizes  and  depths  and,  besides  operating  the  chains, 
the  motor  is  required  to  operate  one  or  more  fans. 
The  motor  should  never  be  mounted  in  the  room 
proper  as  the  temperature  is  very  high.  The  best 
practice  is  to  mount  it  on  the  wall  or  ceiling  of  the 
adjacent  room  and  drive  the  regular  countershaft  of 
the  cabinet  by  belt.  The  motors  used  for  this  service 
should  be  of  the  constant  speed  type  and  require  from 
three-quarters  to  two  horse-power  at  any  speeds  be- 
tween 850  and  I  700  r.p.m.,  and  should  be  equipped 
with  some  form  of  belt  tightener. 

The  dry  rooms  employing  the  rack  or  truck  me- 
thod use  a  motor  only  to  drive  a  fan  for  circulating 
the  air.  The  fan  requiring  approximately  a  one- 
si.xth  horse-power  motor  is  most  commonly  used. 

Dry  Room  Tumblers — Dry  room  tumblers  are 
used  primarily  for  rough  dry  work  and  are  built  upon 
the  same  principle  as  the  reversing  washing  machines. 
One  or  more  fans  are  usually  directly  attached  to  the 
machine  to  blow  or  draw  heated  air  over  and  through 
the  goods  to  be  dried.  The  motor  is  generally  placed 
on  the  side  of  the  machine  and  operates  it  by  means 
of  a  silent  chain  connected  to  a  countershaft  from 
which  the  pulleys  of  the  cylinder  and  the  fan  shafts 
are  operated.  The  power  required  is  from  three  to 
five  horse-power  at  from  900  to  i  000  r.p.m.  All 
direct-current  motors  should  be  compound  wound  and 
alternating-current  motors  should  have  high  resistance 
squirrel-cage  rotors. 

Tumblers — Tumblers  are  used  to  loosen  up  flat 
work  pieces  which  become  entangled  in  the  extractors. 
These  machines  are  virtually  the  same  as  washing  ma- 
chines except  that  the  cylinders  are  not  encased  and, 
of  course,  no  liquids  are  used.  The  power  required 
is  from  one  and  one-half  to  two  horse-power,  and 
any  drive  enumerated  under  the  washing  machine 
subject  may  be  employed. 

D.\MPENERS 

Dampeners  are  machines  used  to  moisten  all 
starched  goods  after  drying  and  prior  to  the  ironing 
process.  The  power  required  to  drive  these  machines 
is  from  one-sixth  to  three-quarter  horse-power.  The 
motors  require  no  special  features. 

IRONERS 

Collar  and  Cuff  Finishing  Machines  are  usually 
small  and  are  grouped  together  on  a  table  and  belted 
to  a  common  shaft  which  is  driven  by  a  motor  of 
from  one-half  to  three-quarters  horse-power.  In 
some  cases  the  motor  is  geared  to  the  shaft  while  in 
others  it  is  belted.  This  group  usually  contains  a 
collar  seam  dampener,  collar  and  cuff  shaper.  collar 
folder  and  a  collar  and  cuflf  smooth  edge  ironer. 

Steam  heated  collar  and  cufif  ironers  are  usually 
individually  driven  by  a  constant  speed  motor,  but 
they    may    be    driven    to    advantage    by    a    variable 
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speed  motor,  particularly  where  the  steam  pressure 
is  apt  to  be  low.  Since  the  motors  are  small,  three- 
quarter  horse-power,  there  is  no  serious  objection  to 
using  armature  control  for  varying  the  speed.  Collar 
and  cuff  ironcrs  with  gas  heated  rolls  require  con- 
stant speed  motors  of  from  one  to  two  horse-power. 
Bosom  Ironers — Three  distinct  types  of  bosom 
ironers  are  in  use :  the  reciprocating  type  where  the 
bosom  passes  back  and  forth  under  a  revolving  drum ; 
the  one   wav  type   where   the   bosom   travels   in   one 
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FIG.    5 — A    SET   OF  REVERSING    WASHERS    DRIVEN    BV    A    SINGLE 
DIRECT-CURRENT   .MOTOR 

direction  only  under  heated  rolls;  and  the  presses. 
Recii)rocating  ironers  are  built  to  reverse  either  me- 
chanically or  electrically.  The  mechanical  reverse 
is  obtained  by  gears  actuated  by  a  foot  treadle.  The 
electrical  reverse  is  obtained  by  reversing  the  motor 
by  means  of  a  switch  operated  from  a  foot  treadle. 
In  both  cases  slow-speed  motors  of  one-half  horse- 
power capacity  are  used.  The  direct-current  motors 
are  shunt  wound  for  mechanical  reversing  and  com- 
]ioimd  for  electrical  reversing.  The  alternating-cur- 
rent motors  are  of  the  squirrel-cage  type,  with  high 
resistance  rotors  for  the  electrical  reversing  machine. 
'Ihc  one  way  machines  re(|uire  constant  speed  motors 
of  one  horse-power  capacity.  The  presses  require  a 
motor-driven  pump  to  compress  a  liciuid  (mostly  oil) 
which  in  turn  operates  the  press. 

In  some  cases  a  reversing  motor  of  one-hall 
horse-power  is  used,  while  in  other  cases,  ncn-revers- 
ing  constant-speed  motors  of  one-half  horse-power 
are  used. 

Neck  Baud  Iroiu-rs  are  similar  to  the  sleeve  and 
body  ironer,  except  that  tliev  are  smaller  and  rccjuire 
constant  speed  motors  of  from  one-eighth  to  one- 
quarter  horse-power. 

SIcc'l'c  and  Body  Ironers — All  modern  sleeve  and 
body  ironers  are  of  the  reversing  type,  and  are  re- 
versed either  mechanically  or  electrically  the  same  as 
the  bosom  ironcrs.  The  sleeve  ironers  require  one- 
quarter  horse-pow-er  motors  and  the  body  ironers  one- 
half  horse-power  motors.  Where  reversing  motors 
arc  used,  the  direct-current  machines  must  be  com- 


pound   wuuuil    and    the  alternating-current   n: 
must  have  high   starling  torque.     If   niechani-.     . 
versing  is  used,  shunt  wound  direct-current  motors, 
and  low  resistance  squirrel-cage  motors  can  be  used. 

Flat  Work  Ironers  and  Mangles — Perhaps  no 
other  machine  in  the  laundry  offers  as  many  induce- 
ments to  individual  motor  drive  as  the  tlat  work 
ironer  or  mangle.  It  is  necessary  that  these  machines 
be  placed  where  there  is  as  little  dust  as  possible  and 
where  good  light  is  obtainable.  Both  the  above  fea- 
tures can  readily  be  obtained  by  individual  motor 
drive  while  it  is  practically  impossible  to  do  so  with 
line  shaft  and  belt  drive.  Variable  speed  motors 
should  be  used  in  order  to  be  able  to  obtain  the 
speeds  necessary  to  do  the  best  work  on  the  various 
classes  of  goods  to  be  ironed.  The  motors  should  be 
equipped  with  reversing  controllers  to  facilitate  re- 
padding  of  the  rolls.  Shunt-wound  variable  speed 
direct-current  motors  using  field  control  and  wound 
rotor  alternating-current  motors  of  the  C'jnstant 
torque  type  give  the  best  results. 

These  machines  are  built  with  and  without 
aprons  for  carrying  the  goods  and  require  from  one- 
half  to  five  horse-power.  The  smaller  machines  are 
usuallv  made  of  the  constant  speed  type,  while  the 
larger  machines  have  from  2  :  i  to  4  :  i  speed  range 
by  armature  and  field  control. 

Dry  Cleaning  Plants — The  motor  apiilications 
for  dry  cleaning  plants  will  be  practically  the  same 
as  for  laundry  work. 

Every  laundry  man  realizes  the  advantages  to 
be  gained  by  having  bis  laundry  clean,  well  lighted 
and  properly  ventilated.     It  not  only  creates  cleanli- 


FIG.    6 — GENERAL   VIEW    OF    A    MOTOR-OPERATED    WASHER    AND 
EXTRACTOR    ROOM 

ness  and  content  among  the  employes,  but  increases 
their  efficiency  very  materially,  and  makes  it  possible 
to  run  with  the  minimum  loss  of  time  in  the  hot 
summer  months.  Individual  drive  makes  possible  the 
use  of  improved  ventilating  systems  and  also  increases 
their  efficiency,  since  it  eliminates  practically  all  dust 
gathering  and  oil   dripping  caused   by  line   shafting. 


Fabrication  of  Rubber  Goods. 


E.  C. 

SCRAP  RUBBER  is  extensively  used  in  the 
manufacture  of  a  wide  variety  of  articles  of 
daily  use.  But  before  it  can  be  put  to  such  use 
it  must  be  reclaimed  from  the  old  rubber  boots,  shoes, 
hose,  tires,  etc.,  commonly  known  as  scrap,  by  the 
rubber  trade ;  also,  a  certain  amount  of  pure  gum 
must  be  prepared  from  the  raw  material  for  com- 
jiounding  with  the  reclaimed  stock  in  the  manufac- 
ture of  rubber  goods. 

THE  RECLAIMING   PROCESS 

When  scrap  is  received  at  a  reclaiming  plant,  it 
is  first  conveyed  to  a  tumbler  where  the  loose  dirt  is 
removed.  From  the  tumbler  it  is  emptied  into  mills 
called  "crackers"  which  have  two  steel  rolls,  one 
corrugated  and  the  other  smooth,  as  shown  in  Figs,  i 
and  2.  Here  the  scrap  is  practically  chewed  up  into 
small  pieces,  but  is  still  far  from  bemg  digested, 
for  the  stock  put  into  tires,  together  with  the  fibrous 


Baugher 

and  the  use  to  which  it  will  be  put,  in  the  same  type 
of  cylinder  as  used  for  devulcanizing.  At  the  tem- 
perature used,  some  of  the  sulphur  particles  are  con- 
verted into  a  vapor  or  gas  and  combined  with  a  rub- 
ber compound.  By  this  process  the  rubber  is  hard- 
ened, toughened,  made  durable  and  vitalized.  In  the 
devulcanizing  proces.s,  a  higher  temperature  is  used, 
so  that  the  sulphur  is  driven  out  of  the  compound, 
which  is  reduced  to  a  plastic  form,  without  elasticity. 
From  the  devulcanizer,  the  stock  enters  an  open 
dryer  with  a  temperature  of  about  120  degrees  F. 
.\fter  it  has  become  thoroughly  dried,  it  passes  on  to 
the  grinders  and  sheeters  where  it  is  pulverized, 
mixed  with  various  compounds  and  run  out  into 
sheets.  This  reclaimed  stock  is  used  in  the  manufac- 
ture of  almost  every  kind  of  mechanical  rubber  g«ods 
on   the   market,   but    for   the  better  grade  of   rubber 


FIG.    I  —  MOTOR-DRIVEN    MILL    SHOWING    DOUBLE    MORSE    CHAIN 
DRIVE  AND  HEAVY  MILL  GEARING 

material,  forms  a  substance  which  is  not  easily  re- 
duced to  a  condition  in  which  it  can  be  used  to  ad- 
vantage again.  So  from  the  crackers  the  broken  up 
scrap  is  taken  to  a  sulphuric  acid  bath  where  it  re- 
mains for  about  four  hours,  the  fibre  being  entirely 
disposed  of.  From  the  acid  bath  the  stock  goes  to  a 
tub  washer  which  consists  of  an  elliptically  shaped 
tub  with  a  rotating  paddle  wheel  on  one  side.  Here 
the  acid  and  other  foreign  matter  are  washed  from 
the  stock,  usually  requiring  an  hour  or  two.  The 
stock  then  goes  to  a  "devulcanizer,"  (this  term  is  a 
misnomer,  but  still  a  name  which  clings  to  the  trade), 
which  consists  of  a  large  iron  cylinder  into  which  the 
stock  is  placed.  The  end  is  then  closed,  steam  is  ad- 
mitted at  a  temperature  of  about  350  degrees  F.,  and 
the  stock  is  subjected  to  this  temperature  for  from 
four  to  thirty-six  hours.  To  explain  "devulcanizing" 
it  is  necessary,  first,  to  detail  the  process  of  vulcaniz- 
ing, which  consists  in  subjecting  the  stock,  which  ha> 
been  compounded  and  mixed  with  sulphur  in  a  mill 
called  a  "mixing  machine,"  to  a  given  temperature  for 
a  definite  period  of  time,  depending  upon  its  qualit\ 


FIG.  2 — VIEW  OF  RECLAIMING  DEPARTMENT  SHOWING  MILL  DRIVEN 
BY  TWO  150  HORSE-POWER  AND  ONE  200  HORSE-POWCR  SQUIR- 
REL-CACE   INDUCTION    MOTORS     OPERATING   AT   435    R.P.M. 

The  mills  are  driven  in  three  rows  by  line  shafts  beneath 
the  floor. 


goods,  such  as  tires,  a  certain  amount  of  pure  gummed 
stock  is  mi.xed  with  the  reclaimed  stock  in  order  to 
prolong  its  life  and  give  it  staying  and  wearing 
qualities. 

TREATMENT    OF    PURE    GUM 

\Mien  pure  gum  is  received  in  a  rubber  factorj' 
it  is  in  the  form  of  large  bales  or  biscuits.  These  are 
first  cut  into  pieces  on  a  rapidly  revolving  circular 
knife  with  water  running  over  it.  In  winter  the  gum 
is  then  put  in  a  hot  bath  to  remove  all  frost.  It  is 
then  put  through  the  crackers,  the  latest  type  of  which 
has  two  chilled  steel  rolls,  about  i8  by  30  inches, 
grooved  longitudinally  with  rectangular  grooves,  and 
geared  together  so  as  to  give  different  peripheral 
speeds  to  the  rolls.  If  this  stock  is  pure  para,  it  is 
then  washed  in  a  tub  washer;  pontianac  and  gtiayule 
are  not  usually  put  through  washers.     The  stock  then 


THE  ELECTRIC  JOURNAL 


169 


passes  to  a  sheeter,  the  latest  type  of  whicli  has  two 
rolls  18  and  16  by  40  inches,  grooved  circumferentially, 
with  four  longitudinal  grooves  and  geared  together  in 
the  same  manner  as  the  crackers.  Six  of  the  sheeters 
can  be  fed  by  two  crackers.  From  the  sheeters  pure 
para  and  pontianac  are  dried  for  about  three  weeks  in 
a  room  having  a  temperature  of  about  90  degrees  F. ; 
guayule  is  dried  in  a  steam  heated  dryer,  requiring 
about  three  or  four  hours  only,  the  latter  gum  not 
being  injured  by  the  rapid  drying  and  high  tempera- 
ture. 

Fnim  tiie  dryers  the  gum  goes  to  the  drug  room, 
where  it  is  proportioned  with  various  ingredients,  de- 
pending upon  the  ultimate  use  for  which  it  is  in- 
tended, and  then  to  the  compound  room,  where  it  is 
mixed  in  mixing  machines.  After  it  is  mi.xed,  it  is 
allowed  to  season  for  three  or  four  days  before  being 
put  into  warmers,  where  the  stock  is  heated  for  the 
calenders. 

THK    CALKNDERING    PROCESS 

In  the  calender  room  one  of  the  most  important 
processes  of  the  industry  is  carried  on.  The  calender 
is  used  for  three  different  purposes — "skim  coating." 
"frictioning"  and  "calendering"  or  "sheeting"  rub- 
ber.    In  the  skim  coating  process,  the  stock  is  simply 
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FIG.   3 — A  REPRKS1CNT.\TI0.N-  OF  THE  OPER.\TI0N   OF   A   CALENDER   IN 

VAKIOVS  RUBBER  MAKING  PROCESSES 

n — Skim  coating,     b — Frictioning.     c — Calendering. 

spread  over  the  surface  of  cloth  in  very  much  the 
same  manner  as  that  used  in  spreading  machines  in 
which  carriage  tops  and  automobile  covers  are  pre- 
pared. In  friction  work  the  stock  is  rubbed  into  the 
fabric  so  tliat  the  cloth  is  entirely  impregnated  with 
the  rubber  compound.  This  stock  is  used  for  making 
automobile  tires,  rubber  belts,  etc.  In  calendering  or 
sheeting  rubber,  the  stock  merely  passes  through  the 
rolls  and  comes  out  in  sheets  of  different  widths,  de- 
pending upon  the  number  of  knives  used  in  cutting. 
This  stock  is  used  for  inner  tubes  of  automobile  tires, 
rubber  treads,  etc. 

A  clearer  impression  of  each  of  the  above  pro- 
cesses may  be  obtained  from  Fig.  3.  In  Fig.  ya  the 
calender  rolls  are  shown  prepared  for  the  process  of 
fkim  coating.  The  top  roll  is  hot  and  is  geared  to 
operate  at  two-thirds  the  speed  of  the  other  two  rolls, 
both  of  which  are  operated  cold.  The  stock  is  fed  in 
between  the  top  and  center  rolls  and  clings  to  the 
center  roll,  but  leaves  it  at  the  time  of  spreading  on 
the  fabric,  which  passes  between  the  center  and  the 
bottom  rolls.  Usually  five  men  are  required  for 
operating  a  calender  during  this  process. 


In  Fig.  yb  are  shown  the  three  rolls  of  a  cal- 
ender prepared  for  friction  work.  In  this  case  all 
three  rolls  are  kept  hot  and  the  center  roll  operates  at 
a  much  higher  speed  than  the  other  two.  The  stock 
is  fed  in  between  the  top  and  center  rolls  and  clings 
to  the  center  roll.  The  speed  of  the  fabric  as  it 
passes  between  the  center  and  bottom  rolls  is  less 
than  the  peripheral  speed  of  the  center  roll  so  that 
the  stock  is  rubbed  into  the  cloth  and  the  latter  is 
thoroughly  impregnated.  Usually  three  men  are  re- 
quired to  operate  a  calender  for  such  work. 

In  Fig.  3-c  are  shown  the  rolls  of  the  calender 
prepared  for  calendering  rubber.  All  three  rolls  are 
geared  to  operate  at  the  same  speed,  the  top  roll 
being  warm,  the  center  one  hot  and  the  bottom  on? 
cold.  The  stock  is  passed  between  the  top  and  center 
rolls  and  clings  to  the  center  roll,  so  that  in  order  to 
remove  it  in  the  form  of  a  sheet  when  starting  up,  it 
is  necessary  to  cut  the  stock  longitudinally  from  the 
center  roll  and  let  it  pass  around  under  the  bottom 
roll  to  the  reels  on  the  other  side  of  the  calender. 
Five  men  are  required  for  calendering.  The  stock 
produced  from  a  calender  by  this  process  is  usually  cut 
into  strips  by  small  knives  pressing  against  the  face 
of  the  center  roll  opposite  the  side  upon  which  the 
stock  is  entered ;  these  sheets  of  rubber  are  then 
wrapped  around  cloth  in  the  process  of  winding  up  on 
the  reel  in  order  to  keep  the  layers  from  sticking 
together. 

I'OWER    REQUIREMENTS    FOR    RECLAIMING   STOCK 

The  power  required  for  driving  various  machines 
in  the  rubber  industry  can  be  discussed  only  in  a  gen- 
eral way  without  the  use  of  data  from  exhaustive 
tests  which,  without  knowing  the  nature  of  the  stock 
in  each  case,  migh  be  very  misleading.  The  following 
factors  are  involved  in  the  study  and  use  of  motors 
for  driving  the  various  machines. 

The  Mill  Drive  has  an  extremely  fluctuating  load, 
the  power  required  being  governed  by  the  size  and 
speed  of  the  rolls  which  are  used,  by  the  quality  of 
the  stock  being  broken  down  or  mixed,  by  the  tem- 
perature and  the  rate  at  which  this  stock  is  fed  to 
the  rolls. 

Crackers  vary  considerably  in  size,  but  for 
crackers  having  about  16  by  36  inch  rolls,  such  as  de- 
scribed previously,  used  in  breaking  down  scrap  rub- 
ber, the  power  required  for  each  machine  averages 
about  25  horse-power.  Where  a  large  number  of 
these  are  belted  to  one  shaft,  the  load  factor  of  this 
shaft  must  be  taken  into  consideration  so  that  in  the 
case  of  ten  crackers,  for  instance,  a  200  horse-power 
motor  would  be  of  ample  size. 

The  Grinders  used  in  the  reclaiming  plant  re- 
ferred to  above  require  only  about  20  horse-power 
each  for  mills  15  by  45  inches.  The  stock  being  very 
soft,  requires  a  correspondingly  small  amount  of 
power.  In  one  large  reclaiming  plant  where  there  are 
installed  42  grinders  of  the  above  size,  a  750  horse- 
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power    motor    was    installed    to    drive    the    machines. 

I'oWKR    REQUIREMENTS    FOR    PURE    GUAt 

In  a  [jlant  which  handles  largely  pure  gum  stock, 
the  power  requirements  arc  very  different.  For  in- 
sta.nce.  in  the  case  of  the  crackers  and  sheeters  in  the 
washing  room,  as  noted  above,  two  crackers  will  feed 


FIG.  4 — DET.AIL  VIEW  OF  MOTORS  AND  MORSE  CH.^IN    DRIVES  SHOWN 
IN    THE  B.\CKGROUND  OF  FIG.   2 

six  sheeters  and  for  a  line  shaft  to  which  mills  of  the 
above  type  are  belted,  an  average  of  25  horse-power 
per  mill  will  be  suitable.  Of  course,  at  the  time  of 
throwing  large  pieces  of  pure  para  into  a  cracker,  the 
momentary  horse-power  is  very  great,  but  this  drops 
off  immediately  after  the  stock  is  broken  down. 

Mill  Drive — The  power  required  for  driving 
mills  which  are  used  for  mixing  rubber  compounds 
will  be  governed  by  the  size  of  the  mills.  The  start- 
ing requirements  are  heavy,  and  large  momentary 
peaks  are  common,  so  that  a  wound-secondary  motor 
is   desirable.     Each   specific   case,   however,   must   be 


FIG.  5 — A  SQU1RREL-C.\GE  INDUCTION  MOTOR  DRIVING  THREE  l8  IN. 
BY  60  IN.  MIXING  MILLS,  ONE  OF  WHICH  IS  SHOWN  IN  THE 
FOREGROUND 

thoroughly  investigated  with  respect  to  the  quality  of 
stock  being  used  and  the  size  and  speed  of  the  rolls. 
When  driving  a  number  of  mills  from  one  shaft  by 
a  motor,  it  is  a  good  plan  to  have  a  large  flywheel  on 
the  end  of  the  shaft,  which  not  only  smooths  out  the 
peaks,  but  relieves  the  chain  of  gears  from  undue 
strains. 


Calenders — It  has  been  found  that  calendering  or 
sheeting  rubber  requires  more  power  than  skim  coat- 
ing or  friction  work  for  a  given  sjieed.  Frictioning 
is  run  at  a  higher  speed  than  calendering,  however, 
and  consequently  a  larger  motor  is  often  required  for 
frictinning  than  for  sheeting.     It  has  also  been  found 


FIG.   6 — A    FOUR   INCH    TUBING    MACHINE    DRH'EN    BY    \    SQUIRREL- 
CAGE   INDUCTION    MOTOR 

that  the  power  required  for  driving  a  calender  in- 
creases as  the  distance  between  rolls  decreases.  This 
is  especially  marked  where  the  stock  is  hard  and  is 
accounted  for  by  the  increased  wedging  action  when 
the  rolls  are  brought  closer  together.  Calender  drive 
is  nearly  a  constant  torque  proposition,  although  the 
torque  required  is  somewhat  greater  at  speeds  below 
ten  yards  per  minute.  This  is  shown  by  the  fact  that 
at  constant  torque  the  horse-power   required   should 


FIG.    7 — A   THREE   ROLL,   22    IN.   BY    66   IN.   CALENDER   DRIVEN   BY    A. 

DIRECT    CURRENT    MOTOR    WITH    AUTOMATIC    UNIT    SWITCH    CON- 
TROL PANEL 

drop  off  in  proportion  to  the  decreasing  speeds,  but 
at  less  than  ten  yards  per  minute  the  horse-power 
does  not  decrease  in  this  proportion.  It  was 
recently  found  in  one  rubber  mill  that  due  to  tlie 
nature  of  a  certain  kind  of  stock  which  is  used  in 
making  rubber  heels,  the  power  required  for  driving 
the  calender  at  the  lower  speeds  was  increased  very 
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greatly;  iliiis,  instead  of  the  tor(|iie  remaining  con- 
stant throughout  the  range  of  speeds,  it  was  practic- 
ally doubled  at  about  ten  yards  per  minute.  It  is, 
therefore,  not  safe  to  assume  that  the  torque  required 
to  drive  a  calender  will  remain  constant  at  all  speeds. 

SPEED  CONTROL 

Because  even  increments  of  speed  can  be  secured 
with  direct-current  motors,  as  well  as  the  advantage 
of  dynamic  braking  in  case  of  emergencies,  this  type 


of  motor  is  preferred  by  rubber  mill  superintendents 
for  calender  drives.  A  speed  range  of  300-900  r.p.ni. 
can  be  secured  by  field  control  when  back-geared  mo- 
tors are  adopted,  but  this  arrangement  is  not  nearly 
so  compact  as  that  secured  by  a  lower  speed  range. 
For  instance,  a  motor  having  a  speed  range  of  235  to 


FIG.     9 —  A      KiUR-KOIL     CALENDF.R    DRIVEN    BV    .\    SQUIRREL-C.VGE 
I.NDUCTION    MOTOR 

Showing  compact  arrangcmoiit  possible  by  the  use  of  the 
Morse  chain  drive. 

700  r.p.m.  by  field  control,  and  lower  speeds  by  arma- 
ture control,  can  be  connected  by  chain  directly  to  a 
sprocket  on  the  calender  pinion  shaft.  Very  frequently 
the  motor  can  be  located  in  the  basement  and  no  space 
whatever  is  required  on  the  calender  room  floor  for 
the  motor. 

The  control  panel  should  be  of  the  niagfiiet  switch 
type  operated  from  a  master  controller,  which  should 


have  opposite  each  notch  a  small  "bu^s  u;.  n  a. 11,11 
can  be  stamped  numbers  corresponding  to  yards  per 
minute  of  production.  If  desired,  the  controller  may 
be  locked  at  any  speed  to  prevent  the  operator  speed- 
ing up  near  quitting  time  in  order  to  finish  a  piece  of 
material,  or  slowing  down  so  that  he  can  loaf  on  the 
job,  either  of  which  might  impair  the  quality  of  the 
goods. 

iMom  careful  records  kept  in  one  large  rubber 
plant,  it  has  been  found  that  three  electrically  driven 
calenders  will  turn  out  the  same  amount  of  work  as 
four  which  are  mechanically  driven  from  a  line  shaft; 
this  is  due  to  the  wider  range  of  speed  secured 
through  the  ability  to  secure  even  increments  of  speed 
and  the  time  saved  in  changing  from  one  to  another. 
In  other  words,  each  grade  of  stock  can  be  run  at  the 
limiting  speed,  whereas  a  mechanically  driven  calen- 
der has  but  two  speeds— a  high  and  low — and  if  a 


Fin.   10 — A  THREI-Rul.l.  i.,;.. „   .„.VEN   BY  A   SQUIRREL-CAr.E 

INDUCTION    MOTOR 

Showing  Morse  chain  drive  with  single  gear  reduction  as 
compared  with  the  double  gear  reduction  of  Fig.  8. 

given  material  will  not  stand  the  high  speed  but  could 
be  run  faster  than  the  low  speed,  this  latter  is  its 
limit. 

The  fact  that  three  electrically  driven  calenders 
will  replace  four  mechanically  driven  has  the  follow- 
ing significance  and  should  be  taken  advantage  of: 

The  average  three-roll  calender  costs  installed $toooo 

Fixed  charges,  e.   g.,   interest,   depreciation,   insurance 

and  taxes  on  this  investment  at  15  percent i  500 

As  each  calender  requires  five  men  to  operate  it  and 
tliese  men  are  paid  an  average  wage  of  $12  each 
per  week,  in  one  year  wages  saved 3120 

Assuming  the  average  power  required  for  a  calender  is 
is  35  horse-power  at  thirty  dollars  per  horse-power 
per  year  i  050 

Total $5  6-0 

From  this  must  be  deducted  the  fixed  charges  incident 

to  equipping  three  calenders  electrically. 
3    calenders    electrically    equipped,     including    Morse 

chains    7  500 

Interest,  depreciation,  insurance  and  taxes  at  15  percent.     I  125 

Net  saving  effected $4  54.= 

or  the  cost  of  the  electrical  equipment  will  be  returned 
in  about  20  months. 


Electric  Drilling  in  the  Oil  Fields 


W.  R.  Johnston 

AS  USUALLY  found,  petroleum  consists  of  the 
hydro-carbons  of  a  paraffin,  asphalt  and  sul- 
phur series,  ranging  from  the  heaviest  oil  to 
the  lightest  gas,  the  gas  being  held  in  a  manner  similar 
to  carbonic  gas  in  soda  water.  This  combination  of 
oil  and  gas  is  found  in  what  is  known  as  the  oil  sand, 
a  porous  layer  which  bends  and  dips  much  as  any 
other  strata,  causing  it  to  outcrop  in  some  places, 
giving  rise  to  oil  seepage  and  in  other  cases  going  to 
unknown  depths.  To  reach  this  sand  it  is  usually 
necessary  to  drill  through  overlying,  non-producing 
strata. 

In  general  the  drilling  operations  may  be  classified 
as  cable  drilling  and  rotary  drilling,  though  quite  fre- 
quently a  combination  of  both  methods  may  be  used 
to  advantage.  In  cable  drilling  a  string  of  tools  is 
alternately  hurled  upward  and  dropped  onto  the  rock 
breaking  it  into  small  pieces.  In  rotary  drilling  the 
tool  rests  on  the  rock  and  cutting  is  accomplished  by 
rotation.  The  parts  which  compose  a  string  of  tools 
used  in  cable  drilling,  and  the  variation  in  weight  and 
length  of  those  parts  are  shown  in  Figs,  i  and  2,  to- 
gether with  the  manner  in  which  the  string  is  fastened 
to  the  cable  and  suspended  from    the    walking   beam. 

In  cable  drilling  it  is  impossible  to  start  drilling 
from  the  beam,  because  the  drilling  tools  may  be  28.5 
to  63.5  feet  in  length  while  at  a  maximum  the  beam  is 
not  more  than  18  feet  above  the  derrick  floor.  In 
starting  the  well,  then,  it  becomes  necessary  to  do 
what  is  termed  "spudding."  The  manner  in  which 
this  is  accomplished  is  best  seen  from  Fig.  4.  The 
pitman  is  disconnected  from  the  bandwheel  B  and  the 
drilling  tools  are  suspended  from  the  bull  wheel  C.  A 
"jerk  line"  is  attached  to  the  wrist  pin  of  the  driving 
wheel  B,  and  the  other  end  of  the  line  is  connected 
with  a  "spudding  shoe"  which  works  freely  on  the 
cable.  Rotation  of  the  bandwheel  gives  a  reciprocat- 
ing motion  to  the  tools.  It  has  been  found  that  for 
most  efficient  spudding  the  tools  should  be  raised  and 
dropped  at  a  rate  of  approximately  40  to  50  times 
per  minute.  As  the  tools  progress  the  operator  gradu- 
ally lets  out  the  cable  in  accordance  with  the  ad- 
vance he  is  making.  The  depth  to  which  he  will 
"spudd"  before  putting  the  tools  on  the  beam  will 
depend  on  the  weight  of  the  tool  and  the  strength  of 
the  derrick,  since  in  this  operation  all  the  jar  and 
strain  passes  through  the  derrick.  When  operating 
from  the  beam  the  strain  is  taken  up  by  a  substantial 
upright  timber,  the  "sampson  post,"  designed  for  this 
service. 

When  finally  the  strain  has  reached  a  point  which 
makes  it  necessary  to  transfer  these  strains  to  the 
sampson  post,  the  cable  is  caught  up  by  a  clamp  hung 
from  the  temper  screw  as  shown  in  Fig.  i,  the  pitman 
is  fastened  to  the  wrist-pin    on    the    bandwheel    and 


the  motion  of  the  bandwheel  works  the  beam  up  and 
down,  raising  and  dropping  the  tools.  A  good  illustra- 
tion of  what  takes  place  in  drilling  may  be  seen  by 
taking  a  long  elastic  cord  with  a  weight  suspended 
from  one  end  and  moving  the  free  end  of  the  string 
up  and  down.  For  a  definite  length  of  elastic,  the 
weight  hits  the  ground  with  greatest  force  at  a  cer- 
tain speed  and  to  obtain  a  corresponding  blow  with 
increasing  depth  it  is  necessary  to  slow  down  the 
movement  of  the  hand.  The  initial  movement  is  also 
greatly  amplified  when  it  reaches  the  weight;  we  are 
told  that  in  deep  wells,  with  a  three  foot  movement  of 
the  beam  the  tool  is  actually  hurled  upward  nearly 
15  feet.  It  is  this  hurling  up  of  the  tool,  followed 
by  an  unrestrained  or  free  fall,  that  gives  rise  to  the 
most  effective  blow. 

As  the  tools  advance  with  repeated  blows  the 
temper  screw  is  let  out  to  keep  the  tool  pounding  on 
the  rock.  When  the  screw  has  traveled  its  length, 
5.5  to  6  feet,  the  cable  is  released,  the  temper  screw 
brought  to  its  shortest  length  and  the  clamp  put  on 
higher  up.  This  cycle  is  repeated  throughout  the 
drilling  operation.  In  an  average  case  the  time  taken 
in  going  this  distance  may  vary  from  one-half  to  six 
hours,  depending  on  the  depth  at  which  drilling  is 
being  done,  and  the  nature  of  the  formation.  Where 
the  bandwheel  is  run  at  40  to  50  revolutions  per 
minute  in  spudding  its  speed  is  reduced  to  30  to  40 
revolutions  per  minute  when  operating  from  the  beam, 
and  as  greater  depths  are  reached,  is  further  cut  down 
until  at  3  000  feet  the  bandwheel  will  be  running  at 
only  18  or  20  revolutions.  \MTere  a  steel  cable  is  used 
instead  of  hemp,  this  speed  may  be  as  high  as  20  or 
25  revolutions  per  minute. 

\'ariation  from  the  proper  speed,  especially  in 
deep  wells,  may  be  serious  in  that  if  the  beam  should 
pull  up  too  quickly  it  might  break  the  cable  or  on  the 
other  hand  if  the  beam  should  fall  out  of  synchronism 
with  the  motion  of  the  tool,  because  it  has  slowed 
down,  the  tool  would  probably  only  travel  through  the 
distance  traveled  by  the  beam  and  would  hang  sus- 
pended above  the  rock.  When  such  a  condition  exists 
the  tool  is  commonlv  termed  "dead." 

The  continued  blows  of  the  tool  soon  cause  a  lot 
of  debris  to  accummulate,  \vhich,  if  permitted  to  re- 
main, would  impair  the  efficiency  of  drilling.  To  avoid 
this  either  of  two  methods  may  be  employed.  One 
is  bailing  and  the  other  consists  in  washing  away  the 
material  in  what  is  known  as  a  "hydraulic  circulating 
system." 

Preparatory  to  bailing  the  temper  screw  has 
to  be  removed  from  the  drilling  cable,  the  walking 
beam  disconnected  from  the  band  wheel  and  the  tool 
hauled  from  the  well.  Raising  the  tools  is  accom- 
plished by  driving  the  bull  wheel  from  a  rope  passing 
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around  a  gruovcd  pulley  built  up. on  one  side  of  the 
band  wheel.  As  the  tools  approach  the  surface,  one 
man  throws  the  driving  rope  off  the  bull  wheel  and 
another  shuts  down  the  motor.  The  tools  are  pre- 
vented from  going  back  into  the  well  by  applying  a 
hand  brake  to  the  bull  wheel.  The  bailer  is  then 
lowered  into  the  well  by  its  own  weight,  the  cable  un- 
winding from  what  is  known  as  the  "sand  reel," 
shown  in  Fig.  5.  To  prevent  the  bailer  from  acceler- 
ating to  a  dangerous  speed,  the   sand   reel   pulley  is 


FU;.    1  FIG.   2  FIG.   3 

FIG.    I — P.ARTS  COMPOSING  A  STRING  OF  TOOLS   FOR  CABLE  DRILLING 

Rope  socket — 2.5  to  4  feet  long,  100  to  125  lbs. ;  sinker — 
6  to  16  feet  long,  120  to  i  500  lbs. ;  jar-s — about  5.5  feet  long, 
100  to  390  lbs. ;  auger  stem — 16  to  48  feet  long,  300  to  4  700 
lbs. ;  drilling  bit — 4.5  to  6  feet  long,  100  to  3  700  lbs. 

FIG  2 — METHOD  OF   SUSPENDING    STRING  OF  TOOLS    SHOWN    IN 

FIG.    I    FROM   THE  W.\LKING   BEAM 

FIG.    3 — HYDRAULIC    CIRCUL.^TING    DRILLING 

The  circulating  water  permits  the  casing  to  follow  the 
drill  more  easily.     This  is  especially  adapted  to  great  depths. 

pushed  over  into  contact  with  a  post  brake.  When 
the  bailer  reaches  the  bottom  of  the  well  and  is  filled, 
the  reel  is  pulled  over  into  contact'  with  the  face  of 
the  bandwheel,  and  the  friction  between  the  two 
raises  the  bailer  to  the  surface. 

The  bailer  consists  of  a  w-rought  iron  pipe  from 
2.5  to  II  inches  in  diameter  and  from  17  to  30  feet 
in  length.  It  is  fitted  with  a  bail  at  its  upper  end  for 
suspension  from  the  cable,  and  a  flap  valve  at  its 
lower  end,  carrying  a  dart,  which  protrudes  through 


the  lowest  section  of  the  pipe,  so  that  on  striking 
bottom  the  valve  is  forced  up,  permitting  the  inflow 
of  the  mi.xture.  On  raising  the  bailer  the  weight  of 
the  content  closes  the  valve.  Quite  frequently  the 
mixture  is  not  sufficiently  thin  to  flow  into  the  bailer 
readily.  To  get  a  good  load  it  is  necessary  to  raise 
and  drop  the  bailer  through  a  height  of  five  to  ten 
feet,  five  or  six  times  per  minute,  this  action  ser\'ing 
to  stir  up  the  water  and  get  all  the  debris  uniformly 
suspended.  The  bailing  is  continued  until  a  clean 
surface  is  presented  to  the  tool. 

Usually  contracts  for  drilling  are  placed  at  so 
much  per  foot  and  it  is  to  the  advantage  of  the 
operator  to  complete  the  well  as  soon  as  possible.  In 
drilling  he  is  limited  to  a  speed  best  suited  to  the 
tvpe  and  length  of  cable  as  well  as  to  the  nature  of 
the  formation  he 
encounters.  The 
only  way  in  which 
he  can  cut  down 
the  time  taken  in 
completing  the 
well  is  to  increase 
the  speeds  at 
which  he  handles 
his  tools,  and  bail- 
er. The  maximum 
rope  speed  he  may 
select  will  depend 
upon  the  strength 
of  his  derrick,  the 
power  of  his  driv- 
ing unit,  and  his 
ability  to  stop  the 
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FIG.   4 — DI.\CR.\M    SHOWING   THE   APP.'iRATUS    USED   IN 
CABLE  DRILLING 

../_Sand  reel  pulley.     B— Band  Wheel.     C— Bull  Wheel. 
£>— Spudding  clamp.    £ — Headache  post. 

tools  between  the  derrick  floor  and  top.  A  man  is 
not  w-arranted  in  building  a  derrick  to  withstand  speeds 
higher  than  500  feet  per  minute,  for  the  number  of 
times  that  these  strains  comes  upon  the  derrick 
represent  but  a  small  part  of  its  life  and  the  differ- 
ence in  first  cost  would  exceed  in  value  the  time  saved. 
Installing  a  driving  unit  large  enough  to  handle  these 
peaks  would  mean  very  poor  economy  the  greater 
part  of  the  time  when  operating  at  the  slower  speeds. 
Practice  would  indicate  that  rope  speeds  of  275-312 
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feet  ])er  minute  in  hauling  tools  from  the  well  and 
200-400  feet  per  minute  in  raising  the  bailer  arc  good 
averages.  This  means  running  the  band  wheel  at  ap- 
proximately 30-75  r.p.m.,  different  pulley  ratios  of 
the  motor  giving  different  rope  speeds  at  the  well. 

In  the  hydraulic  circulating  system,  drilling  is  ac- 
complished by  alternately  raising  and  dropping  a  string 
of  tools  as  in  standard  cable 
drilling.      Instead    of    bailing, 
however,  water  is  forced  down 
the  inside  of  the  casing,  passed 
under  the  shoe  and  returned  to 
the  surface  carrying    the    dril 
cuttings  to  a  suni]),  where  they 
are    permitted    to    settle    out, 
after  which  the  water  is  again 
circulated. 

In  standard  cable  drilling 
it  is  often  necessary  to  drill 
through    alluvial    deposits    and 


FIG.    5 — PL.\N    AND   ELEVATION    OF    APPARATUS    ERECTEUJ    FOR 
CABLE   DRILLING 

friable  earth.  To  prevent  the  wall  of  the  well  from 
falling  in  onto  the  tools,  a  drive  pipe  is  lowered  with 
them  until  solid  rock  is  reached,  after  which  the  tools 
drill  ahead  of  the  pipe.  This  pipe  is  a  heavy  wrought 
iron  tube  varying  in  diameter  from  three  and  one- 
half  to  twelve  and  three-quarter  inches,  and  is  fitted 
at  its  lower  end  with  a  forged  steel  ring,  machined 
with  an  annular  cutting  edge  to  permit  the  pipe  to 
sink  more  rapidly.  Quite  frequently  the  weight  of 
the  pipe  alone  is  not  sufficient  to  drive  it  down  and  it 
is  necessary  to  use  a  drive  clamp,  actuated  from  the 
auger  stem  in  such  a  way  that  raising  and  dropping 
the  tools  pounds  the  pipe  into  position. 

Soft  spots,  quick-sand  and  water  bearing  strata 
may  be  met  with  as  drilling  progresses,  and  it  then 
becomes  necessary  to  haul  the  tools  from  the  well  and 
lower  a  second  column  of  pipe  within  the  first;  the 
diameter  of  pipe  being  so  selected  that  the  column 
last  placed  will  readily  pass  through  the  preceding 
string.  This  casing  will  be  lowered  until  it  completely 
seals  off  the  well.  As  succeeding  bad  spots  are  met  it 
is  necessary  to  go  through  the  same  operation  until  in 
final  form  the  w'ell  is  made  up  as  is  shown  in  Fig.  6. 
One  point  which  becomes  apparent  is  that  as  succeed- 
ing   strings   of    casings    are    lowered    into    the    well. 


smaller  diameters  of  drilling  tools  must  be  used,  and 
usually  the  difference  in  the  weights  of  the  tools 
more  than  counterbalances  the  increased  weight  due 
to  the  increased  length  of  cable. 

In  the  above  operations,  where  the  bull  wheel  is 
depended  uix)n  to  handle  both  the  tools  and  the  cas- 
ing, every  time  it  is  desired  to  handle  another  column, 
the  drilling  tool  cable  must  be  unwound  from  the 
bull  wheel  and  replaced  by  the  casing  cable.  This 
would  mean  considerable  delay  under  conditions  in 
some  territories  such  as  those  encountered  in  Cali- 
fornia, where  the  formations  are  particularly  loosf 
and  sandy,  and  here  the  bullwheel  has  been  supple- 
mented l)y  what  is  termed  the  "calf  wheel,"  as  shown 
in  I'igs,  5,  7  and  8.  When  both  wheels  are  included 
as  a  i)art  of  the  rig.  the  calf  wheel  is  designed  to  de- 
veloj)  heavy  pulls  at  slow  speed  in  order  to  handle  the 
casing,  while  the  bull  wheel  operates  the  tools  at  a 
somewhat  higher  speed.  Whether  the  tools  and  cas- 
ing are  taken  care  of  by  the  same  or  different  wheels, 
the  cycle  of  operation  is  the  same,  as  follows : — One 
end  of  a  12  to  20  foot  section  of  pipe  22  to  4  inches 
in  diameter  is  raised  from  the  ground  and  hauled  up 
into  the  derrick  luitil  the  lower  end  swings  over  th.^ 
well.  When  pro])erly  centered  it  is  lowered  its  full 
length,  a  collar  fastened  to  its  upper  ^ 

end  and  blocks  arranged  to  hold  it  in  jT^l 

position  until  another  section  can  be 
raised  and  screwed  on.  Succeeding 
sections  are  screwed  on  and  lowered 
until  the  colunni  has  reached  the  de- 
sired depth.  In  lowering  casing, 
trouble  is  sometimes  experienced  in 
that  the  flexibility  of  the  drilling  tool 
permits  it  to  avoid  small  hard  spots. 
This  leaves  a  shoulder  which  prevents 
the  casing  from  sinking  to  the  re- 
quired depth,  and  under  such  circum- 
stances it  is  the  practice  to  raise  the 
whole  length  of  pipe  two  or  three 
feet  and  permit  it  to  sink  back  by  its 
own  weight.  Repeated  raising  and 
settling  w-ears  away  the  obstruction 
and  gives  free  passage.  This  is  known 
as  "jarring  down  the  casing." 

It  is  obvious  then  that  where 
great  depths  are  attained,  a  very 
severe  duty  is  placed  on  the  motor 
in  that,  in  addition  to  the  dead  weight 
of  the  casing,  there  is  considerable 
friction  to  be  overcome.  Reference 
to  Fig.  3  shows  that  in  hydraulic  cir- 
culating drilling,  the  water  is  forced  down  within  die 
casing  and  returned  between  the  casing  and  the  wall  of 
the  well,  permitting  the  casing  to  follow  the  drill.  Here 
there  is  no  necessity  for  jarring  casing,  bailing  or 
sand  pumping,  and  the  omission  of  these  features 
eases  the  power  requirements  considerably.  Such  a 
system  has  a  particular  advantage  where  coarse  gas- 
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FIG.   6 — SECTION 
OF     A     P  I  P  E- 

EXCASED  WELL 
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bearing  strata  or  quick  sand  are  encountered,  in  that 
by  mixing  mud  with  the  water  and  putting  the  water 
under  pressure,  the  mud  can  be  forced  back  into  the 
sand  and  so  cement  off  the  well.  Different  degrees  of 
porosity  of  rock  and  sand  and  varying  gas  pressures 
demand  pumps  having  a  wide  range  of  pressure  and 
volume.  Usually  two  pumps  are  connected  so  that 
they  may  be  operated  separately  or  together,  so  that 
should  one  pump  fail,  another  will  be  available  for  cir- 
culating the  water  sufficiently  to  prevent  the  mud  from 
settling  and  imbedding  the  casing  and  tools. 

Although  cable  drilling  is  very  efficient  in  hard 
igneous  formations,  it  is  not  adapted  to  drilling  in 
shell  formations,  sand  or  mud.  In  this  latter  field  the 
hydraulic  rotary  system  is  best  suited.  In  this  method 
the  tool  rests  on  the  rock  surface,  cutting  is  accom- 
plished by  rotation  and  water  is  forced  down  the 
pipe  to  wash  away  the  drill  cuttings.  The  method  of 
holding  and  rotating  the  drill  is  shown  in  Fig.  9.  Here, 
as  in  the  hydraulic  circulating  system,  the  water  can  be 
impregnated  with  clay  and  operated  under  sufficient 
pressure  to  force  the  clay  back  into  the  sand  and 
porous  rock.  In  this  way  the  hole  can  be  sufficiently 
well  ])lastered  off  to  avoid  the  need  of  casing  until  the 
final  depth  is  reached.  Since  the  tool  is  carried  at  the 
bottom  of  a  column  of  four-inch  pipe,  the  hole  it 
bores  must  be  straight.  There  is  then  no  occasion  for 
jarring  casing,  and  the  pipe  readily  slides  down  the 
clay  plastered  sides  of  the  well.  There  may  be  occa- 
sions, however,  when  the  pumps  are  not  of  sufficient 


FIG.  7 — C.\LF   WHEEL  USED  IN  OIL  WELL  DRILLING   AS   AN 
AUXILIARY  FOR   HOISTING  CASING 

capacity  to  handle  excessive  unexpected  gas  or  water 
pressures  and  are  unable  to  seal  off  the  well.  In 
such  cases  it  may  be  necessary  to  put  in  casing  below 
the  trouble  point.  The  well  completed,  however,  and 
the  last  casing  inserted  to  the  bottom,  the  shorter 
columns  may  be  pulled  out  for  use  on  other  wells.  Such 
work  is  u>ually  not  so  severe  as  jarring  down  casing 


because  in  thi^  \,i-\.  ■iiili.kp'h  lic^iKiit  -i.in-  .wv, 
stops  may  be  required  in  a  short  space  of  time.  The 
very  heavy  duty  incurred  in  all  rotary  drilling  is  in 
the  matter  of  raising  the  whole  column  of  four-inch 
pipe  to  change  drilling  cutters.  In  hard  and  widely 
varying  shallow  formations  this  may  mean  frequent 
changing  of  tools  and  when  operating  at  depths  below 


FIG.  8 — HOISTING  WELL  CASING 

Calf  wheel  and  drum  in  the  background 

two  or  three  hundred  feet  imposes  a  very  heavy  duty 
on  the  motive  power.  By  raising  the  tool  and  stem 
at  slow  speed  this  power  requirement  can  be  kept 
down  to  approximately  three  times  the  drilling  re- 
quirement. 

With  a  change  of  cutting  tool  it  will  probably  be 
found  necessary  to  change  the  cutting  speed,  since  in 
rotary  drilling  there  is  one  most  effective  speed  for 
each  degree  of  hardness. 

With  any  of  the  above  methods,  once  the  "pay 
sand"  (oil  producing  sand)  is  reached  it  only  remains 
to  explode  a  charge  of  nitroglycerine  in  or  below  the 

T.\BLE  I— DRILLING  OPERATIONS 


Cable  Drilling. 


I  Spudding 
i  Drilling 
I  Bailing 


Casinj; 
a — Driving  pipe 

1) — T.irrini;  c.isiiig 


Hydraulic  Circulat- 
ing Drilling 

Spudding 
Drilling 

Casing 
Circulating  Water 


Rotary  Drilling 

Drilling 

Circulating  Water 
Casing 


sand  10  open  up  a  well  into  which  the  oil  may  collect, 
so  permitting  tlie  foreign  material  it  carries  to  settle 
out.  A  piuup  is  lowered  at  the  end  of  tubing  and  the 
oil  convejed  to  the  surface  through  this  tubing. 

POWER  REQUIREMENTS 

Spudding,  drilling  and  bailing  may  require  band 
wheel  speeds  anywhere  from  18  to  7;  r.p.m.,  depend- 
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iiig  on  the  depth  of  the  well.  This  variation  cannot  be 
had  with  an  alternating-current  motor  except  at  a 
sacrifice  of  good  performance  and  complication  of  de- 
sign. ']"wo  t\pes  of  alternating-current  motor  may  be 
used  to  give  this  speed  range;  one  a  two-speed,  vari- 
able speed  motor  in  which  two  pole  combinations  are 
depended  on  to  give  two  different  speeds,  while  the 


FIG.     9 — -ARRANGEMENT     FOR     HOLDING     AND     ROTATING    THE     PIPE 
IN    CIRCULATING    W.\TER    ROTARY    DRILLING 

insertion  of  -a  resistance  in  the  secondary  gives  re- 
ductions up  to  50  percent  from  either  speed ;  or  a 
double  stator  motor,  in  which  the  stators  of  two 
motors  are  placed  side  by  side  around  a  common  rotor, 
and  one  stator  is  rotated  relative  to  the  other  to  ob- 
tain different  speeds.  Either  type  of  motor  is  very 
special  and  expensive,  and  it  has  been  found  a  better 
proposition  to  use  a  two  speed  mechanical  gear  chang- 
ing device  in  conjunction  with  a  variable  speed  motor, 
for  in  this  way  the  required  speed  range  can  be  met 
in  an  efficient  and  less  expensive  manner. 

This  speed  range  can  be  met  by  a  direct-current 
motor  in  an  efficient  manner  without  recourse  to  a 
mechanical  speed  changer,  by  means  of  field  control. 
To  date,  however,  the  application  of  direct-current 
motors  to  drilling  has  been  limited  to  shallow  wells 
where  portable  drilling  traction  rigs  are  used,  power 
being  developed  by  means  of  a  gas  engine  driven 
generator  mounted  on  the  rig. 

While  drilling  requires  a  wide,  yet  close  adjust- 
ment of  speed,  jarring  down  the  casing  gives  rise  to 
the  most  severe  service  encountered  in  drilling  opera- 
tions, and  next  to  this  comes  the  matter  of  hauling 
the  drilling  stem  of  a  rotary  drill  from  great  depths. 
A  better  understanding  of  the  relative  power  require- 
ments in  drilling  operations  and  the  period  of  time 
over  which  they  extend,  may  be  obtained  by  inspection 
of  an  actual  power  chart,  Fig.  10,  obtained  when  drill- 
ing at  a  depth  of  i  215  feet,  using  an  eleven  and  five- 
eighths  bit.  The  motor  windings  were  so  arranged 
that  they  could  be  connected  in  star  for  continuous 
operation,  and  in  delta  for  very  heavy  torques  on  a 
one-half  hour  rating  basis.  The  chart  shows  that 
from  II  to  II  :io  A.  M.  they  were  drilling,- after  which 
an  operation  took  place  which  looked  as  though  it 
might  be  handling  of  casing;  this  was  followed  by 
three  bailing  operations  along  about  1 1 :30,  using  the 
delta  connection,  and  at   1 1  150  drilling  was  resumed. 


.•\t  I  v.  M.  it  appears  that  they  were  working  on  the 
casing  in  an  effort  to  jar  it  down.  A  series  of  such 
cycles  as  are  shown  here  are  typical  of  drilling  opera- 
tions, subject  to  exceptions  such  as  fishing  for  lost 
tools.  It  is  seen  that  on  a  basis  of  average  power  re- 
quirements the  power  taken  in  drilling  is  appro.ximate- 
ly  one-third  that  retiuired  for  bailing,  hauling  the  tools 
from  the  well  and  jarring  down  casing. 

The  power  required  in  drilling  is  more  or  less 
continuous  in  character,  while  that  required  in  other 
operations  is  very  intermittent.  To  meet  these  re- 
quirements with  the  ordinary  type  of  motor  would 
necessitate  selecting  a  unit  of  sufficient  capacity  to 
take  care  of  the  peaks.  It  is  evident  that  a  motor 
chosen  on  this  basis  would  be  rather  inefficient  when 
drilling,  a  serious  matter  where  purchased  power  is 
used,  for  the  drilling  load  represents  the  larger  per- 
centage of  the  total  running  time.  To  avoid  this  con- 
dition, the  special  star-delta  motor  mentioned  above 
and  shown  in  Fig.  1 1  has  been  devised.  Such  a  motor 
will  efficiently  develop  intermittently  three  times  the 
horse-power  that  it  can  carry  continuously.  In  actual 
practice,  efficiencies  of  88  to  90  percent  are  obtained 
on  the  star  connection,  with  a  pull-out  torque  of  twice 
the  full  load  torque.  When  delta-connected,  the  motor 
will  develop  momentarily  several  times  the  star- 
connected  full-load  torque,  due  to  the  increased  voltage 
per  phase  impressed  on  the  windings.  The  change 
from  star  to  delta  is  made  by  means  of  a  double- 
throw  switch  mounted  on  the  motor  frame. 

Where  it  is  desired  to  use  direct  current  the 
motor  can  be  designed  with  series  characteristics  ex- 
cept that  sufficient  shunt  turns  are  added  to  prevent 
the  motor  running  away  on  no  load.  In  such  a  de- 
sign the  limiting  value  of  the  torque  developed  de- 
pends on  the  commutating  ability  of  the  motor,  since 


FIG.    10 — CHART    SHOWING    RELATIVE    POWER    REQUIREMENTS    AND 
LENGTHS  OF  TIME  FOR  EACH  OPERATION  IN  OIL  WELL  DRILLING 

The  Steady  application  of  .smaller  amounts  of  power  rep- 
resents drilling ;  the  larger  peaks  represent  bailing  or  pulling 
casing. 

the  heavy  pulls  come  on  very  intermittently.  By  the 
use  of  commutating  poles,  the  capacity  of  the  motor  is 
augmented  considerably.  The  use  of  a  motor  of 
series  characteristics  is  particularly  adapted  to  drill- 
ing from  the  beam  in  that  as  the  load  comes  on  in 
picking  up  the  tool,  the  motor  slows  down,  and  the  in- 
stant the   load   is   released,    which   occurs   soon   after 
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the  beam  has  moved  up  one-third  its  travel,  the 
motor  speeds  up,  so  that  when  the  tool  is  ready  to 
drop  the  motor  is  letting  out  slack  and  the  tool  falls 
free  and  unrestrained.  It  is  the  free  fall  of  the  tool 
that  gives  rise  to  the  most  effective  blow  in  drilling. 
To  obtain  the  close  adjustment  of  speed  required 
in  anv  system  of  drilling  requires  a  special  control  for 
tilt"  altcnialing-currciU  motor,  while  a  drum  controller. 


FIG.    II — SPECIAL    STAR    DELTA    CONNECTED    MOTOR    DEVELOPED    FOR 
OIL   WELL   DRILLING 

similar  to  that  used  in  operating  machine  tools  may 
he  used  with  the  direct-current  motor. 

Two  types  of  control  have  been  found  very  ef- 
ficient for  use  with  alternating-current  motors,  de- 
pending upon  the  conditions  surrounding  the  applica- 
tion, namely,  the  liquid  rheostat,  and  the  double  drum 
control.  The  liquid  rheostat  is  particularly  adaptable 
to  drilling  in  that  it  provides  an  infinite  number  of 
steps  between  loo  and  50  percent  speed,  has  few 
wearing  parts  and  low  cost  of  up-keep.  A  type  de- 
veloped for  use  in  California  is  shown  in  Fig.  12. 
In  this  type  of  rheostat,  a  drum  is  carried  on  an 
extension  of  the  electrode  shaft  to  close,  open  and 
reverse  the  primary  circuit.  When  larger  currents  are 
required  than  can  be  opened  by  the  drum  contacts, 
the  drum  is  used  to  operate  the  control  circuits  of 
magnet  type  switches.  The  secondary  resistance  is 
adjusted  by  raising  or  lowering  the  electrodes  in  the 
electrolyte.  When  the  electrodes  are  almost  com- 
pletely submerged,  projecting  lugs  engage  spring  con- 
tacts and  short-circuit  the  secondary,  giving  maxi- 
mum speed.  The  rheostat  is  actuated  througii  a 
sheave  wheel  by  a  wire  rope  from  another  shea\e 
wheel  oil  the  headache  post,  at  the  well. 

The  liquid  rheostat  requires  good  water  and  suf- 
ficient attention  to  maintain  the  proper  constituency 
of  the  electrolyte.  Where  neither  can  be  depended 
upon,  a  double  drum  rheostat  is  more  advisable,  the 
main  drum  cutting  out  the  secondary  resistance  in 
large  steps,  the  intermediate  steps  being  regulated  by 
the  auxiliary  drum. 

In  drilling  with  direct-current  motors,  the  speed 
variations  are  obtained  by  field  control.    An  ordinary 


type  of  drum  controller  is  furnished  in  which  the  lust 
three  steps  cut  out  armature  resistance  and  the  re- 
maining 12  points  vary  the  field  resistance.  When 
using  a  motor  having  a  three  to  one  speed  ratio,  tiic 
field  resistance  is  so  arranged  that  in  moving  the  con- 
trol handle  from  the  jrd  to  the  14th  point,  a  100  per- 
cent increase  in  speed  is  obtained,  and  then  by  mov- 
ing from  the  14th  to  the  /5//1  point  a  50  percent  addi- 
tional increase  is  obtained  for  raising  the  tools  from 
the  well.  In  other  words,  there  are  eleven  steps  to 
obtain  a  100  percent  increase  in  speed  for  drilling,  .md 
this  is  ample  for  the  depth  of  well  on  which  the  di- 
rect-current motor  finds  application. 

The  type  of  motor  and  control  developed  for 
cable  drilling  is  admirably  adapted  for  operating  the 
rotary  drill,  raising  the  drill  stem  and  driving  the  cir- 
culating pumps.  Because  of  the  danger  of  losing  the 
tool  and  possibly  the  well,  should  the  circulation  of 
the  water  stop,  two  motors  are  furnished  in  dupli- 
cate ;  one  for  drilling,  handling  the  stem  and  cas- 
ing; the  other,  for  driving  the  two  pumps.  While 
the  pumps  do  not  usually  require  so  large  a  motor  as 
is  needed  in  the  other  operations,  especially  at  depths 
beyond  2  5C0  feet,  it  has  been  found  advisable  to  use 
duplicate  motors,  so  that  only  one  set  of  repair  parts 
need  be  carried.  To  protect  himself  in  case  of  power 
failure,  where  central  station  current  is  purchased,  the 
operator  is  very  apt  to  demand  a  penalty  sufficiently 
large  to  insure  his  tools  and  well.  Failing  in  this  he 
is  warranted  in  maintaining  a  gas  engine  driven  gen- 
erator of  sufiicient  capacity  to  keep  the  pump  motor 
going  at  times  when  the  power  is  off  the  lines. 

In  concluding  the  subject  of  drilling  operations 
and  their  influence  on  the  selection  of  the  electrical 


FIG.    12 — WATER   RHEOSTAT    FOR   OH.    WELL    llKUUM. 

equipment  it  should  be  noted  that  all  drilling  opera- 
tions have  not  been  covered,  but  only  such  as  de- 
temiine  the  most  adaptable  and  efficient  type  of  motor 
and  control.  The  characteristics  and  capacities  so  de- 
termined may  not  be  the  best  for  numerous  special 
operations  that  may  arise,  but  there  is  every  reason 
to  believe  that  equipment  so  selected  will  show  the 
best  average  results  when  the  well  has  been  com- 
pleted. 


Shop  Testing  of  Electrical  Apparatus^XV 


INDUCTION  MOTORS-  (Cont. ) 


THE    SVMBOLIC    METHOD 

Tlil^  circle  (liagrain  method  is  a  very  satisfactory 
method  of  testing  induction  motors  of  less 
than  ten  percent  slip,  particularly  when  they 
are  being  tested  in  quantities.  For  motors  with  large 
slip,  and  for  small  motors  with  high  primary  resist- 
ance, the  ordinary  circle  diagram  is  not  so  satisfactory, 
and  the  Branson  method  or  the  Steinmetz'  symbolic 
method  is  often  used.  For  the  latter  method,  practic- 
ally the  same  data  is  obtained  on  the  test  floor  as  is 
necessary  for  the  construction  of  the  circle  diagram 
and  that  will  be  designated  as  follows : — 

r„  ^-  primary  resistance 
I^=  primary  current,  motor  running  light 
E  =  normal  impressed  voltage 
W^=:  watts  input,  motor  running  light 
[^  =  primary  current,  rotor  locked 
W,,=  primary  watts,  rotor  locked 
cos  i>L  =  power-factor,  rotor  locked. 

TABLE  VII— TEST  DATA  AND  CALCULATED  CONSTANTS 

E=        440.  r,=  0.191 

I„=          27.7  X„=15.8 

r„=            0.1118  X^=  0.496 

W„=      1140.  x„=  0.248 

I^=        756.  x,=  0.248 

W^=  173000.  r„'=  L367 

cos*„=            0.0935  Xo'=  15.55 

cos*,.=            0.520  g=  0.0056 

R„=           1.479  b=  0.0637 

R,.=            0.30:;  Pull-out  slip=^  0.376 

The   motor   performance   may    then   be   obtained 
from  the  test  data  as  given  in  Table  VII  as  follows: 

Total  impedance,  Z  ^    ^ 

Total  resistance,  R  =  Z  cos  0 

1. 

Total  reactance,  X  =  y  z^  —  R2 
Let  x„  =  primary  reactance 

X,  =  secondary  reactance   expressed   in   terms   of  the 

primary 
ri  =  secondary  resistance   expressed   in    terms   of  the 
primary. 
Then  it  is  assumed  that, 


',,   and  ri 


R 


Let    7„  ^  total  primary  current 

ii  "=  secondary  current  reduced  to  terms  of  primary 
P„  =  power  output 
Pi  =  power  input 
T  =  torque  in  Ibs-ft. 
s   =  slip  in  percent. 
6   =  susceptance 
(J    =  conductance. 

The  usual  method  of  obtaining  the  values  of  g 
and  b  is  by  the  formulae, — 

g=  J|andb=^" 

The  following  method,  however,  taking  the  no- 
load  values,  will  be  found  to  give  better  results,  espe- 
cially in  the  case  of  machines  with  high  drop  in  the 
primary : — 


No-load  impedance,  Z'  =  -p 
No-load  resistance,  R'  =  Z'  cos  <P„ 
No-load  reactance,  X'  =  \' (Z'Y  —  (R')* 
I,et  r„'  =  R'  — r„ 
x/  =  X'  -x„ 


X  ' 


Having  obtained  the  above  constants  for  the  mo- 
tor as  indicated  in  Table  VII,  the  complete  perform- 
ance may  be  calculated  by  the  following  formulae: — 


Let  a,  = 


sri 


Then  I 


P.  = 
Pi  = 
T    = 


+   Cj' 

E^a.  (1-s) 

E'    (bi   Cl    +     b;   C;) 

E'a,  X  5250 


(c,^  +  ci)  X  synchr.  r.p.m.  X  746 
^       .       ~  (Pl— lLr„)X7.04 

Starting  Torque  =  ^gynchr.  F:^S: 
P^ 
Pi 

Pj 


E  X  I„ 


Efficiency  = 

Power-factor  = 

Slip  at  pull-out  = '*     

l/Ti"  -r  (x„-f  x,1' 

It  is  obvious  that  these  values  must  be  obtained 
complete  for  each  point  in  the  motor  performance.  It 
is  usual  to  base  the  calculation  on  the  values  of  slip, 
all  other  quantities  then  being  determined  from  the 
foregoing  formulae.  A  complete  calculation  by  this 
method  from  the  test  data  given  is  shown  in  Table 
ATII.  These  calculations  are  for  the  same  motor  to 
which  the  prony-brake  method  and  the  circle  diagram 
have  already  been  applied  in  this  article  and  it  is  inter- 
esting to  compare  the  results  by  all  three  methods  as 
given  in  Table  IX. 

SINGLE-PH.\SE   MOTORS 

Single-phase  induction  motors  differ  from  poly- 
phase motors  in  that,  as  such,  they  have  no  starting 
torque ;  machines  smaller  than  one  horse-power  are 
usually  started  by  means  of  a  split-phase  starting 
winding  of  relatively  high  resistance,  which  is  cut  out 
by  a  centrifugal  device  after  a  certain  speed  is  at- 
tained; while  larger  sizes  are  ordinarily  started  up  as 
repulsion  motors,  the  commutator  being  short-cir- 
cuited by   a  centrifugal   device.     On   account  of  the 
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complicated  distribution  of  tluxes  in  the  single-phase 
motor,  the  circle  diagram  is  not  applicable,  without 
certain  modifications,  which  make  the  results  some- 
what uncertain.  The  symbolic  method  is  equally  ap- 
plicable to  all  types  of  motors,  when  modified  to  in- 
clude the  different  starting  conditions.  For  the  small 
outputs  for  which  single-phase  induction  motors  are 
ordinarily  built,  however,  the  brake  test  is  very 
well  suited  and  on  account  of  its  simplicity  that  me- 
thod   of    testing    is    almost    always    used.      Especial 

TABLE  VIII— PERFORM  A  NCK  BY  SYMBOLIC  METHOD 

IS  O.OiS  Otril  0  0S2  0.W5  0.05S  0.376 

S'   0.000226  11.000181  0  (10102.';  O.II020.'i6  O.00302i  0.1415 

Sr,  000287  00OI21  0.00611  0.00860  0.0105  0.07111 

r'   0.03S5  0  036.i  0.036.'>  0.0365  0  0365  0.036.'i 

S»x,«    O.OOOOU     0.000030     0.000063      0.000125      0.000186      0.0O874 

1 

'r,    -s»x,»    0.0S65H,     0.036530     0  036 .'.63      0.036625      0  03i".686     0.04524 

a,  0.0735  0.1151  0.1673  0.2S4S  0  2«B  1.59 

0.0056  0.0056  0.0056  0.0056 

0.1207  0.1729  02404  0.2916 

0.0O012O  0.000-254  0.000503  0.000;5 

000329  0.00695  0.01376  0.O204 


S 0  0056 

b 0.0S41 

8»x,  I  O.0O0O56 

a, 0.00153 

b .  0.0637  0.0637  0.0637  0.0637  0.0637 

b,  0.06523        0.06699        0.07065        0.07745        0.0841 

r,b,  0.00941        0.01350        0.01935        0.0269  0.0326 

x,b,   0.01615       0.0166         0.0175         0.0192         0.U209 

c,  1  02566       1.03010       1.03685       1.0461  1.0535 

r,b,  0.00730       0.00748       0.00791       0.W86         0.00911 

.lob,    0  02087        0.0300  0.0429  0,0597  0.0724 


0.0056 
1.5956 
0.0351 

0.776 

0.0637 

0.8397 

0.1788 

0.208 

1.8W5 

0.0939 

0.396 


I 


— O.01357    — 0.0'2257  —0.03199  —0.05104  —0.06299  I— 0  2921 

b,' 0.00709       0.0146         0.030  0.0.58  0  084  2.!i5 

b,' 0.00126       0.00443       0.lX>499       0.0060         0  0072         0.706 

b,'  +  b,' 0.01131        0.01903        0.03499        0.06400        0.09156        3.256 

C,'  1.052  1.062  1,075  1.095  1.110  l.«22 

C,'  0.000183      0.000509      0  00123        0  00261        0  00397        0.0855 

C,'-t-c,'  1.052183      1.0625  1.07623        1.09761        1.11397        2.0075 

b,  c,  0.0861  0.1243  0.1795         0.252  0.307  2.21 

b,  C,  —0.000885 —O.00151  — 0.0O247  — O.0O395  —0.006*  —0.246 


b,  c,  —  b,  c. 
a,  (1-S)    .... 

P.  

Elliclency 
I„ 

r 

Power-factor . 

Brake  hp 

R.P.M 


0.085615   0.12279 
0.0774    0.1126 


14250 
90.25 
45.60 
15800 
78.75 
19.1 
493 


Tortile 203 


20500 
91.75 
58  80 
22350 
86.20 
27.50 

489 

296        I 


0.17703 

0.1620 
29200 
91.60 
79.60 
31900 
'.■110 
39.10 

484 

424 


0.24805 
0.-2216 


0.3017 
0.270 


1.965 
0.992 


3V70O 

470O0 

96000 

90.50 

89  50 

106.10 

126.00 

43800 

52,500 

9»75 

94.50 

53  10 

62.90 

128.50 

47,1 

473 

S12 

68S 

698 

2160 

Starting  torque  :-  full-load  torque  =  2.81 
Ma.Kiiiium  torque  -^  full-load  torque  =  3.95 
Starting  amperes -:- fuU-Ioadaniperes  =  2.69 

care  must  be  exercised  that  the  braking  conditions  do 
not  vary  during  the  test,  but  with  suitable  precautions, 
consistent  and  accurate  results  are  possible.  The  tests 
made,  after  tlie  usual  mechanical  inspection,  are  cold 
resistance ;  locked  saturation  and  running  saturation  on 
each  winding  separately;  locked  and  pull-out  torque; 
and  a  brake  test,  increasing  the  load  by  steps  to  one 
and  one-quarter  load.    These  tests  are  run  in  tlie  same 


manner  as  for  a  polyphase  motor,  and  from  tliem  the 
complete  performance  of  the  motor  may  be  obtained. 

BRANSON    METHOD 

Another  method  of  obtaining  the  performance  of 
both  single-phase  and  polyphase  motors  combining 
somewhat  the  advantages  of  the  purely  symbolic  me- 
thods and  the  diagram  methods  was  presented  by  Mr. 
W.  J.  Branson,*  in  June,  1912.  The  advantage  of  the 
method  lies  in  the  fact  that  the  readings  may  be  ob- 
tained quickly  and  accurately,  the  few  empirical  con- 
stants used  in  the  calculations  being  the  result  of  long 
and  careful  investigations.  The  complete  performance 
may  be  determined  readily  by  any  one  familiar  with 
elementary  mathematics,  and  ordinary  drawing  instru- 
ments. This  method  of  calculation  is  more  frequently 
applied  to  the  design  of  motors  but  it  is  equally  valu- 
able in  working  up  the  results  of  test. 

T.\BLE    IX— COMPARISON    OF    MOTOR    PERFORM- 
ANCE BY  CIRCLE  DIAGRAM.  BRAKE  TEST  AND 
SYMBOLIC  METHODS. 


Full  Load  of  \'alues 

Circle 
Diagram 

Brake 
Test 

Symbolic 
Method 

Volts 

440 

440 

440 

Amperes 

101 

102.1 

100 

Percent  power-factor 

93.2 

93 

93.0 

Real  horse-power 

55.5 

55.9 

55.1 

Percent  efficiency 

90.2 

89.5 

!*0.8 

Brake  horse-power 

50 

50 

50.0 

Percent  sHp 

4.6 

5 

4.3 

R.  p.  m. 

477 

475 

479 

Full-load  torque 

550 

552 

548 

Starting  torque-i-F.  T., 

T. 

2.78 

2.9 

2.81 

Maximum  torque-j-F. 

L.  T. 

3.89 

3.5 

3.95 

Starting  amperes  -;-  full-load  amps. 

2.69 

2.56 

2.69 

The  data  to  be  obtained  on  the  test  floor  in 
preparation  for  working  up  the  results  of  a  single- 
phase  induction  motor  by  this  method  are  as  fol- 
lows : — 

E  =  rated  voltage. 

i„  =  no-loa<l  amperes. 

P„  =  no-load  watts. 

i,.  =  locked  amperes  main  winding. 

P,.=  locked  watts  main  winding. 

r,  =  primary  resistance. 

P,  =  friction  ami  windage  los.<!es. 

iu  =  locked  amperes  starting  winding. 

P,j=  locked  walls  starting  winding. 

r,,=  resistance  starting  winding. 

The  characteristics  to  be  determined  from  the 
above  are: — 

X,  =  primary  reactance. 
X,  =  starting  winding  reactance, 
r,'  ^  secondary  resistance  ( locked ">. 
r,  =  secondary  resistance  (running  1. 
in,  =  main  field  magnetizing  amperes. 
P,  =  secondary  copper  loss. 
Pi  =  motor  iron  lo«s. 
Then  P,  =  P,  X  0.53  =  iron  lots  due  to  the  main  field. 
■    Pc  =  r",  X  0.47  =  iron  loss  aue  to  the  cross  field. 
Let     Si   =  amperes  per  inch. 

So  =  secondan.-    amperes   in   terms   of  primary,  per 

inch=  I? 
Kp 

(See  below  for  K^) 

S,  =  volts  per  inch. 


*See  proceedings  of  the  A.  I.  E.  E.  for  July,  loii.  p.  1523. 
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The  diagram  Fig.  6  is  constructed  from  the  test  ^^ 

data  for  the  determination  of  these  values.     Lay  off      the  vakie        '    ,  which  has  already  been  determined, 


r 


LH 


'^^'=  £j5  perpendicular  from  some  convenient  point      the  value  ^^^  can  be  obtained   from  Fig.   7.     Then 
on   OR',   the   horizontal.    Then  from  L   as  a   centre       j  tt 


with  a  radius  0L=      '    cut  Oi?' at  0.    At  0  lay 
■^1 


off 


MH 


X  MH  =  LH.     Lav  off  LH  from  H  to  cut  the 


E 


OE=     perpendicular  to  OR'.     Then  from  the  point 


circle  at  L,  giving  the  locked  point.     Draw  a  circle 
through  V,  L  and  H,  the  centre  C  being  determined 


E  lay  off  ZE : 


S„ 


*  parallel    to    OL    and    draw 


OZ.     Draw  OH  at  right  angles  to  07.  from  0  and 


con- 


Jo 
lay  oft'  on  it  0M=    „    (approximately).     Then 

struct  a  semi-circle  through  the  points  M  and  L  with 
center  on  OH. 

The    above   characteristics    are    then    determined 
from  Fig.  6  as  follows : — 


0.7 

^06 
— OS 
0.4 

5| 

--0J 

02 

0.1 

-^ 

-^ 

^ 

"" 

> 

/ 

y 

X 

/ 

^^ 

/ 

r 

H 

H 

/ 

1 

1 

0           0 

1 

1          02          OJ          04          0.S          06          07          0.8          0.9          10           M          l3            \ 

i       i       ,       1      X      1       i       1       i       1       1       1 

FIG.     7 — THE    CURVE     USED    FOR    THE    DETERMINATION     OF  — -~- 

M  H 

IN    THE    CONSTRUCTION     OF    THE    LOCKED    POINT    BY    BRAX- 

SOn's    METHOD 

by  the  intersection  of  the  bisectors  of  the  chords  J'L 
and  LH.  The  bisector  of  the  arc  VL  then  determines 
the  point  T  of  maximum  torque.  HT  is  then  drawn 
and  extended  to  cut  the  larger  circle  at  A''. 

Draw  a  perpendicular  to  O'H  at  O'  and  lay  O'O 


EXS. 


and    OE 


E 

Se 


From  E  draw  a 


FIG.    6 — PRELIMINARY    DIAGRAM    FOR   THE    DETERMINATION    OF    IN- 
DUCTION   MOTOR   CONSTANTS    BY   BRAXSON's    METHOD 


Xi 


r/  =  XiX 


E  X  OZ 
OH  X  OE  X  S, 
LH 


ML 


,  ^    f       0.8  for  60  cvcles"!    ,  ■      ^  ,    ^ 

•■^  =  '''    ^    \or  0.9  for  25  c'yclesj    (approximately) 

i    X  E 
i„  =  .^p° .V-    X  L03  (approximatoly) 

j  X 

Kr=  1  —  -=p-'  and  K„  =  v/k7 


P.= 


io'  K.r^ 


p.  =  p    ( i  -  r        V£i?_L2  ^  P  ^ 


FIG.   8 — COMPLETE   DIAGRAM    FOR   THE  DETERMIN.\TION  OF  THE  PER- 
FORMANCE   OF    SINGLE-PHASE    INDUCTION    MOTORS 


After  the  above  characteristics  have  been  deter-      line  parallel  to  OL  and  lay  off  EL,  = 
mined  in  this  manner,  a  new  diagram  as  shown  in 


Fig.  8  is  constructed  for  calculation  of  the  motor  per- 


and  E  Z.  :^ 


OL  X  S,  X  Fi,  X  Xi 


OL  X  S^  X  r^ 

Se 

The  diagram 


E  Se  X  Xs 

formance.   To  begin  with,  layoff  0'Hr=^-^      and  jj  ti^g,^  completed  bv  drawing  OZ^  and  OZ,  and  ex- 

^^    '  '  OTXS.Xr, 

0'M=    £    and    0'V=g"    both    on    O'H.      Con-  tending  07  to  Z  making  0Z  = ■ g^ . 

,f„,  <-       „      •    ■    1        VI     «rrr  ,•  ^  The   coiuplete  motor  performance   at   anv   point 

struct  a  semi-circle  with  MH  as  a  diameter.     From  i       u.  •     j  r  t7-      o  •      , 

may  now  be  obtained  from  Fig.  8  in  the  manner  out- 

"^n'laying  off  ZE,  r.  should  be  corrected  to  the  tempera-  ''"'?.'"   "^"^'f  ^^      ^"   ^'^'^"'''"  '°   '^'   ^"'^  °^^^'"*^^ 

ture  at  which  the  locked  saturation  readings  were  taken.  '"  '^"i*  ^^'i}'  the  starting  torque  of  the  motor,  which 
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involves  both  the  main  and  the  starting  windings  is 

determined  from  the  following  formula: — 

LR,  <S,      K  OE=        |x 

Starling  torQue=22.5  -  X I 

Synchronous  R.P.M.    0Z^<07.,\  X. 

X  sin  0,   in  oz — ft. 

Due  to  rapid  change  in  the  coefticicnt  of  friction 
of  the  brake  the  effective  maximum  torque  as  ob- 
tained by  brake  is  about  92  percent  of  the  calculated 
value  and  in  the  same  way,  due  to  the  rapidly  chang- 
ing temperature  during  starting,  the  effective  starting 
torque  is  only  about  92  percent  of  the  calculated  value. 

TEMPERATURE   TESTS 

Temperature  tests  are  made  to  determine  the 
heating  of  the  motor  for  the  condition  under  which 

TABI.KX— CALCULATION  OI*  A  SIXCLE-PHASK  MOTOR 


No. 


8 

9 

10 


OT 
MT 
MN 
NT 
TH 
TR 
OE 
ZE 

r^ 
X. 


Item 

Derivation 

From  Fig.  8 

From  Fig.  8 

From  Pig.  8 

From  Fig.  8 

From  Fig.  8 

From  Fig.  8 

From  Fig.  8 

MN 

NT' 


I  ^^)  -^  ^. 


TII-MN 


X, 


(4)X 
(5) 


X 

(8) 


11      R.  P.  M. 


(9)= 


12 
13 

14 

15 
IG 
17 
IS 
19 
20 
21 
22 
23 

24 

25 
26 


Primary  Amperes 
Secondary  Ainptres 


jmi 

'  \    (5)  X  (9) 

(1)  X  (7)  X  S, 

(2)  X  (7)  X  S, 


V 


(10)- 
(6) 


Sec.  Copper  Loss,  A       ( UVXS,)^^(^g^^i^^-^jri. ^  (")/ 


Sec.  Copper  Loss,  B 

Pf 

P. 

Primary  Copper  Loss 

Secondary  Input 

Total  Input 

Total  Losses 

Output 

Torque 

EflScieucy 
Apparent  W'atts 
Power- l'"actor 


(13)^  X  r. 

Already  determined 

Already  determined 

.\lready  determined 

(12)^  X  r. 

(6)  X  (7)2  X  S,  X  E 

(]8)  +  (19)  +  (20) 

(14)  +  (15)  +  (16)  +  (17)  +  (18+(19) 

(21)-(22) 

'  (23)  X  ii^-.'  (ounce-feet) 


;  (23)  divided  by  (21) 
(12)  >:  E 
(21)  divided  by  (26) 


it  will  operate.  Motors  for  continuous  duty  are  usual- 
ly run  under  full  load  until  constant  temperature  is 
reached,  and  then  at  25  percent  overload  for  two 
hours.  Motors  for  intermittent  operation  are  run  for 
a  length  of  time  based  on  an  estimate  of  the  service 
conditions. 

All  motors  except  those  of  the  very  largest  rat- 
ing are  loaded  by   being  belted   to  a  generator,   the 


*\Vhen  item  (9)  is  very  small  compared   to  item  (10). 
item  (9)  may  be  omitte<l  in  calculating  item  (11). 


load  on  which  can  be  readily  adjusted  over  the  range 
desired.  Meters  suitable  to  read  the  voltage,  current 
and  power  should  be  connected  in  their  proper  places. 
Thermometers*  that  are  to  be  read  during  the  opera- 
tion should  be  placed  on  the  machine,  and  all  precau- 
tions carefully  observed. 

In  starting,  a  low  voltage  is  first  impressed  on 
the  machine  sutihcient  to  determine  its  direction  of 
rotation.  If  incorrect,  one  phase  is  reversed;  if 
correct,  the  motor  should  be  gradually  brought  up  to 
normal  voltage,  watching  carefully  in  the  meantime 
that  both  the  motor  and  the  generator  used  as  load 
are  operating  in  a  satisfactory  manner.  Oil  rings 
should  be  inspected  to  see  that  they  are  turning  prop- 
erly, the  tension  on  the  belt  adjusted  and  the  general 
operation  noted.  The  field  of  the  generator  should 
then  be  closed  and  the  load  be  brought  up  gradually 
to  its  normal  value.  A  reading  of  current  and  speed 
is  now  taken,  the  voltage  and  frequency  being  held 
constant  at  their  normal  values.  These  should  be 
read  every  hour  during  a  continuous  temperature  run 
and  each  half-hour  during  overload  runs.  Tempera- 
tures of  all  stationary  parts  should  be  taken  at  these 
same  intervals.  Readings  of  power  need  only  be 
taken  two  or  three  times  during  the  full-load  test  and 
once  only  on  overloads.  The  full-load  test  must  be 
continued  until  all  temperatures  are  constant  as  indi- 
cated by  the  identity  of  the  temperatures  at  two  suc- 
cessive readings.  This  usually  takes  from  four  to 
seven  hours  depending  on  the  size  and  ventilation  of 
tlie  machine  under  test.  From  time  to  time  during 
the  rim  a  careful  inspection  of  the  wiring  and  of  the 
machines  themselves  should  be  made  to  make  certain 
that  no  abnormal  condition  is  developing. 

The  cause  of  any  undue  noises  should  be  noted, 
and  the  ventilation  tested  to  determine  whether  it  is 
normal  in  all  parts  of  the  machine. 

Before  shutting  down,  preparations  should  be 
made  for  taking  resistances  immediately  after  the  shut 
down ;  the  thermometers  and  waste  or  pads  for  meas- 
uring the  temperature  of  the  rotating  parts  should  be 
on  the  spot.  The  various  operations  should  be  as- 
signed to  individuals  in  such  a  manner  that  each  will 
know  what  is  expected,  avoiding  any  unnecessary 
delay.  In  shutting  down,  whenever,  possible,  the 
power  should  be  cut  off  from  the  motor,  leaving  the 
generator  running  under  load :  the  motor  will  then 
come  to  a  standstill  very  rapidly,  while  otherwise  it 
would  fan  itself  considerably,  lowering  its  tempera- 
tures materially  before  it  could  be  stopped. 

Resistance  should  be  taken  between  terminals, 
noting  carefully  between  which  leads  each  resistance 
is  taken.  If  the  seconilary  is  wound,  resistances 
should  also  be  taken  in  like  manner  between  its  rings. 
The  time  of  the  last  reading  on  the  temperature  sheet 
should  ajipear  with  the  record  of  resistances. 

Readings  of  all  thermometers  should  be  made  as 
soon   as   {wssible   and   every    two   minutes   thereafter 


*See  the  Journ.\l  for  Jan..  "iji.  p.  6;. 
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until  they  start  to  go  down,  tlie  highest  reading  being 
marked  by  a  circle. 

Before  starting  on  the  25  percent  overload  tem- 
perature test,  the  motor  is  heated  up  under  full  load 
until  the  temperature  of  the  stator  copper  and  iron 
become  the  same  as  at  the  end  of  the  full-load  test. 
It  is  then  run  the  required  two  hours  on  the  overload, 
semi-hourly  readings  being  taken.  Temperatures  are 
read  as  on  the  full-load  run,  especial  care  being  taken 
to  get  readings  as  soon  as  possible  after  shut-down. 

In  the  case  of  motors  of  such  large  capacity  that 
they  cannot  be  given  tests  under  normal  load,  com- 
promise tests  are  taken.  The  chief  of  these  is  the 
circulating  current  test.  The  motor  is  driven  from  an 
outside  source  in  the  direction  of  rotation  opposite  to 
normal.  The  voltage  is  raised  to  such  a  value  as  to 
cause  the  specified  current  to  flow.  A  temperature 
test  is  taken  in  the  ordinary  way  under  these  condi- 
tions both  at  normal  and  at  25  percent  overload  cur- 
rent. 

COMMERCIAL  TESTS 

These  tests  are  taken  primarily  to  prove  that  the 
motor  under  test  is  free  from  electrical  or  mechanical 
defects,  and  that  it  will  do  the  work  for  which  it  was 
designed,  in  a  satisfactory  manner.  In  general,  the 
tests  required  are  as  follows : — • 

I — Cold  resistance  of  all  windings. 
2 — In  cases  of  wound  rotors,  a  reading  of  sec- 
ondary voltage   at   normal   primary   voltage, 
the  secondary  circuit  being  open. 
3^ — An  observation  run  of  one-half  hour  at  no- 
load  normal  voltage. 
4 — A  reading  of  speed,  current  and  watts  at  no- 
load  normal  voltage. 
5 — A    reading   of    current    and    watts,    rotor   of 

motor  being  locked. 
6 — Mechanical  inspection. 
7 — Insulation  test. 

The  electrical  test  should  be  checked  to  the 
standard  engineering  test  previously  taken  on  the  par- 
ticular design  in  hand.  The  resistance  may  vary  ten 
percent  from  the  vaiue  then  given,  no-load  and  locked 
amperes  ten  percent,  the  watts  15  percent.  The  sec- 
ondary voltage  on  wound  secondary  motors  should 
check  within  five  percent  of  the  standard  value. 

At  convenient  times  during  the  foregoing  tests 
a  careful  mechanical  inspection  should  be  made.  The 
balance,  end  play  and  lubrication  are  the  chief  fea- 
tures to  be  noted.  The  air-gap  adjustment  should  be 
uniform,  though  a  slightly  larger  gap  at  bottom  than 
at  top  is  not  undesirable.  The  condition  of  these 
features  should  all  be  noted  on  the  test  sheets.     The 


tester  should  note  in  addition  the  size,  alloy  and  num- 
ber of  rings  on  squirrel-cage  secondaries,  also  whether 
soldered  or  not  soldered.  The  type  of  blowers,  if 
any,  whether  the  machine  is  noisy  or  quiet  and  any 
other  features  that  may  be  peculiar  to  the  case  in  hand. 

After  all  tests  are  completed,  though  preferably 
while  the  machine  is  hot,  it  must  be  tested  for  grounds. 
The  insulation  between  the  windings  and  the  frame 
is  subjected  to  a  high  voltage;  this  voltage  is  usually 
I  500  volts  for  motors  under  550  volts  and  5  000  for 
those  up  to  2  200  volts. 

In  the  commutator  type  of  single-phase  induction 
motors,  the  governor  should  be  adjusted  to  throw  out 
between  93  and  97  percent  of  synchronous  speed. 
This  throws  the  brushes  off  the  commutator  and 
short-circuits  the  secondary,  enabling  the  machine  to 
run  as  a  straight  induction  motor.  This  adjustment 
is  usually  made  before  being  assembled  with  the  rest 
of  the  motor  but  must  be  tested  also  after  being  as- 
sembled. The  action  must  be  very  positive.  That  all 
parts  are  thrown  into  their  proper  positions  should  be 
particularly  noted. 

The  running  position  of  the  brushes  is  deter- 
mined by  the  starting  torque  desired.  The  brushes 
are  shifted  from  the  neutral  point  until  the  necessary 
torque  has  been  obtained.  This  position  should  be 
obtained  for  both  directions  of  rotation  and  marked 
clearly  with  a  chisel.  On  these  motors  shifting  the 
brushes  from  one  side  of  neutral  to  the  other  reverses 
the  direction  of  rotation. 

SPECIAL   TESTS 

In  cases  where  a  guarantee  has  been  made  with 
respect  to  some  particular  characteristics,  such  as 
starting  torque,  pull-out,  speed,  etc.,  and  a  standard 
motor  is  to  be  furnished,  such  tests  are  made  in  addi- 
tion to  the  standard  commercial  tests  as  will  establish 
the  fact  that  the  motor  selected  will  meet  the  guaran- 
tees. Where  power-factor  or  efficiency  have  been 
guaranteed,  it  will  be  necessary  to  take  data  sufficient 
for  constructing  the  diagram,  namely,  cold  resistance, 
running  and  locked  saturations.  Guarantee  readings 
of  starting  and  pull-out  torque  in  large  motors  will 
also  be  determined  from  the  diagram.  In  the  smaller 
motors  when  more  convenient  they  may  be  determined 
by  test.  In  cases  of  elevator  motors  or  others  with 
very  intermittent  rating,  the  value  of  torque  and  slip 
should  always  be  verified  by  actual  test.  Tempera- 
ture gfuarantees  may  not  be  checked  if  sufficient  tests 
have  already  been  made  on  machines  of  the  same  de- 
sign to  insure  that  the  limits  given  have  always  been 
met  safely.  That  the  machine  is  safe,  however,  must 
not  be  taken  for  granted  but  the  past  records  must 
be  investigated  in  each  case. 
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A  very  interesting  group  of  papers  in 

The    Use       this  issue  of  the  Journal   deals  with 

of  Reactance  various  features  concerning  the  use  of 

Coils  reactance  coils.   This  series  of  articles 

is  a  timely  one  on  account  of  the  un- 
usual interest  that  is  now  heing  displayed  hy  electrical 
engineers  in  general  over  the  use  of  such  coils  in  mod- 
ern electrical  systems.  It  is  astonishing  to  note  the 
change  in  attitude  of  mind  towards  the  use  of  react- 
ance coils  that  has  overtaken  electrical  engineers  dur- 
ing the  past  few  years.  Time  was,  in  the  earlier  days 
of  our  industry,  when  reactance  in  alternating-current 
circuits  was  avoided  as  a  pestilence.  On  analysis  it 
is  found  that  the  change  in  the  attitude  of  mind  of  the 
electrical  engineers  of  the  present  day  is  simply  one 
of  the  results  of  the  tremendous  growth  that  has  taken 
place  in  our  industry  during  that  period. 

\\'hen  the  alternating-current  generating  units 
v.ere  small,  it  was  the  question  of  voltage  regulation 
that  gave  rise  to  many  of  the  difficulties  in  the  opera- 
tion of  the  alternating-current  systems.  In  the  early 
days,  the  use  of  compensated  alternators  was  general ; 
that  is,  alte-rnators  which  were  equipped  with  a  series 
winding  in  which  circulated  tlie  commutated  series 
current,  or  one  proportional  to  it,  so  as  to  secure 
;■  compounding  effect  with  load.  It  was  noted  that 
the  power-factor  of  the  load  had  a  marked  influ- 
ence upon  the  voltage  of  such  machines,  and  that  the 
increase  in  field  ampere-turns  necessary  with  low 
power- factor  was  much  greater  than  that  necessary 
with  loads  of  high  power-factor.  It  was  noted,  fur- 
ther, that  the  power-factor  of  the  load  had  a  marked 
influence,  not  only  upon  the  compounding  of  these 
small  alternators,  but  also  upon  the  operation  of  their 
commutators.  It  was  reactance  that  gave  rise  to  bad 
power-factor,  and  hence  it  was  only  natural  that  a 
prejudice  should  spring  up  among  electrical  engineers 
against  the  use  of  reactances. 

As  time  went  on.  and  generators  became  larger, 
the  problem  of  securing  proper  voltage  regulation  be- 
came an  easier  one,  for  the  simple  reason  that  a  given 
change  in  load  became  a  smaller  and  smaller  propor- 
tion of  the  capacity  of  the  generating  system,  and  the 
conditions  which  gave  rise  to  serious  \'oltage  fluctua- 
tions with  the  earlier  and  smaller  machines  were 
found  to  have  but  little  effect  upon  the  later  and  larger 
generators.  And  then  the  continued  increase  of  gen- 
erator capacities  at  last  brouglit  us  to  a  point  where 
tlie  use  of  reactances  became  desirable,  rather  than 
detrimental.     It   was  observed  that  the  heavy  short- 


circuit  currents  in  some  of  the  early  large  generators 
were  sufficient  to  cause  distortion  of  their  armature 
windings.  The  remedy  which  was  sometimes  applied 
^vas  to  reduce  the  instantaneous  short-circuit  currents 
in  these  machines  by  placing  reactance  coils  in  series 
with  them.  However,  this  remedy  was  a  more  or  less 
temporary  one,  since  it  was  found  that  by  proper  de- 
sign of  their  electrical  characteristics,  arid  by  the  use 
of  proper  bracing  methods,  generators  could  be  pro- 
duced which  would  be  able  to  take  care  of  themselves 
upon  short-circuit  without  the  use  of  reactance  coils 
in  series.  A  further  analysis,  however,  shows  that 
the  reactance  coil  has  an  important  place  in  the  pro- 
tection of  modern  generating  systems,  but  that  its 
proper  position  is  not  in  series  with  the  generator  leads 
but  in  series  with  the  feeders.  In  this  location  it  pro- 
tects the  remainder  of  the  system  from  the  effects  of  a 
heavy  short-circuit  current  on  any  one  feeder.  Thus, 
this  location  of  reactance  coils  has,  as  its  object,  the 
protection  of  service  rather  than  the  protection  of 
apparatus. 

This  group  of  articles  includes  descriptions  of 
how  modern  reactance  coils  are  produced,  of  the  me- 
chanical stresses  that  occur  upon  coils,  of  the  transient 
conditions  that  take  place  during  the  first  few  cycles 
of  short-circuit,  and  also  of  a  very  interesting  series 
of  tests  which  were  conducted  upon  reactance  coils 
recentlv.  P.  M.  Lincoln 


The  companion  articles  in  this  issue 

The  Artificial  of  the  Journal  by  ^fessrs.  Gilman  and 

Ventilation     Stephenson   call   attention    to   a   very 

of  Generators  important    question :    important    both 

from  the  standpoint  of  design  and 
operation.  The  question  of  proper  air  supply  has 
been  given  a  great  deal  of  attention  by  machine  de- 
signers ;  it  has  been  given  far  too  little  attention  by 
station  designers.  Proper  ventilation  within  the  ma- 
chine, however,  becomes  of  little  value  unless  ventila- 
tion design  outside  of  the  machine  has  been  adequately 
considered.  In  a  station  of  more  than  looocx)  k.v.a. 
capacity,  recently  completed,  the  thoroughness  with 
which  many  details  of  design  and  construction  had 
been  worked  out  was  apparent;  at  the  same  time  no 
special  provision  had  been  made  to  insure  an  adequate 
supply  of  air  for  the  large  generators.  This  failure 
to  consider  machine  ventilation  in  the  station  design 
has  been  more  usual  in  large  water  power  stations 
than  in  steam  stations,  particularly  those  steam  sta- 
tions using  horizontal  turbine  prime  movers.     But  in 
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all  classes  of  large  stations,  more  attention  is  now 
being  given  this  important  feature.  In  a  number  of 
recent  stations  containing  large  vertical-shaft  watcr- 
turbine-driven  generators,  adequately  large  air  ducts 
have  been  provided  leading  from  the  exterior  of  the 
station  to  the  chamber  immediately  below  the  genera- 
tor. In  horizontal  shaft  units,  experience  has  shown 
the  necessity  of  ventilating  the  generator  foundation 
pits  if  there  is  any  opportunity  for  hot  air  discliarged 
from  the  generator  mixing  with  the  generator  cooling 
air.  In  a  recent  Pacific  Coast  installation  using 
12  500  k.v.a.  horizontal  shaft  generators,  enclosed  air 
ducts  have  been  provided  leading  from  outside  the 
station  to  the  interior  of  the  generators,  thus  separat- 
ing entirely  the  cooling  air  from  the  heated  discharged 
air.  These  generators  were  provided  with  the  same 
form  of  enclosed  end  bells  with  air  intake  chambers 
that  have  been  usual  with  horizontal  steam  turbine- 
driven  generators  for  some  years.  It  is  a  welcome 
sign  ihat  the  old  neglect  of  this  important  feature  of 
station  design  is  giving  way  before  a  more  intelligent 
treatment  of  the  question. 

The  desirable  size  of  ventilating  ducts  for  the 
large  generators  now  commonly  used  often  becomes  a 
serious  inconvenience  and  the  ability  to  use  higher  air 
velocities  and  consequently  smaller  ducts,  as  pointed 
out  by  Mr.  Oilman,  if  the  fans  are  located  at  the  duct 
entrance  instead  of  at  the  generator  shaft,  is  an  ad- 
vantage of  the  external  motor-driven  fan  of  consider- 
able importance  to  the  station  designer. 

\\'hile  the  first  essential  of  good  machine  ventila- 
tion is  an  adequate  supply  of  air  of  some  sort,  it  is  a 
further  advantage  if  the  air  that  is  delivered  to  the 
generator  can  be  cool  and  clean.  This  is  more  often 
a  difficult  problem  in  a  steam  station,  and  particularly 
in  a  steam  station  in  a  soft-coal  district,  than  in  an 
hydraulic  station.  The  water-spray  type  of  air  filter 
or  washer  mentioned  by  Mr.  Oilman,  and  described  in 
a  specific  installation  by  Mr.  Stevenson,  aflfords  an  en- 
tirely practical  means  for  cleaning  and  cooling  the  air 
supply  for  even  the  largest  stations.  Cloth  filters  of 
various  forms  have  beai  in  use  in  Europe  for  five 
years  or  more  but,  while  considered  in  a  number  of 
instances  in  this  country  and  actually  tried  in  a  few. 
their  obvious  disadvantages  have  prevented  their 
adoption  by  American  engineers.  The  large  space  re- 
quired and  the  excessive  labor  cost  to  keep  them  even 
reasonably  clean  have  been  the  main  reasons  for  their 
non-adoption,  but  the  air  pressure  required  to  force 
the  air  through  them  and  the  fire  risk  involved  have 
been  contributing  disadvantages.  On  the  other  hand, 
the  water-spray  type  of  washer  requires  practically  no 
labor  for  maintenance,  takes  up  relatively  little  space 
and  offers  a  negligible  air  resistance.  The  supply  of 
clean  and  cool  air  has  such  important  advantages  from 
the  standpoint  of  generator  operation,  and  tliis  method 
of  air  washing  and  cooling  has  so  few  counterbalanc- 
ing disadvantages  that  its  extensive  introduction  in 
large  steam  stations  should  be  rapid. 


Experience  has  shown  that  no  fear  need  be  had 
that  moisture  in  sufficient  quantities  to  be  dangerous 
will  be  introduced  into  the  generator.  In  fact  a 
future  development  of  great  potential  importance  in 
generator  ventilation  may  be  the  delii)erate  introduc- 
tion of  free  water  vapor  into  the  cooling  air  to  secure 
the  great  cooling  effect  incidental  to  its  evaporation. 

F.  D.  Xewburv 


The  use  of  air  conditioning  apparatus 

.  .    ~       ,.  .        in  connection  with  modern  turbo-gen- 
Air  Condition-  . 


ing  Apparatus 
for  Turbo- 
Generators 


erators  is  of  interest  to  both  the  oper- 
ating engineer  and  the  manufacturer; 
to  the  former  because  it  means  clean, 


cool  running  machines  and  to  the  lat- 
ter because  it  means  added  assurance 
that  machines  will  stand  up  to  guarantees  and  "deliver 
the  goods"  with  a  minimum  of  maintenance  and  atten- 
tion. In  industrial  localities  where  the  air  contains  a 
relatively  large  amount  of  solid  material  in  suspension 
turbo-generators  should  be  cleaned  frequently.  Thus, 
at  the  Brunots  Island  power  plant  of  the  Duquesne 
Light  Company,  it  has  been  the  custom  to  clean  the 
generator  every  two  to  four  weeks,  which  means  an 
expense  of  approximately  seventy-five  dollars  per  year 
per  machine.  With  clean  air  entering  the  generators, 
the  frequency  of  cleaning  was  safely  reduced  to  once 
ever}^  ten  or  twelve  weeks  with  a  corresponding  reduc- 
tion in  expense.  As  a  matter  of  regular  inspection, 
however,  the  turlx)-generators  are  opened  up  at  least 
once  a  month  and  a  thorough  examination  made  of 
insulation,  bracing,  clamps,  spacing  blocks,  etc..  but 
the  expense  of  such  inspection  must  be  considered 
apart  from  the  question  of  cleaning. 

The  accumulation  of  dirt  within  air-cooled  elec- 
trical apparatus  is  exceedingly  objectionable,  for  the 
reason  that  the  ventilation  ducts  become  obstructed 
and  the  radiation  surfaces  become  more  or  less  com- 
pletely covered  with  a  deposit  of  poor  thermal  conduc- 
tivity. The  result  is  not  only  a  reduction  in  the  volume 
of  air  passing  through  the  ducts  hut  a  reduction  in  the 
amount  of  heat  conducted  from  the  iron  and  copper 
of  the  machine  to  the  radiating  surface  for  a  given 
heat  gradient.  This  is  particularly  true  of  modern 
high  capacity  turbo-generators  where  the  cooling  of  the 
internal  parts  of  the  machine  is  so  largely  dependent 
upon  a  continuous  and  liberal  supply  of  air.  Not  only 
does  the  accumulation  of  dirt  mean  higher  operating 
temperatures  but  an  impairment  of  insulating  qualities' 
particularly  in  high  voltage  generators.  Finely  dixided 
dust  particles  will  penetrate  the  smallest  crack  and 
crevice  in  the  insulation,  with  the  possilile  formation 
of  brush  discharges  and  consequent  heating  of  the  in- 
sulation and  eventual  break-down.  The  accumulation 
of  dirt  in  the  rotor  will  very  greatly  reduce  the  insula- 
tion resistance  of  the  field  winding  and  possibly  lead 
to  the  formation  of  arcs  during  periods  of  short- 
circuits.  A  thorough  cleaning  of  a  turbo-generator 
rotor  in  service  only  nine  months  has  been  known  to 
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increase  tlie  insulation  resistance  of  the  field  winding 
from  300  CXK1  to  9  000  000  ohms. 

Aside  from  the  standpoint  of  cleanliness,  the  air 
conditioninj;  apparatus  is  distinctly  advantageous  in 
some  localities  where  it  effects  a  considerable  reduc- 
tion in  the  temperature  of  the  air  entering  the  machines 
through  the  process  of  evaporation.  Take  for  example, 
our  own  experience  in  Pittsburgh.  During  the  sum- 
mer months  there  are  ordinarih'  three  load  peaks  on 
the  Duquesne  Light  Company's  system ;  one  about 
8  A.  M.,  one  about  5  P.  M.  and  the  third  at  S  P.  M. 
The  morning  and  evening  peaks  run  about  the  same 
and  somewhat  higher  than  the  evening  peak.  The 
Pittsburgh  Weather  Bureau  reports  show  an  average 
relative  humidity  of  75  percent  at  8  A.  M.  and  62 
percent  at  8  P.  M.  for  the  whole  year,  with  little  vari- 
ation from  month  to  month.  The  average  temperature 
for  June,  July  and  August  runs  about  66  degrees  F. 
at  8  A.  M.  and  76  degrees  F.  at  8  P.  M.,  while  the 
average  maximum  temperature  for  these  three  months 
is  about  92  degrees.  During  the  morning  peak,  air  at 
66  degrees  and  7~,  percent  relative  humidity  entering 
the  air  washer  undergoes  a  reduction  in  temperature 
of  approximately  4.5  degrees.  During  the  afternoon 
peak  air  entering  the  washer  at  90  degrees  and  62  per- 
cent relative  humidity  undergoes  a  reduction  in  tem- 
perature of  approximately  nine  degrees.  According  to 
good  authority,  this  amount  of  reduction  in  tempera- 
ture corresponds  to  an  increase  in  generator  capacity 
of  nine  percent  based  on  a  given  ultimate  internal 
temperature. 

In  localities  where  the  relative  humidity  is  low, 
the  temperature  reduction  will  be  even  more  marked. 
Air  at  90  degrees  and  10  percent  relative  humidity  en- 
tering the  washer  would  theoretically  undergo  a  tem- 
perature reduction  of  31  degrees,  corresponding  to  an 
increase  of  generator  capacity  of  at  least  25  percent. 
These  calculations  are  based  on  the  assumption  that 
the  water  for  the  spray  is  used  over  and  over  again. 
\\'here  a  continuous  supply  of  cold  well  w-ater  is  ob- 
tainable, the  temperature  reduction  will  be  consider- 
abl}'  greater. 

The  air  cooling  possibilities  of  conditioning  appar- 
atus are  of  considerable  importance  in  plants  where 
the  generators  are  forced  to  operate  up  to  rated  ca- 
pacity during  the  summer,  and  it  may  safely  be  stated 
that  under  certain  conditions,  the  installation  of  an 
additional  generating  unit  may  be  postponed  for  two 
or  three  years  by  the  use  of  an  air  washing  outlit. 

The  o])inion  seems  to  be  current  that  the  moisture 
gathered  by  the  air  in  passing  through  the  washer 
assists  in  cooling  the  generator.  This  is  true  to  a  lim- 
ited extent.  It  can  be  shown  that  the  heat  capacity 
per  degree  of  a  saturated  mixture  of  water  vapor 
and  air  at  a  temperature  of  90  degrees  is  only  1.5  per 
cent  greater  than  the  heat  capacitv  per  degree  of  per- 


fectly dry  air.  This  follows  from  the  fact  that  seven 
pounds  of  air  at  this  temperature  can  contain  only 
slightly  over  two-tenths  of  a  pound  of  moisture. 

In  conclusion  it  may  be  stated  that  the  introduc- 
tion of  air  conditioning  apparatus  in  modern  turbo- 
generator stations  is  a  great  step  forward  in  efficient 
ventilation  and  should  be  vigorously  advocated  both 
ty  operators  and  manufacturers.  Scientific  attention 
to  the  quality  as  w'ell  as  the  quantity  of  cooling  air 
will  lead  to  results  that  will  be  very  gratifying. 

T.  L.   H.\RVEY 


The  increasing  tendency  towards  re- 

The  Function  finements  and  perfection  in  the  field 

of  Protective  of    electrical    power    distribution    is 

Relays        constantly    presenting   new   problems, 

and  among  those  of  greatest  general 
interest  today  is  the  problem  of  obtaining  continuity 
of  service.  An  infallible  supply  of  power  is  becoming 
recognized  as  a  matter  of  prime  importance.  In  order 
to  accomplish  this  end,  transmission  and  distribution 
systems  have  become  more  complicated,  provision 
being  made  for  flow  of  power  through  a  multiplicity 
of  paths,  so  that  in  the  event  of  failure  in  any  one  the 
supply  may  be  continued  through  other  channels.  Such 
arrangements  have  necessitated  the  development  of 
protective  devices,  circuit  breakers  and  relays  of  im- 
proved types.  In  the  case  of  circuit  breakers,  the  de- 
velopment has  been  in  the  direction  of  controlling 
large  amounts  of  power.  In  the  relays,  necessity  has 
arisen  for  higher  accuracy  and  reliability. 

Originally  the  function  of  a  protective  relay  was 
simply  to  trip  out  circuit  breakers  when  direct  acting 
trip  coils  could  not  be  used,  and  they  were  considered 
principally  from  the  point  of  view  of  protecting  the  ap- 
paratus operated  through  the  circuit  breaker.  Protec- 
tion of  apparatus  today  is,  however,  of  secondary  im- 
portance to  protection  of  continuity  of  service,  and  in 
consequence  relays  must  insure  a  functioning  of  circuit 
breakers  wdiich  will  cause  defective  feeders  or  sections 
to  be  disconnected  automatically  without  interruption 
of  service.  Thus,  relays  must  not  only  be  more  reli- 
able than  formerly  but  their  time  elements,  under  all 
load  conditions,  must  be  capable  of  being  exactly  pre- 
determined. Moreover,  a  very  close  study  must  be 
made  of  operating  conditions,  particularly  as  to  the 
amounts  of  currents  that  will  flow  in  the  various 
branches,  under  assumed  accidental  conditions  such  as 
caused  by  short-circuits.  With  sufficient  data  of  this 
sort  at  hand,  and  provided  with  relays  having  correct 
and  reliable  time  element  characteristics,  much  can  be 
done  to  insure  furnishing  continuous  ser\ice.  as  is  ad- 
mirably pointed  out  in  the  article  by  Mr.  F.  E.  Ricketts 
in  this  issue  of  the  Journal. 

P.  M.vcGahan 


(5eorge  McstinQbouse 
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THIS  Journal  and  its  many  readers  manifestly 
share  in  the  great  loss  caused  by  the  passing 
away  of  Mr.  George  ^^^estinghouse.  The  ini- 
tial article  in  the  first  issue  of  the  Journal,  in  Febru- 
ary, 1904,  was  a  sketch  of  Mr.  Wcstinghouse,  accom- 
panied by  a  full-page  frontispiece.  In  the  ten  years 
that  ha\e  followed,  the  editorial  pages  of  the  Journal 
have  been  devoted  to  engineering  subjects,  following 
closelv  along  the  lines  of  greatest  effort  by  the  re- 
nowned inventor,  and  have  included  a  number  of  con- 
tributions from  him.  Our  location  in  Pittsburgh,  the 
scene  of  the  majority  of 
Mr.  \\'estinghouse'  en- 
•deavors,  has  enabled  our 
editors  to  maintain  inti- 
mate contact  with  the 
numerous  activities  of 
the  various  companies  in 
which  he  was  interested. 
Mr.  W  e  s  t  i  n  ghouse 
possessed  the  rare  facul- 
ty of  great  inventive 
genius,  combined  with 
the  characteristics  which 
enabled  him  to  build  up 
in  forty-five  years  an  ag- 
gregation of  manufac- 
turing industries  em- 
ploying some  fifty  thou- 
sand persons  and  two 
hundred  million  dollars 
capital.  While  endowed 
by  inheritance  with  in- 
ventive instincts,  his  en- 
trance into  the  business 
world  was  under  com- 
paratively humble  cir- 
•cumstances,  and  his  sub- 
sequent successes  were 
undoubtedly  due  to  his 
own  perseverance  and 
far-seeing  judgment.  Looking  at  his  life  in  retrospect. 
as  we  now  can,  his  foresight  and  persistence  in  the 
various  lines  of  work  to  which  he  gave  special  atten- 
tion mark  him  as  one  of  the  world's  wisest  inventors — 
engineers — manufacturers. 

Mr.  Wcstinghouse'  life  was  characterized  by  an 
imusual  versatility  in  engineering  endeavor,  embracing 
remarkable  and  far-reaching  developments  under  four 
comprehensive  headings,  viz..  Air,  Gas,  Steam  and 
Electricity. 

His  conception  of  the  air  brake  and  his  arrival  in 


Pittsburgh  occurred  in  the  same  year— 1867.  Two 
years  later  the  Wcstinghouse  Air  Brake  Company  was 
formed.  The  early  stories  of  his  disheartening  exper- 
iences in  getting  air  brakes  tried  out  by  the  railroads 
are  well  known.  His  success  with  the  air  brake  in  this 
country  was  followed  by  the  introduction  of  the  same 
system  in  Europe,  which  required  a  considerable  por- 
tion of  his  time  for  a  number  of  years.  At  one  time 
the  whole  air  brake  scheme  seemed  about  to  be  dis- 
credited when  it  came  to  applying  air  brakes  to  fifty 
car  freight  trains,  in  which  case  the  use  of  the  original 

air  brake  was  both  dan- 
gerous and  destructive. 
Elaborate  tests  were 
made  by  a  committee  of 
the  National  Car  Build- 
ers' Association  and  the 
air  brake  failed  to  meet 
the  requirements.  Mr. 
W  e  s  t  i  n  ghouse  imme- 
diately set  to  work  to 
remedy  the  difficulty.  In 
a  few  months  the  quick 
action  triple  valve  was 
invented  and  another  set 
of  tests  was  made,  with 
results  which  were  satis- 
factory to  all  concerned, 
and  the  t  r  e  m  e  n  d  ous 
growth  of  the  Air  Brake 
Company  began.  It  has 
been  characteristic  of 
this  company  that  not- 
withstanding their  con- 
trol of  this  business, 
they  have  been  very  ac- 
tive in  perfecting  the 
air  brake  and  in  keeping 
its  development  abreast 
of  the  times  in  the  rail- 
road world.  To-day  the 
air  brake  i^  recognized  as  one  of  the  most  vital  factors 
in  heavy  high-speed  railroad  work,  and  only  within  the 
last  few  years  tremendous  strides  have  been  made  in 
applying  air  brakes  to  modern  steel  car  equipments. 

Having  done  so  much  work  in  the  application  of 
compressed  air  it  was  but  natural  that  Mr.  Westing- 
house  should  consider  the  use  of  the  same  medium  in 
solving  other  problems,  and  especially  in  the  railroad 
field.  Thus  it  came  about  that  in  1879  he  invented 
the  pneumatic  interlocking  signaling  system  and  in 
1S81  the  Unicn  Swith  &  Signal  Company  was  organ- 
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izt'd.  This  Company  has  had  a  history  somewhat 
similar  to  that  of  the  Air  Brake  Company.  It  has 
been  highly  successful  and  has  kept  well  to  the  fore- 
front in  the  development  of  devices  for  signaling  and 
interlocking  on  railroads.  In  more  recent  years  iJiis 
company  has  adopted  ideas  from  the  electrical  Held  in 
which  Air.  Westinghouse  later  became  interested. 

The  most  recent  development  in  the  use  of  air  is 
the  work  now  being  carried  on  by  the  Westinghouse 
Air  Spring  Company  at  New  Haven,  Conn.,  which 
manufactures  a  device  for  absorbing  vibration  and 
shocks  in  the  operation  of  automobiles.  This  device, 
while  still  very  new,  has  already  been  adopted  with 
success  by  a  number  of  automobile  maiuifacturers. 

The  discovery  of  natural  gas  in  and  around  Pitts- 
burgh also  attracted  the  attention  of  Mr.  Westing- 
house, and  he  even  had  a  well  drilled  on  his  own 
premises  at  "Solitude."  The  gas  pressure,  however, 
was  so  high  as  to  make  the  use  of  gas  in  residences 
not  only  difficult  but  highly  dangerous.  With  his  usual 
versatility,  he  invented  a  pressure  reducing  system  by 
which  the  use  of  gas  was  made  entirely  safe.  This 
scheme  was  of  great  advantage  to  manufacturers  of 
steel  and  glass.  His  interest  in  this  subject  resulted 
in  the  organization  of  what  is  now  known  as  the 
Philadelphia  Company,  of  which  he  was  the  first  presi- 
dent. This  company  is  now  the  public  service  cor- 
poration furnishing  gas,  electric  light  and  power  and 
street  railway  service  to  the  Pittsburgh  district.  Mr. 
Westinghouse  retired  from  this  company  in  1901.  He 
was  the  inventor  of  a  gas  meter  which  had  much  to  do 
with  the  conserving  of  the  gas  resources  of  the  coun- 
try, as  the  early  use  of  gas  was  on  the  flat  rate  plan 
which  was  a  very  wasteful  arrangement.  He  was  the 
inventor  of  a  complete  system  for  transmitting  gas 
from  the  wells  through  pipes  to  the  users,  and  the  sys- 
tem of  gas  pipes  which  brings  gas  from  the  West  \  ir- 
ginia  field  was  originated  by  him. 

In  1880  The  Westinghouse  Machine  Company  was 
organized  and  was  engaged  for  a  number  of  years  in 
the  manufacture  of  steam  and  gas  engines.  It  was 
the  first  company  to  engage  in  the  manufacture  of 
very  large  gas  engines.  In  1897-8  Mr.  Westinghouse 
secured  the  patent  rights  of  Mr.  Charles  A.  Parsons, 
of  England,  on  his  steam  turbine,  and  the  Machine 
Company  then  became  active  in  the  development  and 
manufacture  of  this  prime  mover.  A  great  deal  of 
development  work  was  carried  on  under  Mr.  West- 
inghouse' personal  supervision,  and  various  forms  of 
double  flow,  low  pressure  and  mixed  pressure  types 
of  turbines  have  been  put  on  the  market.  Mr.  West- 
inghouse also  became  interested  in  the  application  of 
steam  turbines  to  marine  work.  The  inherent  high 
speed  of  the  turbine  stood  in  the  way  and,  as  a  meau'^ 
of  overcoming  this  disadvantage,  he,  in  conection  with 
the  late  Admiral  Melville  and  his  ])artner.  John  11. 
Mac.Mpine,   developed  the  reduction  gear  which   h:is 


since  been  applied  not  only  in  marine  work  but  to  cen- 
tral station  service  as  well. 

In  1886  he  organized  what  proved  to  be  his  larg- 
est venture,  the  Westinghouse  Electric  Company,  for 
the  manufacture  of  lamps  and  lighting  apparatus. 
This  business  developed  rapidly,  and  in  1889- 1890  the 
United  States  Electric  Company  and  the  Consolidated 
Electric  Company  were  absorbed.  In  1891  the  com- 
pany was  reorganized  and  given  its  present  name_ 
In  1885  Mr.  Westinghouse  purchased  the  Gaulard  &• 
Gibbs  patents  for  the  alternating-current  distribution- 
of  power.  These  inventions  were  the  basis  of  the 
modern  transformer  and  the  alternating-current  sys- 
tem. In  1887  he  engaged  Mr.  Nikola  Tesla,  the  dis- 
coverer of  the  rotating  magnetic  field  and  the  inventor 
of  the  induction  motor,  and  soon  after  began  the  de- 
velopment of  these  machines  on  a  commercial  scale. 
One  of  the  spectacular  features  of  the  early  history  of 
the  Electric  Company  was  the  obtaining  in  1892  of  the- 
contract  for  the  furnishing  of  the  electrical  equipment 
to  the  World's  Fair  at  Chicago.  Another  epoch-mak- 
ing event  was  the  building  of  the  5000  horse-power, 
25  cycle  alternating-current  turbine  generators  for  the 
Niagara  Falls  Power  Company  in  1893.  At  that  time 
these  were  the  largest  generators  ever  built,  and  they 
were  of  distinctly  novel  design.  Mr.  Westinghouse 
became  the  champion  of  the  alternating-current  system 
and  the  Electric  Company  has  been  pre-eminent  in  this 
field  from  the  start.  He  was  especially  fortunate  in 
securing  the  services  of  men  who  afterwards  became 
prominent  in  the  engineering  field  in  developing  vari- 
ous types  of  electrical  apparatus,  many  of  whom  are 
still  connected  with  the  company  and  have  attained 
national  and  international  reputation  in  the  engineer- 
ing field.  In  1886,  when  the  Electric  Company  was 
organized,  electric  power  was  scarcely  a  factor  in  the 
world's  business ;  today  it  is  recognized  as  one  of  the 
most  valuable  servants  of  mankind. 

In  view  of  his  work  in  the  railway  field  it  was 
inevitable  that  Mr.  Westinghouse  should  become  in- 
terested in  the  application  of  electricity  to  railways, 
and  his  company  has  been  one  of  the  leaders  in  the 
introduction  of  the  various  methods  of  electrical 
operation  of  railways,  and  in  recent  years  has  been 
especially  active  in  steam  railway  electrification  work. 

To  those  who  have  not  followed  closely  the  varied 
activities  of  Mr.  Westinghouse,  an  idea  of  the  great 
extent  of  his  interests  may  be  obtained  from  a  state- 
ment of  the  fact  that  he  was  president  or  a  director 
of  some  thirty  corporations  of  most  of  which  he  was^ 
the  founder. 

( )wing  to  the  revolutionary  and  far-reaching' 
achievements  accomplished  by  Mr.  Westinghouse,  his- 
n;uiie  has  become  known  the  world  over,  and  in  his- 
later  years  many  honors  came  to  him  from  various 
institutions  of  learning  and  from  technical  societies 
both  in  this  coiuitrv  and  abroad. 


Generator,  Reactance  and  Circuit  Breaker  Per- 
formance Under  Short-Circuit  Conditions 

F.  D.  Newbuky— W.  M.  Dann— J.  N.  Mahoney 

FORIiVVOKD—Thc  tests  described  in  the  following  article  xvcre  made  primarily  to  observe  the 
behavior  under  actual  short-circuit  conditions,  of  current-limiting  reactances  designed  for  feeder 
circuits.  It  was  originallv  suggested  that  the  tests  be  carried  out  under  actual  operating  conditions, 
but  the  operating  company  concerned  could  not  isolate  a  suitable  generating  and  feeder  section  of  its 
system  and  the  tests  were  accordingly  made  on  the  manufacturing  company's  test  floor,  using  the 
most  suitable  apparatus  available.  That  the  conditions  ~vcre.  at  least,  as  severe  as  if  under  actual  op- 
eration, zi'ill  be  shown  during  the  course  of  the  article.  When  the  tests  had  been  outlined  and  ar- 
rangements made,  a  number'  of  operating  engineers  were  invited  to  tvilness  them  and  from  tzi'cnty- 
five  to  thirty  engineers  from  many  of  the  important  Eastern  steam  and  hydro-electric  stations  re- 
sponded. After  the  completion  of  the  tests  they  contributed  to  an  interesting  discussion  of  the  results. 
The  character  of  this  discussion,  from  the  standpoint  of  the  generator  and  circuit  breaker,  as  zvell  as  from 
that  of  the  reactance,  together  with  the  keen  interest  shown  by  them,  suggested  the  desirability  of  record- 
ing the  test  results  and  the  discussion,  for  the  benefit  of  a  wider  audience.  This  article  has  been  prepared 
as  such  a  report^-admittedlv  fragmentary  and  incomplete,  but  justified  by  the  original  data  and  pertinent 
discussion  it  contains  and  the  gro'ving  appreciation  of  the  importance  of  the  protection  of  service  from 
interruption  due  to  short-circuits. 


THE  GENERATOR  used  to  produce  the  cur- 
rent in  the  tests  herein  described  was  a  15  000 
k.v.a.  three-phase,  60  cycle,  6600  volt,  360 
r.p.m.  maximum  rated  water-wheel  type  generator. 
As  will  be  shown  from  the  oscillograms  taken  dur- 
ing  the   tests,   the   transient   reactance*    of   the   gen- 


FIG.    I— GENERATOR,  REACTANCES   AND   OIL   SWITCH    ASSEMBLED   ON 
TESTING    FLOOR 

erator  at  15000  k.v.a.,  6600  volts,  is  24  percent,  re- 
sulting in  a  maximum  possible  short-circuit  current 
of  7.5  times  rated  current.  In  order  to  increase  this 
short-circuit  current  the  generator  voltage  was  in- 
creased in  certain  of  the  tests  to  133  percent  of  nor- 
mal, or  8S00  volts.  With  this  voltage  the  transient 
reactance  is  18  percent  and  the  short-circuit  current 
ten  times  rated  current. 

During  the  tests  the  generator  was  driven  by  a  500 
kw  direct-current  motor.  The  relatively  small  size  of 
this  motor  naturally  led  to  the  question  of  its  effect 
on  the  short-circuit  current  due  to  a  possible  reduc- 
tion in  speed  and  voltage.  In  order  to  determine  this 
effect,  if  any,  a  twenty-five  cycle  timing  voltage  wave 
from  an  independent  source  was  recorded  simultane- 
ously with  the  sixty-cycle  short-circuit  current  dur- 
ing the  tests  in  which  the  effect  would  be  a  maximum, 


by  which  any  variation  from  uniform  rotation  of  the 
generator  could  be  measured. 

The  armature  winding  of  the  generator  was  of 
the  familiar  two-coil-per-slot  type,  with  V-shaped 
end  connections,  as  shown  in  Fig.  2.  The  end  con- 
nections were  held  against  attraction  to  the  core  by  a 
steel  retaining  ring  supported  in  turn  by  iron 
brackets.  They  were  held  against  mutual  attraction 
and  repulsion — by  far  the  greatest  stresses — by  two 
rows  of  spacing  blocks  (one  in  each  cylindrical  sur- 
face of  the  end  connections),  as  shown  in  this 
illustration. 

THE    RE.-\CTANCE    COILS 

The  reactance  coil,  to  test  which  these  experi- 
ments were  primarily  made,  was  of  the  type  shown 
in   Fig.  3.*     It  was  designed  to  carry  a  normal  cur- 


*For   the    definition   of   tliis    and  otlier   terms    connected 

with  short-circuit  conditions  used   in  this   article,   see  article 

on  "Generator  Short-Circuit  Waves"  on  pp.   196-200  of  this 
issue. 


FIG.    2 — WATER    WHEEL    GENERATOR    ARMATURE    WINDING    .\ND 
COIL  BRACING 

rent  of  200  amperes  continuously.  The  average 
self-induction  of  the  coiis  used,  as  measured  by  a 
separate  set  of  tests,  amounted  to  0.0032  henries,  or 
1. 21  ohms  at  60  cycles.     This  represents  6.35  percent 


*A  full  description  of  this  type  of  current-limiting  react- 
ance appears  on  pp.  202-204  of  this  issue. 
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reactance  in  a  6600  volt,  three-phase  feeder  with  a 
normal  current  of  200  amperes. 

The  stresses  that  have  a  tendency  to  cause 
[)insical  displacement  when  heavy  short-circuit  cur- 
rents flow  through  reactance  coils,  are  the  internal 
stresses  affecting  the  parts  of  the  coil  itself,  and  the 
external  mutual  stresses  that  appear  between  adja- 
cent coils  or  between  a  coil  and  adjacent  magnetic 
material.  The  mutual  effects  between  coils  during 
these  tests  were  neutralized  by  bolting  wood  braces 
across  the  tops  of  the  coils  in  addition  to  fastening 
the  feet  to  the  floor  of  the  platform. 

Four  reactance  coils  were  provided  for  these 
tests  in  order  that  their  behavior  when  grouped  in  an 
equilateral  formation  as  well  as  in  a  straight  line 
could  easilv   be   observed.     The   relative   location   of 


HG.   3 — TVrE  OF  KtACIANtL  tOlL   USEU  IN    TLsIS 

the  four  coils  is  shown  in  Fig.  5.  This  diagram  also 
shows  the  means  used  to  switch  quickly  from  one 
grouping  to  the  other.  For  either  formation,  the  dis- 
tance between  adjacent  coils,  measured  from  center 
to  center,  was  42  inches,  or  a  minimum  of  12  inches 
from  conductor  to  conductor. 

THE  CIRCUIT  BREAKER 

The  circuit  breaker  used,  shown  in  Fig.  4,  was  a 
3-pole,  electrically  operated,  300  ampere,  35  000  volt, 
oil  switch  of  the  pipe  mounting  type.  It  was  ar- 
ranged with  alternating-current  trip  coils  acting  di- 
rectly on  the  latch  of  the  operating  mechanism.  The 
trip  coils  were  supplied  directly  from  the  sec- 
ondaries of  current  transformers  without  the  use  of 
any  form  of  time  element  relay.  This  compelled  the 
tripping  of  the  breaker  in  the  shortest  practical  time 
after  the  application  of  the  short-circuit,  as  will  be 
noted  from  the  oscillograms.  The  operating  mechan- 
ism was  provided  with  an  accelerating  spring  to  assist 
gravity  in  initially  and   rapidly  moving  the   contacts 


and  with  a  dashpot  to  take  up  the  shock  of  the  mov- 
ing parts  at  the  end  of  the  travel. 

Construction — This  circuit  breaker  has  three 
single-pole  metal  frames  which  are  clamped  to  the 
pipe  supporting  framework  by  U-bolts.  The  frame 
supports  the  porcelain  terminal  bushings  and  contact 
operating  mechanism  for  each  pole.  The  contacts  on 
the  moving  element  consist  of  a  half-elliptical  form 
of  laminated  brush  having  plunger  type  arcing  con- 
tacts mounted  just  beyond  the  outer  ends  of  the 
brush.  The  stationary  contacts  consist  practically  of 
flat  blocks  screwed  on  the  ends  of  the  terminal  rods 
and  have  a  removable  arcing  tip  bolt  engaging  with 
the  plunger  arcing  tip  on  the  moving  contact  element. 
The  tank  which  encloses  the  contacts  is  of  elliptical 
shape,  and  is  of  the  welded  type.  There  is  but  one 
double  lap  welded  seam,  as  the  tank  body  is  made 
from  one  sheet. 
The  bottom  is 
made  in  one  piece, 
flanged  over  the 
side  sheet  and 
welded  thereto. 
The  tank  is  carried 
on  a  substantial 
flange  casting, 
which  is  provided 
with  appropriate 
fastenings  for  con- 
venient attachment 
to  the  supporting 
frame.  The  oil 
level  is  several 
inches  below  the 
top  of  the  tank  in 
order  to  provide  a 
chamber  above  the 
oil     to    take     care 

of  the  disturbance  in  the  oil  under  short-circuit  con- 
ditions and  to  reduce  the  possible  pressures  resulting 
therefrom,  and  vent  fittings  are  provided  in  the 
frame  to  allow  the  escape  of  the  gases  and  retard 
the  rejection  of  oil.  The  shape  of  the  tank,  which 
has  practically  no  flat  sides,  permits  it  to  withstand 
relatively  high  internal  pressures  without  distortion. 

THE    TESTS 

Short-circuit  tests  were  made  under  the  follow- 
ing conditions : — 

a — On  the  generator  alone  at  6  600,  7  700  and  8  800  volts, 
all  three  phases  being  short-circuited  simultaneously. 

b — Three-phase  short-circuits  on  the  generator  and  re- 
actance coils  at  6600  and  8800  volts,  the  reactances 
being  arranged,  first,  in  a  straight  line  and,  second, 
in  an  equilateral  triangle. 

c — Single-phase  short-circuits  on  the  generator  and  re- 
actance coils  at  6O100  and  8800  volts,  using  two 
coils,  duplicating  service  conditions.  Finally,  to  in- 
crease further  the  short-circuit  current,  the  genera- 
tor was  short-circuited  on  one  phase  with  a  single 
reactance  coil  connected  between  phases. 

The    numerical    results,    obtained    by    measure- 
ment of  the  oscillograms,  are  shown  in  Tables  I,  Il-a, 


FIU.  4 — PF.TArLS   OF  OIL   SWITCH    USED 
IX   TESTS 
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Il-b  and  III,  corresponding  to  test  groups  a,  b  and  c 
as  outlined.  Typical  oscillograms  for  these  several 
test  conditions  are  shown  in  Figs.  6  to  10,  inclusive. 
That  the  results  shown  in  the  oscillograms  are  con- 
sistent will  be  evident  from  the  following  relations 
between  the  different  quantities : — 

In  Table  I,  the  short-circuit  current  I„,„x  is 
substantially  the  same  in  the  different  phases  and  dif- 
ferent tests   for  the  same  voltage ;  and  substantially 
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FIG.    5 — DIAGR.\M    OF   COXNECTIOXS    FOR    SHORT-CIRCUIT    TESTS 

[■•roportional  to  the  voltage  as  shown  by  the  values  of 
reactance  calculated  from  voltage  and  current. 

In  Table  Il-a,  the  total  reactance  per  phase  of 
generator  and  coil,  as  calculated  from  the  average 
oscillograph  current  and  voltage  values  is  1.97  ohms. 
This  checks  closely  with  the  sum  of  the  reactance  of 
the  generator,  determined  from  the  oscillograph  read- 
ings in  Table  I,  (0.69  ohms)  and  the  known  react- 
ance of  one  coil  (1.21  ohms)  or  1.90  ohms.  By 
separate   measurement,    the   reactance   of   the    center 

T.\BLE  I--THREE  PH.VS£  (JEXER.*.TnR  SHORT-CIRCUITS  WITHuUT 
RE.\CT.\XCE 
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coil  (with  the  threp  coils  arranged  in  a  straight  line) 
is  1.5  percent  greater  than  that  of  the  end  coils,  but 
this  small  difference  is  masked  by  the  relatively 
greater  error  in  the  individual' oscillogram  measure- 
ments. For  this  reason  the  reactance  of  all  coils  has 
been  considered  the  same  in  the  above  calculation. 
The  reactance  of  a  single  coil,  determined  from  the 
short-circuit  current  and  the  voltage  measured  across 


the  coil  also  checks  with  its  known  reactance.  The 
former  value  is  1.22  ohms  as  compared  with  the 
known  value  of  1.21  ohms.  .\i  the  instant  of  short- 
circuit  the  generator  terminal  voltage  drops  to  a 
value  representing  the  drop  across  the  reactances  in 
lines  .-/  and  B.  The  generator  voltage  after  short- 
circuit  recorded  in  the  last  column  in  Tables  Il-a, 
Il-b   and   III    is,    in    reality,   the   voltage   across   two 


TABLE  II— a— THREE-I'HASK 
IS  A 

SHORT-CIRrni 
STRAIGHT  LINE 

3    WITH    REACIA.NCES 

Generator 
Voltage 
Effective 

Phase 

Ma.x.  Current  Values 

Max.  Voltage  Values 

Osc. 
Ko. 

let 
Alt. 

2nd    1      T 
Alt.    ■■     '= 

Im« 

Read.  Volta    r!..„„.,,„. 
biugle  coll    G*"*™'""^ 

4 
4 
4 

6600 
6100 
66C0 

A 

B 

C 

5400 
3650 
1620 

4000 
1590 
33110 

4M0 

5240 
4'.>20 

4470 

5000 
4670 

SI'O                SIVV) 
3270 

5 
5 
5 

6600 

iieoo 

A 
B 

C 

4000 

11*20 
(1 

SOO 
34110 
4900 

4S'0ll 
.V22U 
4'.iO0 

4700 
4a,50 
4VHI0 

3250 
3270 

6 
fi 
6 

66(0 
.600 
6600 

A 
B 
0 

800 
4300 
2600 

40110 

910 

2400 

4S00 
5210 
5000 

4700 
51HJ 
4550 

3270                   5650 
3270 

; 

8800 
8810 
SSOO 

.V 
B 

C 

4350 

4.50 

0 

2450 
6 100 
7200 

exK) 

6S50 

7200 

6)011 
7200 

40:0                   7150 
4570 

8 
8 
8 

8S00 
8S«0 
St  00 

A 

B 

C 

5S31I 

2900 

260 

.'50 
43'.(l 
61011 

(liSO 
7260 
666U 

6000 
67.50 
6«">3II 

4250                   7^.50 
4250 

9 
9 
9 

8*00 

tsoo 

A 
B 

C 

4870      1740 

11 60     5950 

0     7300 

661 II 
71111 
7300 

1400 
7iOO 
7300 

42.50                   7IW) 
4450 

reactance  coils  in  three-phase  relation.  Therefore, 
the  generator  volts  should  be  1.73  times  the  voltage 
measured  across  a  single  coil.  The  oscillograph  re- 
sults show  very  closely  that  relation. 

In  Table  Il-b,  the  current  \alues  should  be 
slightly  lower  than  the  current  values  in  Table  Il-a 
due  to  the  greater  mutual  induction  in  coils  .  /  and  C 
with  the  triangular  arrangement,  but  the  oscillogram 
measurements  are  not  sufficiently  accurate  to  show 
this  difiference.  By  separate  measurement  the 
mutual  inductance  of  each  coil  is  the  same  as  that  of 

TABLE  II— b— THREE  PHASE    SHORT-CIRCUITS    WITH    RE.VCTA.N'CtS 
IN  AN  EQU1I..A.TEKAL  TRIANGLE 


Ma.x.  I'urrent  Values 


Max.  Vultage  Values 


Osc.  Gen.  V. 


No. 


10 
lu 
10 

11 
11 
11 


Eff. 


Phase 


l5t  Alt. 


2nd 
Alt. 


li  ~^  I«       Jit 


React.  Volts  {Genera 
ciuigle  coll 


ssoo 

A 

4350    ' 

8MI0 

B 

600 

!<S00 

c 

0 

8800 

A 

4000 

8«00 

B 

300 

8800 

U 

0    j 

8.800 

A 

1040 

8800 

B 

4700 

8,- 00 

0 

2350 

2600  69.50  65.50 

6.500  7100  7000 

71011  7100  7l0« 

2950  69.50  6450 

665(1  69-50  6-110 

7100  7100  71W) 

.5.500  6510  6400 

2460  716U  6800 

4250  «200  6200 


4  IOC 
47i0 


4100 

4800 


4300 
43.50 


lor 


the  middle  coil  in  the  straight  line  arrangement.  It 
will  be  seen  that  the  values  are  substantially  the  same 
and  the  average  is  the  same.  As  with  the  results  in 
Table  Il-a  values  of  reactance  calculated  from  the 
oscillogram  results  check  with  the  known  values. 

In  Table  III,  with  a  single-phase  short-circuit 
and  two  reactance  coils,  as  under  actual  operating 
conditions,  the  currents  are  lower  than  with  a  poly- 
phase short-circuit  due  to  the  lower  impressed  volt- 
age per  coil.     This  ratio  is  0.866.     Using  the  average 
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current  values  from  Tables  II  and  III,  the  measured      the   ability   of    tiie   armature    coils    to   withstand    tlic 


ratio  is  0.885.  The  generator  voltage  after  short- 
circuit  is  the  arithmetical  sum  of  the  two  coil  volt- 
ages since  the  currents  are  in  phase,  which  is  borne 
out    bv    the    oscillograms.      The    comhined    reactance 


rU-.    0 OhClLUX.RAM     .?,     TAUI.E     I.     SHOWINT,     TH  KKI-PH  ASK 

SHORT-CIRCUIT 

On  generator  alone  at  133  percent  normal  \o!lage.  Rec- 
ord taken  on  two  separate,  three  element  oscillograplis  show- 
ing generator  voltage  across  phase  A-B.  current  in  phases 
A  and  C  and  a  25  cycle  voltage  wave  from  a  separate  source 
for  timing  purposes.  Current  in  phase  B  shown  as  zero 
was  incorrectly  recorded  due  to  some  failure  in  connections 
of  instrument  transformer.  Note  voltage  across  circuit 
breaker  terminals  during  opening  period.  See  also  Fig.  3, 
p.  197  for  record  of  short-circuit  on  same  generator  at  nor- 
mal voltage. 

calculated    from   the   average   currents   and    the   gen- 
erated voltage  under  the  two  single-phase  conditions 
check  very  well   with   the  known   reactances  of  gen 
erator  and  coils.     \\  hile  the  reactances  of  both  .gen- 
erator   and    coils    vary    with    polyphase    and    single- 

TABLE  III    SINGLE-PHASE  SHORT-CIRcriTS  WITH  RRACTA.NCE 


Otc. 
No. 

Genera- 
tor 
Vol  lace 
Effective 

No. 
Colls 

Phase 

Max.  CuiTeiit  Vivlue.s 

Mh.x,  Volt. 

val  e.s 

l6t 

Alt. 

2nd 
Alt. 

I.  +  I, 

Im». 

Re»'t.Volis 
Single  Coil 

Genem-! 
tor    . 

IS 
13 

fi6'0 

0 
•> 

B 

mio 

3iU0 

1220 
1310 

4270     4000 
4.510  ;  4300 

2.150 
25.50 

4900 

H 
14 

CGOO 
WKX) 

2 
■2 

A 
B 

4200 
4350 

200 
360 

44rO     43.50 
4710     46.50 

2820 
28.50 

.57CO 

15 
15 

fifiOO 
1.6^0 

2 

2 

A 

H 

3 'CO 
341X1 

12W 
lltiO 

4400     12nO 
4.5UO     4400 

2-=00 
2600 

.51.50 

18 
16 

(WOO 
l«00 

2 

B 

4700 
4700 

1400 
l.iOO 

0100     .5900 
6.00     6000 

:i.50O 
3600 

7130 

I 

17 

17 

K800 
85UO 

2 

A 
B 

.'>7.50 
5.SC0 

.520 
510 

6270     i;2(X) 
6310     6250 

3' Oil 
3.-00 

7700 

IS 
18 

am 

8800 

2 
•J 

B 

l.WO 

jruo 

43.V)     .WO     .57110 
4800     6100     .1.00 

3S0(1 
3.50J 

7100 

19 
19 

8800 
8800 

1 
1 

A 
B 

7rt0 
030 

8300     9080     9000 
8200     8830     8800 

5400 

54(0 

phase  short-circuits,  the  difference  is  not  large  enough 
lo  be  shown  by  the  oscillogram  measurements. 

GENERATOR   KKSLI.TS 

The   most   important   question   regarding   the   be- 
l,a\ior  of  generators  under  short-circuit  condilions  is 


mechanical  strains  set  uji  in  them  by  the  short-cir- 
cuit current.  That  the  winding  structure  in  the  gen- 
erator under  test  is  adetjuately  strong,  even  with  the 
increased  stresses  due  to  133  percent  of  rated  volt- 
age, was  conclusively  shown  by  the  absence  even  of 
an  observable  tremor  during  the  most  severe  short- 
circuits  and  of  any  distortion  after  the  thirty  or  more 
short-circuits  rc(|uircd  by  the  e.xperiments  had  been 
made. 

In  considering  the  ability  of  generator  windings 
to  withstand  short-circuit  strains,  two  factors  of 
equal  im|(ortance  must  be  kept  in  mind ;  first,  the 
relative  value  of  the  short-circuit  current  producing 
the  stresses  on  the  winding ;  and,  second,  the  strength 
of  the  winding  structure  opposed  to  these  stresses 
It  is  obvii.us  that  these  two  factors  must,  at  least,  be 
properlv  proportioned,  one  to  the  other,  if  the  gen- 
erator can   safelv    withstand   short-circuits.     That   is. 


FI<;.  7 — 0.'CILL0(.RA.\I  9,  TABLE  ll-A.  SHOWING  THREE-PHASE 
SHORT-CIRCUIT  ON  GENERATOR  AND  RE.\CTAXCE  AT  133 
I'ERCENT    NORMAL   CE.NERATOR    V0LT.\CE 

Reactances  arranged  in  a  straight  line.  Generator  volt- 
age measured  between  generator  and  reactance  coils.  Gen- 
erator voltage  after  short-circuit  equals  reactive  voltage  across 
coils. 

the  larger  the  short-circuit  current,  the  stronger  the 
winding  structure  must  be;  and  in  turbo-generators 
suHicicntly  high  reactance  to  obtain  the  lowest  prac- 
licablc  short-circuit  current  is,  in  general,  necessary 
to  make  th.e  generator  safe,  even  with  the  best  forms 
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of  coil  bracing  available,  ll  docs  not  necessarily 
follow  that  because  a  generator  has  a  certain  form 
of  winding  structure,  or  because  it  has  a  certain  rela- 
tive valine  of  short-circuit  current  it  will  safely  with- 
stand the  effects  of  short-circuit.  Thus,  in  the 
water-wheel  generator  tested,  a  comparatively  simple 
form  of  coil  bracing  is  sufticient,  due  to  the  inherent 
rigidity  of  the  short  coil-ends  and  to  the  relatively 
small  short-circuit  currents  involved.  But  in  the 
largest  two  and  four-pole  turbo-generators  with  the 
much  stronger  coil  bracing,*  the  factor  of  safety  is 
actually  smaller  than  in  the  water-wheel  generator, 
due  to  the  inherent  weakness  of  the  long  coil-ends 
associated  with  two  and  four  pole  windings,  and  to 
the  higher  values  of  short-circuit  current  inherent  in 
this  ty[)e  of  generator.  The  modern  type  of  turbo- 
generator  coil    bracing   has   been    found   adequate   to 

withstand  the 
stresses  of 
s  h  o  r  t-circuits 
at  the  generator 
terminals  at 
rated  voltage  in 
the  largest  two 
and  four  pole 
t  u  r  b  o-genera- 
tors  so  far  con- 
s  t  r  u  c  t  e  d,  in 
which  the  maxi- 
mum short-cir- 
c  u  i  t  currents 
h  a  \-  e  ranged 
from  15  to  25 
times  rated  cur- 
rent. 

It  should  also 
l)e  b  o  r  n  e  in 
m  i  n  d   that   the 

FIG.  8-0SCILL0.K...M  /..,  T..SBL,.:  ii-D.  SHOW-  ^^resscs  between 
iNG     THRKE-PH.'kSE     SHORT-CIRCUIT     ON   coils   are   diffcr- 

GENERATOR    .A..XD    RE.\CT.\NCE    AT    I33    PER-  .  --y^  .^._ 

CENT  NORMAL  GENER.\TOR   VOLTAGE  '      _• 

Same  conditions  as  Fig.  7,  except  react-    phase    and    with 
ances  arranged  as  an  equilateral  triangle,    gmo'le  -  phase 

short-circuits,  between  different  coils  in  the  winding, 
and  with  different  initial  instantaneous  voltage  values. 
The  maximum  stresses  under  any  conditions  occur 
in  the  case  of  a  single-phase  short-circuit  and  in 
adjacent  coils  of  different  phases,  and  when  the 
short  -  circuit  occurs  at  that  point  in  the  volt- 
age wave  resulting  in  the  maximum  possible 
current.  The  stresses  are  less  in  a  polyphase  short- 
circuit  due  to  the  fact  that  when  the  current  is  a 
maximum  in  one  phase  it  is  less  than  this  maximvmi 
in  the  other  phases. 

The  question  of  the  ability  of  generator  wind- 
ings to  withstand  fhe  more  severe  stresses  sometimes 
involved   in    faulty   .synchronizing  was   raised   during 


the  discussion  of  these  test  results.  Contrary  to  a 
somewhat  general  impression,  these  stresses  are  not 
always  more  severe  than  the  short-circuit  stresses. 
The  resultant  voltage  causing  current  to  circulate 
between  the  loaded  generators  and  the  incoming  gen- 
erator depends  on  the  angle  of  phase  difference  be- 
tween their  voltages ;  and  the  current  this  resultant 
voltage  sets  up  depends,  in  turn,  on  the  combined 
reactance  of  the  generators  involved.  With  a  single 
loaded  generator  on  the  busses  and  a  duplicate  in- 
coming generator,  the  transient  current  due  to  wrong 
synchronizing  can  only  equal  the  short-circuit  cur- 
rent when  the  incoming  generator  is  180  degrees  out 
of  phase — it  can  never  exceed  the  short-circuit  cur- 
rent (assuming  the  reasonable  condition  that  the 
voltages  are  the  same  in  amount).  WHiile  under  this 
condition,    the    resultant    voltage    is    double    the   gen- 


r^,     ir 


V 


i  P 


'i^As-n^    (\ 


♦See  Figs.  3  and  4,  p.  203,  for  illustration  of  this  type  of 
bracing. 


FIG.  g — OSCILLOGRAM  IJ,  TABLE  III,  SHO\VI-\G  SlNGLE-PHASfc 
SHORT-CIRCUIT  ON  GENERATOR  AND  RE.\CTANCE  AT  133  PERCENT 
NORM.\L  GENERATOR  VOLTAGE 

With  two  reactances  in  the  short-circuited  phases, 
erator  voltage,  and  the  reactance  in  the  complete  circuit 
is  also  double  the  reactance  of  one  generator.  With 
more  than  one  loaded  generator  connected  to  the 
bus-bars,  the  combined  reactance  will  be  less  than 
double  that  of  a  single  generator  and  the  transient 
current  due  to  faulty  synchronizing  may  be  greater 
than  the  short-circuit  current.  But  even  with  infinite 
generator  capacity  connected  to  the  bus-bars  the  in- 
coming generator  would  have  to  be  60  degrees  out 
of  phase  before  the  resulting  current  in  the  incoming 
generator  would  equal  its  short-circuit  current. 
With  a  variation  from  2  to  10  loaded  generators, 
this  angle  varies  from  97  to  57  degrees,  respectively. 
It  is  evident  that  with  any  ordinary  errors  by  opera- 
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tors  in  synchronizing,  the  resulting  current  and 
stress  will  be  less  than,  ratiier  than  greater  than,  the 
current  and  stress  due  to  short-circuit.  However,  it 
sometimes  happens,  due  to  wrong  connections,  or 
other  extraordinary  conditions,  that  generators  are 
connected  to  the  bus-bars  directly  out  of  phase,  when 
stresses  more  severe  than  those  of  short-  circuit  will 
result.  The  ratio  between  the  current  in  the  incom- 
ing generator  due  to  synchronizing  i8o  degrees  out 
of  phase  and  to  short-circuit  at  rated  voltage  and  the 
resulting  ratio  of  stresses  varies  with  the  number  of 
loaded  generators,  as  indicated  in  Table  IV.  This 
comparison  is  based  on  similar  generator  connections 
in  the  case  of  short-circuit  and  in  the  case  of  wrong 
synchronizing;  that  is,  a  three-phase  short-circuit  is 
compared  with  three-phases  simultaneously  con- 
nected i8o  degrees  out  of  phase  with  the  bus-bars,  or 
a  single-phase  short-circuit  is  compared  with  a  single- 
phase  wrongly  connected  to  the  bus-bars.  However, 
in  oi)eration,  single-phase  short-circuits  are  the  rule 
and  three-phase  connections  to  the  bus-bars  are  the 
rule ;  and  this  fact  makes  the  comparison  somewhat 
more  favorable  to  the  condition  of  wrong  synchroniz- 
ing than  shown  by  Table  I\'. 

TABLE  IV.— RATIO  OF  CURRENTS  AND  STRESSES   IN 

GENERATORS  SHORT-CIRCUITED  AND  INCORRECTLY 

SYNCHRONIZED. 


No.  of  Loaded 

Ratio  of  Max. 

Ratio  of  Max. 

Generators 

Current  \'alues 

Stresses 

1 

1.00 

1.00 

O 

1.33 

1.78 

3 

1.50 

2.25 

4 

1.60 

2.56 

5 

1.67 

2.80 

10 

1.82 

3.30 

As  the  number  of  loaded  generators  be- 
comes larger,  the  transient  current  in  each  loaded 
generator  becomes  proportionately  smaller,  so  that 
the  bus  voltage  is  held  more  nearly  to  its  initial 
\alue,  and  the  decrease  that  does  occur  is  less  rapid 
than  in  the  case  of  short-circuit.  The  only  effect  of 
this,  however,  aside  from  the  above  increase  in  maxi- 
mum current,  is  to  maintain  successive  peaks  of 
current  nearer  the  initial  peak  value,  but  this  is  of 
little  importance,  practically,  as  any  serious  distortion 
is  done  by  the  first  maximum  half  wave  of  current. 

It  will  be  seen,  therefore,  that  the  ability  of  a 
generator  to  withstand  safely  the  stresses  set  up  by 
wrong  synchronizing  depends  largely  on  the  number 
and  transient  reactance  of  the  generators  with  which 
it  must  operate  in  parallel,  and  the  likelihood  of  con- 
necting the  generator  to  the  bus-bars  directly  out  of 
phase.  \\'hile  many  generators  under  their  condi- 
tions of  operation  will,  undoubtedly,  withstand  such 
stresses  without  injur)-,  it  is  equally  certain  that 
some  will  not.  But  the  importance  of  this  question 
from  the  standpoint  of  generator  design,  is  minimized 
by  the  fact  that  the  generators  can  be  easily  protected 
against  stresses  due  to  wrong  synchronizing  without 


any  counterbalancing  sacrifice  in  continuit}-  of  service. 
This  may  be  done  by  connecting  each  generator  to  the 
bus-bars  through  a  suitable  reactance,  the  reactance 
being  immediately  thereafter  short-circuited.  This  re- 
actance may  be  small,  since  it  will  be  in  circuit  for  a 
few  seconds  only.  This  arrangement  is  simply  an  ap- 
plication of  the  familiar  reactance-type  circuit  breaker. 
There  are  two  conditions  usually  existing  in  a 
factory  short-circuit  test  that  differ  widely  from  the 
conditions  of  actual  operation,  the  effect  of  which  on 
the  value  of  the  short-circuit  current  may  be  reason- 
ably questioned.  These  are  the  use  of  a  relatively 
small  driving  motor  for  the  generator  under  test,  and 
short-circuit  without  load  on  the  generator,  necessi- 
tating relatively  low  values  of  field  current. 

It  is  a  matter  of  ordinary'  observation  that  in 
making  short-circuit  tests  the  driving  belt  does  not 
indicate  any  sudden  increase  in  torque  at  the  instant 
of  short-circuit.  If  such  an  increase  occurred,  it 
would  result  in  a  sudden  reduction  in  speed  and 
slippage  of  the  belt,  the  effect  of  which  would  be 
obvious  and  possibly  spectacular.  The  result  of  this 
general  observation  is  confirmed  by  the  oscillograph 
record  in  Fig.  6.  If  the  twenty -five  cycle  timing 
wave  is  used  to  lay  off  a  horizontal  time  scale  on  the 
oscillogram,  it  is  found  that  the  time  between  peaks 
of  the  short-circuit  current  wave  is  constant  at  0.017 
seconds,  as  nearly  as  it  can  be  measured,  throughout 
the  nine  cycles  representing  the  time  between  the  in- 
stant of  short-circuit  and  the  complete  opening  of 
the  circuit  by  the  circuit  breaker.  This  means  that 
even  with  full  power  back  of  the  generator  the  speed 
and  voltage  could  not  have  been  maintained  any  bet- 
ter and  the  short-circuit  current  wave  would  not  have 
been  any  different.  This  result  is  entirely  reasonable 
in  the  light  of  the  amount  of  power  involved  in  the 
short-circuit.  From  the  standpoint  of  speed  changes, 
the  average  torque  is  of  importance,  and  from  the 
shape  of  the  current  wave  it  is  evident  that  this  is 
small  even  with  very  large  maximum  instantaneous 
values.  From  the  standpoint  of  possible  damage  to 
the  machine  structure,  the  instantaneous  values  of 
torque  are  the  important  values.  Short-circuits  have 
occurred  in  regular  operation  in  which  shafts  have 
been  bent  or  spiders  cracked  or — as  happened  with  a 
\ertical  water-wheel  driven  generator — the  entire 
stator  shifted  on  the  foundation.  Such  evidences  of 
extremely  large  instanteous  torques  between  stator 
and  rotor  have  only  been  found  when  the  reactance  is 
extremely  low  and  the  short-circuit  current  corres- 
pondingly high.* 

A  little  consideration  will  show  that  the  low 
field  current  necessitated  by  the  conditions  of  a  shop 
test  can  have  little  effect  on  the  value  of  the  short- 
circuit  current.     The  latter  is  determined  by  the  flux 


♦These  conclusions  in  regard  to  the  absence  of  speed 
change  during  short-circuit  are  confirmed  by  the  tests  made 
by  Schuchardt  and  Schweitzer  published  in  Vol.  XXX  of  the 
Transactions  of  the  American  Institute  of   Electrical   En^i- 
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and  resulting  voltage.  AVhile  field  currents  are 
necessarily  larger  when  the  generator  is  carrying 
load,  the  increase  is  balanced  by  the  demagnetizing 
effect  of  the  armature  current,  and  the  net  flux  and 
generated  voltage  is  practically  the  same  as  with  no 
load. 

CIRCUIT    BREAKER    RESULTS 

The  breaking  capacity  rating  of  the  circuit 
breaker  under  test  is  25  000  k.v.a.  at  its  normal  volt- 
age of  35  OCX)  volts.  On  the  basis  of  rating  as  used 
by  the  manufacturer*  this  means  that  the  circuit 
breaker  is  capable  of  rupturing  kilovolt-amperes  etiual 
to  one-half  the  maximum  initial  short-circuit  current 
of  25  000  k.v.a.  of  35  000  volt  apparatus.  On  this 
basis  of  rating  the  breaking  capacity  rating  is  in- 
creased one  percent  for  every  one  percent  decrease 
in  the  \oltage  across  the  circuit  breaker  below  its 
normal  rating.  These  figures  would  indicate  that 
at  8  800  volts  the  circuit  breaker  should  rupture  a 
short-circuit    of    approximately    i8cxx)    amperes    per 

phase,    three- 
phase. 

This  basis  of 
rating  assumes 
that  no  tran- 
sient conditions 
exist  other  than 
the  dynamic 
flow  of  current 
into  the  short- 
circuit,  and  that 
a  n  y  disturb- 
ances caused  by 
the  short-circuit 
condition  w  i  1  1 
be  absorbed  by 
the  operating 
system  or  load. 
This  is  the  nor- 
m  a  1  condition 
of  operating 
practice  wherein  one  or  more  generators  supply  nu- 
merous feeders  in  an  ordinary  distribution.  Under 
the  conditions  of  this  particular  test  it  will  be  noted 
that  the  entire  capacity  was  concentrated  through  one 
circuit  breaker  and  one  circuit  to  the  point  of  short- 
circuit.  Under  these  conditions,  the  circuit  breaker  is 
compelled  to  absorb  the  stored  magnetic  energy  of  the 
circuit  in  addition  to  rupturing  the  short-circuit 
current.  In  the  usual  system  the  generator  cir- 
cuit breakers  are  usually  non-automatic  and  the 
feeder  circuit  breakers  are  automatic.  The  feeder  is 
usually  one  of  many  and  when  the  circuit  breaker 
opens,  it  clears  the  short-circuit  current  flow  without 
the  necessity  of  absorbing  the  magnetic  energ\'  of  the 
circuit,  because  this  is  dissipated  in  the  load  on  the 
parallel     feeders.     Also    the    trip    devices    used    in 


FIG.  10 — OSCILLOGRAM  /p,  TABLE  III,  SHOW- 
ING SINGLE-PHASE  SHORT-CIRCUIT  ON 
GENERATOR  AND  REACTANCE  AT  I33  PER- 
CENT   NORMAL    GENERATOR    VOLTAGE 

With   one    reactance    in   short-circuited 
phase. 


*See  article  on  "Breaking  Capacity  Rating  of  Oil  Circuit 
Breakers"  in  the  Journal  for  Nov.,  loi.v 


ordinary  i)ractice  usually  have  a  time  element  feature 
which  retards  the  opening  of  the  circuit  breaker  until 
the  short-circuit  current  has  been  reduced.  This  is 
essential  in  practice  in  order  to  prevent  the  feeder 
circuit  breakers  from  tripping  on  overloads  on  the 
system  that  should  be  taken  care  of  by  other  break- 
ers near  the  point  of  trouble. 

Reference  to  Fig.  6  will  show  that  the  cur- 
rent values  were  nearly  equal  to  18000  amperes. 
Fig.  6  shows  that  the  contacts  parted  and  caused 
an  arc  voltage  to  appear  on  the  oscillogram  at 
approximately  the  fifth  cycle  or  one-twelfth  of  a 
second  after  the  lines  were  short-circuited.  The 
arc  persisted  in  the  oil  for  approximately  five  cy- 
cles, and  transient  voltages  which  were  evident 
during  this  arcing  period,  greatly  exceeded  the 
generator  voltage,  and  in  fact  were  at  such  frequency 
and  amplitude  as  to  be  partly  unrecordable  on  the 
oscillogram.  These  effects  are  wholly  attributable  to 
the  stored  magnetic  energy  in  the  circuit,  producing 
oscillatory  voltages  which  repeatedly  broke  down  the 
oil  insulation  between  contacts  until  dissipated. 

It  will  be  noted  that  the  amplitude  of  the  arc 
voltage  wave  increased  with  each  succeeding  cycle 
and  reduced  the  current  proportionately  in  the  suc- 
cessive cycle  until  this  part  of  the  work  imposed  on 
the  circuit  breaker  was  reduced  to  a  controllable 
amount.  This  factor  very  greatly  increases  the  work 
done  by  the  circuit  breaker,  inasmuch  as  the  per- 
sistent arcing  during  this  period  causes  the  genera- 
tion of  a  considerable  gas  pressure  which  would 
wreck  any  apparatus  that  did  not  contemplate  this 
eft'ect  in  the  initial  design 

It  is  usual  to  expect  the  arc  to  persist  but  one  or 
tAvo  cycles  under  normal  operating  conditions,  de- 
pending on  the  rapidity  of  movement  of  the  contacts 
in  oil,  and  the  generator  voltage.  Comparisons 
with  Fig.  6  are  shown  in  Fig.  11  (and  in  Fig.  5,  p. 
198),  having  nearly  the  satne  value  of  current  and 
voltage  as  shown  in  Fig.  6,  but  in  which  the  arc  per- 
sisted for  one-half  cycle  only  in  the  circuit  breaker. 
Fig.  5,  p.  198,  shows  the  short-circuit  characteristic  of 
the  8000  volt,  25  cycle  circuit  on  the  particular  test. 
Fig.  II  shows  the  voltage  waves  taken  from  voltage 
transformers  connected  in  star  across  the  circuit 
breaker  contacts  when  opening  the  short-circuit  cur- 
rent shown  in  Fig.  5.  It  will  be  noted  that  the  short- 
circuit  was  cleared  on  the  third  cycle  with  an  entire 
absence  of  any  transient  effects  during  the  arcing 
stage.  The  circuit  breaker  used  in  this  instance  was 
rated  at  one-half  the  rupturing  capacity  of  that  used 
in  the  tests  under  discussion,  and  it  is  apparent  from 
the  oscillograms  that  the  work  imposed  on  it  was 
very  much  less  than  that  indicated  in  Fig.  6,  notwith- 
standing the  larger  current. 

The  above  data  is  presented  to  assist  in  compar- 
ing the  data  shown,  with  what  may  be  expected  in 
practice.  As  stated  in  the  foregoing  paragraphs,  the 
generator  used  in  the  tests  was  a   15000  k.v.a.  ma- 
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chine  at  6  600  volts.  In  these  particular  tests  it  was 
operated  at  8800  volts,  giving  it  a  temporary  rating 
of  approximately  20000  k.v.a.  Under  this  condition 
ii  gave  a  short  circuit  current  one-third  greater  than 
at  its  normal  rated  voltage.  As  far  as  the  circuit 
breaker  is  concerned  the  duty  is  1.33-  or  1.77  times  as 
severe  as  with  15000  k.v.a.  of  6600  volt  apparatus 
(or  approximately  26000  k.v.a.).     This  is  so,   since 

the    duty    on     the    circuit 

Ijroaker  is  the  result  of 
voltage  and  current.  This 
fact,  together  with  the 
method  of  instantaneous 
tripping  used  during  the 
test  and  the  entire  absence 
of  any  other  load  on  the 
machine,  produced  condi- 
Fic.  II— voLT.AGE  .ACROSS  THE  tions,  as  far  as  the  circuit- 

CIRCUIT  BREAKER  TERMIN.\LS     ...  ji     ^\      ^ 

IN    OPENING    A    sHORT-ciR-  breaker   IS   concerned,  that 
cuiT  ON  A  25  CYCLE  TURBO-   are  approximatelv  equal  to 

GENERATOR  u       i.      •  "i  '         1        i.       r 

a  short-circuit  on  a  plant  ot 
■like  characteristics  of  twice  the  capacity  above  men- 
tioned, or  approximately  50000  k.v.a.     It  is  therefore 
seen  that  these  tests,  as  far  as  the  circuit-breaker  is 
concerned,  rank  in  importance  with  any  made. 

REACTANCE    COIL    RESULTS 

The  reactance  coils  were  found  to  be  unaflFected 
by  the  numerous  short-circuits  that  were  formed.  A 
searching  investigation  after  the  short-circuits  failed 
to  bring  to  light  any  evidence  of  movement  either  of 
the  coils  as  a  whole  or  of  the  conductors  of  the  coils. 

A  direct  comparison  between  the  stresses  de- 
veloped during  these  tests  and  those  that  could  occur 
on  a  large  system,  would  be  difficult  to  present  if 
made  over  the  whole  period  of  time  required  by  the 
circuit  breakers  to  relieve  the  short-circuit.  This 
comparison  would  involve  the  time  constants  of  the 
circuits,  which  would  govern  the  rates  at  which  dis- 
placed waves  would  return  to  the  position  of  sym- 
metry around  the  normal  axis,  and  the  armature  re- 
actions of  the  generators  which  would  be  the  cause 
of  a  decrease  in  amplitude  of  successive  waves 
through  the  gradual  loss  of  generator  voltage.  The 
worst  mechanical  stresses  in  the  circuit  occur,  how- 
ever, in  the  first  cycle. 

Among  the  many  short-circuits  made  during  the 
tests  there  are  several  which  occurred  at  such  a 
point  in  the  voltage  wave  that  one  of  the  current 
waves  was  displaced  almost  entirely  on  one  side  of 
the  normal  axis.  Fig.  12  shows  the  three  line  cur- 
rents from  the  oscillograms  of  Fig.  7  grouped 
together  in  time  relation  as  accurately  as  the  process 
of  transferring  from  film  to  sketch  will  allow.  This 
represents  a  three-phase  short-circuit  with  the  gen- 
erator excited  to  8  800  volts  and  one  reactance  in 
each  lead.  It  is  an  example  of  approximately  the  worst 
conditions  of  internal  stress  that  can  exist  in  a  re- 
actance coil  at  the  time  of  short-circuit.  The  mutual 
stresses  between  reactance  coils  B  and  C  will  he  pro- 


portional to  the  product  of  the  ordinates  of  the  cur- 
lent  waves  in  those  two  lines.  While  there  can  be 
a  combination  of  current  waves  obtained  in  a 
short-circuit  occurring  at  some  other  instant  which 
would  produce  a  somewhat  greater  mutual  stress  be- 
tween coils,  it  is  evident  from  the  curves  that  the 
mutual  stress  is  very  close  to  the  maximum  possible. 

The  displacement  of  the  axis  of  symmetrj-  of  the 
current  curve  C  at  the  ordinate  of  the  maximum  point 
of  the  wave  has  been  labeled  100.  The  intersection 
of  this  axis  of  symmetry  with  the  ordinate  at  the 
time  when  the  short-circuit  was  closed  represents 
one-half  the  ordinate  of  the  maximum  theoretical 
current  that  could  possibly  flow  through  the  im- 
pedance of  the  circuit  with  the  voltage  that  was 
present  just  before  the  short-circuit.  To  the  scale 
of  the  ordinate  labeled  100,  this  maximum  ordinate 
measures  approximately  105. 

This  small  difference  between  the  recorded 
ordinate  and  the  absolute  limit  of  current  that  could 
flow,  makes  it  justifiable  to  neglect  all  considerations 
of  time-constant  of  the  circuit  and  drop  of  generator 
voltage  due  to  armature  reaction.  For  any  other  con- 
ditions of  voltage  and  impedance  the  current  then  be- 
.comes  proportional  to  the  voltage  and  inversely  pro- 
portional to  the  total  impedance  of  the  circuit,  assum- 
ing the  short-circuit  to  occur  at  the  same  instant  with 
respect  to  the  voltage  wave.  This  makes  possible  a 
comparison  between  the  actual  tests  and  similar  con- 
ditions in  a  large  generating  station. 

For  such  a  comparison,  assume  a  station  hav- 
ing four  of  the  15000  k.v.a.  generators  used  in  the 
tests,  operating  at  6600  volts.  Assume  this  60000 
k.v.a.  of  normal  capacity  to  be  concentrated  on  a  200 
ampere  feeder  having  one  of  the  6.3^  percent  react- 
ances in  each  leg  and  a  three-phase  short-circuit  just 
beyond  the  reactances.  The  total  impedance  per 
phase  of  this  system  would  be  1.38  ohms  in  compari- 


FIG.  12 — OSCILLOGRAPHIC  CURVES  SHOWING  REL.\TION  OF  THE 
THREE  UNE  CURRENTS  UNDER  SHORT-CIRCUIT  AS  SHOWN  SEPA- 
ItATELV  IN   FIG.  J 

son  with  1.90  ohms  with  one  generator.     In  terms  of 

the  maximum  current  of  the  first  cycle  in  Fig.  12,  the 

maximum  current  of  the  assumed  system  would  be 

0000       "t  q 

00 — X — ^  o  =  103  percent  of  that  in  the  test. 

ooOO         I . 30 

For  the  worst  conditions  then  that  could  be 
brought  about  in  this  assumed  system,  as  regards  in- 
stant of  short-circuit  and  displacement  of  current 
waves,  the  mechanical  stresses  would  be  roughly  the 
same  as  in   the  actual  tests.     Considering  the  many 
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chances  of  short-circuits  occurring  under  less  severe 
conditions  in  point  of  time  and  wave  displacement, 
these  tests  are  considered  to  he  quite  coniparahlc  in 
severity  to  the  ordinary  short-circuits  in  actual  opera- 
tion in  a  fairly  large  system. 

For  a  generating  system  so  large  that  the  hus-har 
voltage  could  be  assumed  constant,  the  mechanical 
stresses  affecting  the  reactance  coils  would  be  roughly 
50  percent  greater  than  in  the  actual  tests. 

The  single-phase  short-circuits,  the  results  of 
which  are  shown  typically  in  Fig.  9,  show  somewhat 
smaller  currents  than  in  the  three-phase  short-cir- 
cuits, which  is  to  be  expected.  The  internal  stresses 
are  on  that  account  less  than  in  the  three-phase  short- 
circuit.  The  mutual  stresses  between  coils  A  and  R 
are  more  nearly  comparable  to  the  mutual  stresses  be- 
tween B  and  C  in  the  three-phase  short-circuit  of 
Figs.  7  and  12,  however,  since  the  current  in  the  two 
coils  are  almost  exactly  in  phase. 

Fig.  10  shows  the  current  with  the  15  000  k.v.a. 
generator  excited  to  the  33  percent  over-voltage  and 


short-circuited  with  only  one  reactance  coil  across 
one  phase,  and  Table  III  shows  that  the  maximum 
current  was  recorded  as  about  9000  amjjeres.  In  the 
three-phase  short-circuit  of  Fig.  7  the  maximum  cur- 
rent was  about  7  000  amperes.  The  internal  stresses 
in  the  reactance  coil  were  therefore  something  over 
do  percent  greater  than  in  the  three-phase  short- cir- 
cuit and  this  makes  them  comparable  to  the  maximum 
stresses  that  could  be  developed  in  a  6  600  volt  gen- 
erating station  of  infinite  capacity. 

In  review,  the  study  of  the  curves  and  test  data 
brings  out  the  facts  that  the  internal  stresses  in  the 
reactance  coils  and  the  mutual  stresses  between  coils 
were  of  the  order  to  be  expected  in  the  ordinary  6  600 
volt  system  of,  say  50000  k.v.a.  capacity,  and  roughly 
com[)arable  to  two-thirds  of  the  maximum  stresses 
which  could  occur  in  a  6600  volt  system  of  infinite 
generator  capacity ;  and  that  the  internal  stresses  in 
the  reactance  coil  during  the  last  test  with  one  react- 
ance coil  alone  were  of  the  order  to  be  expected  in  a 
G  600  volt  system  of  infinite  generator  capacity. 


Generator  Short-Circuit  Current  Waves 

F.  D.  Newbury 

FOREWORD — The  practical  importance  of  observations  of  generator  short-circuits  and  the  present 
confusion,  both  in  published  articles  and  in  engineering  specifications,  as  to  the  meaning  of  various  terms 
relating  to  short-circuit  conditions,  make  it  worth  while  to  examine  some  of  the  properties  of  the  short- 
circuit  current  wave  with  the  hope  that  some  of  these  ambiguities  may  be  removed.  The  present  article 
will  discuss  some  of  the  more  important  characteristics  of  the  theoretical  short-circuit  current  wave,  de- 
scribe two  methods  of  approximating  the  maximum  possible  short-circuit  current  from  an  oscillograph 
record,  and  define  reactance  and  short-circuit  current  as  applied  to  short-circuit  conditions. 


THE  first  rush  of  current  after  short-circuit  is  de- 
termined by  the  generated  voltage  at  the  instant 
of  short-circuit  and  by  the  combined  reactance 
of  the  various  stator  and  rotor  circuits  involved.  The 
effect  of  resistance  may  be  neglected  except  for  its 
effect  on  the  rate  of  decrement  of  the  short-circuit 
wave. 

The  generated  voltage  continuously  decreases  dur- 
ing the  transient  period  due  to  the  increasing  demag- 
netizing effect,  on  the  main  flux,  of  the  flux  set  up  by 
the  armature  current.  In  fact,  the  initial  flux  is  prac- 
tically destroyed  before  stable  conditions  are  reached. 
While  the  armature  curi^ent,  and  the  flux  set  up  by  it, 
are  continuously  decreasing,  the  effect  of  this  flux  on 
the  main  flux  is  continuously  increasing,  during  the 
transient  period,  due  to  the  relatively  long  time  re- 
quired to  effect  any  change  in  the  main  flux.  Due 
principally  to  this  cause,  the  instantaneous  short-circuit 
current  is,  in  large  high  speed  generators,  from  10  to 
20  times  the  steady  short-circuit  current  for  equal  field 
currents.  It  is  perhaps  more  usual  to  consider  the 
generated  voltage  constant  and  the  decrease  in  current 
to  be  due  to  an  increase  in  apparent  reactance  (caused 
by  armature  demagnetization).  However,  the  arma- 
ture flux  reduces  the  main  flux  directly  and  the  volt- 
age corresponding  to  the  original  value  of  main  flux 
is  not  actually  generated,  after  the  armature  flux  be- 


comes effective,  so  that  the  conception  of  variable 
voltage  is  more  closely  in  accord  with  the  physical 
facts  and  assists  in  forming  a  mental  picture  of  the 
true  sequence  of  events  during  short-circuit. 

The  reactance  is  a  somewhat  variable  and  highly 
complex  quantity,  bein^g  determined  not  only  by  the 
true  self-induction  of  the  phase,  or  phases,  short-cir- 
cuited, but  bv  the  mutual  induction  between  phases 
carrying  current,  and  between  the  field  and  armature 
windings  (including  any  closed  rotor  circuits,  such  as 
solid  poles  or  cage  damper  windings  in  which  currents 
may  be  induced).  This  equivalent  reactance  is  dif- 
ferent when  three  phases  are  simultaneously  short-cir- 
cuited than  when  only  part  of  the  winding  ,is  short- 
circuited.  It  is  obviously  different  from  the  reactance 
due  to  the  self-induction  of  the  armature  winding  ef- 
fective during  synchronous  operation  under  steady  cur- 
rent conditions.  It  is  convenient  to  call  this  equiva- 
lent reactance  existing  during  the  short-circuit  period 
the  "transient  reactance'  of  the  generator.  In  this 
article  a  pi)lyphase  short-circuit  of  the  entire  winding 
will  be  assumed. 

For  convenience  in  analysis  and  explanation,  the 
generated  voltage  may  be  assumed  constant  at  the 
value  existing  at  the  instant  prior  to  short-circuit. 
This  introduces  no  serious  error  in  connection  with  the 
first  few  alternations,  but  for  longer  intervals  of  time 
the  rapid  decrease  in  voltage  must  be  kept  in  mind. 
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The  transient  reactance  may  also  be  assumed  constant. 
Under  these  assumed  conditions  of  constant  voltage 
and  reactance,  the  current  conditions  will  be  the  same 
as  in  any  simple  circuit  containing  reactance  and  re- 
sistance to  which  a 
steady  alternating 
voltage  is  suddenly 
applied.  Typical 
current  curves  un- 
der these  condi- 
tions are  shown  in 
Figs.  I  and  2* 
These  curves  differ 
only   in   the   initial 

FIG.       I — CONVENTION.'^L       SHORT-CIRCUIT    '^  ^^^UC     01     tnC    VOIt" 

WAVE    WITH     M.\xiMUM     Dispi.ACK-  agc   at  thc   instaiit 
^^^'^  of     short  -  circuit. 

The  ordinates  of  the  resultant  current  curve 
OEG  are  the  sums  of  the  ordinates  of  the  two 
component  curves  BX  and  ADF.  The  former 
component  is  the  familiar  logarithmic  function  repre- 
senting the  storage  of  energy  in  the  magnetic  field  due 
to  the  current,  and  for  convenience  will  be  called  the 
logarithmic  component.  The  latter  component  is  a 
sine  function  and  is  equal  to  the  final  steady  value,  in 
amplitude  and  phase,  of  the  alternating  current  under 
the  assumptions  of  constant  voltage  and  reactance. 
Similarly,  this  will  be  called  the  sine  component.  In 
tiie  generator,  both  components  steadily  decrease  in 
value  below  those  shown  in  the  curves  because  of  the 
decrease  in  generated  voltage.  It  is  obvious  that  the 
logarithmic  component  is  coincident  with  the  axis  of 
symmetry  of  the  resultant  curve  and  the  displacement 
of  this  axis  of  symmetry  from  the  zero  current  line 
is  equal  to  the  logarithmic  component. 

It  is  a  familiar  characteristic  of  short-circuit 
waves  that  the  first  two  half  waves  may  be  equal  in 
amplitude,  or  one 
may  be  zero,  as 
in  Fig.  I.  or  their 
ratio  may  have 
any  value  between 
these  extremes. 
These  variations 
are  due  to  the  ac- 
cidental variation, 
in    different   short-  "G-  2-short-circcit  wave  with  one- 

THIRD   MAXIMUM   DISPLACEMENT 

circuits,  in  the  in- 
stantaneous value  of  the  voltage  wave  at  the  instant  of 
short-circuit.  These  conditions  and  the  reasons  for 
them  may  be  explained  by  reference  to  Figs,  i  and  2. 
At  the  instant  of  short-circuit,  the  logarithmic  and 
sine  components  are  equal  in  value  and  opposite  in 
sign.  This  necessarily  follows  from  the  fact  that  the 
resultant  current  is  zero.  The  logarithmic  component 
will  have  its  maximum  initial  value  and,  consequently, 
the  resultant  current  wave  will  have  its  maximum  dis- 


placement from  the  zero  axis  when  the  initial  value 
of  the  sine  component  is  a  maximum ;  that  is  when 
the  short-circuit  occurs  at  that  point  in  the  voltage 
wave  corresponding  to  maximum  current  under  steady 
conditions.  Since  the  power-factor  of  the  short-circuit 
current  is  practically  zero  (probably  less  than  lO  per- 
cent in  all  cases)  maximum  current  corresponds  ap- 
proximately with  zero  voltage.  The  resultant  current 
wave  will  be  displaced  in  the  negative  direction  when 
the  voltage  wave  is  decreasing  from  zero  and  in  the 
positive  direction  when  the  voltage  wave  is  increasing 
from  zero.  Conversely,  the  logarithmic  component 
will  be  zero  and  the  short-circuit  wave  will  be  sym- 
metrical with  respect  to  the  zero  current  line  when 
the  short-cir- 
c  u  i  t  occurs 
at  that  point 
in  the  volt- 
age wave  cor- 
responding to 
zero  current 
under  steady 
conditions.  In 
Fig.  I  the 
circuit  was  closed  at 
point  corresponding  to 
maximum  steady  cur- 
rent (and  approximate- 
Iv  zero  voltage),  and  in 
Fig.  2  the  circuit  was 
closed  at  an  intermedi- 
ate current  value  ap- 
proximately one  -  third 
its  maximum  u  n  d  e  r 
steady  conditions.  In 
this  connection  it  is  in- 
teresting to  note  that  in 
a  three  -  phase  short- 
circuit  the  instantaneous 
values    of    the    voltages 


*For  the  equations  and  analytical  discussion  of  these  curves, 
see  Bedell  &  Crehore  ".\lternating  Currents','  fourth  edition, 
PP-  50-59. 


fig.  3 — oscillogram  i,  table  1 
(of  previous  article) 
showing  three-phase  short- 
circuit  at  normal  voltage 
0.\  large  60  cvcle  water 
wheel  generator 

Record  taken  on  two  sepa- 
rate three-element  oscillo- 
graphs      showing       generator 

are    obviously    different    voltage,   current   in  phases  A, 

B  and  C.  and  2;  cvcle  voltage 

in     the     three-phases    at    „-ave    from    separate    sources 

the  instant  of  short-cir-  fc""  "'"'"S  Purposes. 
:uit  and,  consequently,  the  peak  values  of  tlie  currents 
in  the  three-phases  will  be  different.  If  we  assume  that 
the  voltage  in  one  phase  is  such  as  to  result  in  maxi- 
mum short-circuit  current  in  that  phase,  the  currents 
in  the  two  other  phases  will  be  displaced  half  as  much 
in  the  opposite  direction  and  the  maximum  peak  values 
will  be  75  percent  of  the  maximum  peak  value  of  the 
first  phase.-  Furthermore,  since  one  voltage  wave  will 
be  increasing  and  the  other  decreasing  in  value,  the 
current  waves  will  be  opposite  in  sign  during  the  first 
alternation  after  short-circuit.  These  relations,  which 
have  an  important  bearing  on  the  mechanical  stresses 
between  armature  coils  during  short-circuit,  are  illus- 
trated bv  the  currents  in  the  three  phases  in  Fig.  3. 
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FIG.  4 — THREE-PHASE  SHORT- 
CIRCUIT  FOR  NORMAL  VOLT- 
ACE  ON  A  LARGE  6o  CYCLE 
TURBO-GENERATOR 


When  the  logarithmic  component  has  its  maxi- 
mum initial  value,  the  peak  value  of  the  short-circuit 
current  has  its  maximum  instantaneous  value,  and 
when  the  logarithmic  component  is  zero  the  short- 
circuit  current  has  its  minimum  possible  value.  Since 
the  initial  values  of  the  two  components  are  equal,  the 
maximum  possible  instantaneous  value  of  the  short- 
circuit  current  is  approxi- 
mately double  the  mini- 
mum possible  value  and 
the  sine  component.  It  is 
somewhat  less  than  double 
due  to  the  decrease  in  ordi- 
nate of  the  logarithmic 
component  DY  m  the  time 
OT  (Fig.  I),  and  to  the 
further  decrease  in  both 
components  due  to  de- 
Middle  and  lower  records  crease  in  generated  voltage 
show   generator   voltage    and     /    „t  „i,  •      tr-       ,\      t^ 

current  in  one  phase.    Upper    ("«*  shown  in  Fig.   l).    If 
record   is  a  voltage   induced   ambiguity  is  to  be  avoided 

in    a    special     e.xploring    coil    rptVrfncf-s    tr>    chnrt  rlrr-nit 
which  may  be  neglected.  references    to   short-circuit 

current  should  clearly  dis- 
tinguish between  maximum  and  minimum  possible 
current. 

In  making  short-circuit  tests  it  is  by  no  means 
certain  that  the  current  in  any  of  the  phases  will  even 
approximate  the  maximum  possible  short-circuit  cur- 
rent. It  is  convenient,  therefore,  to  have  available 
some  method  of  readily  calculating  this  maximum  pos- 
sible current  from  the  oscillograph  record  of  any  single 
test.  The  preceding  general  characteristics  of  the  short- 
circuit  wave  suggest  two  sufficiently  accurate  and  con- 
venient methods.  The  sum  of  the  maximum  ordinate? 
of  the  first  two  alternations  are  approximately  equal 
to  the  desired  peak  value.  The  variation  in  the  meth- 
ods consists  in  the  correction  applied  to  the  sum  of 
these  peak  values. 

a — The  maximum  ordinates  of  the  first  two  alter- 
nations may  be  added  graphically  on  the  oscillogram 
by  extending  a  curve  adjoining  several  maximum  posi- 
tive and  negative  ordinates  back  to  the  ordinate  repre- 
senting the  instant  of  short  circuit.  In  Fig.  i  such 
curves  are  HEC  and  JGO.  This  total  ordinate  repre- 
sents the  theoretically  maximum  short-circuit  current 
at  zero  time,  an  approximate  correction  being  included 
for  variations  in  voltage  and  reactance.  From  meas- 
urements of  a  large  number  of  oscillograms  represent- 
ing both  water  wheel  and  turbo-generators,  it  has  been 
found  that  the  change  in  voltage  and  reactance  and 
the  decrease  in  total  current  due  to  decrease  in  the 
logarithmic  component  is  sufficient  to  make,  as  an 
average  value, — 

Imax.    =  0.9I„ 

In  which  /„„  =  maximum   peak   value    of    short-circuit 
current  that  actually  can  occur.     ( TE  in  Fig.  1). 

7„  =  theoretical  maximum  peak  value  of  short-circuit  cur- 
rent at  zero  time  ( OC  in  Fig.  1 ). 

It  should  be  understood  that  this  relation  between 
/o  and  /max-  is  only  roughly  approximate  and  varies 


with  every  generator  and  every  change  in  external  re- 
actance if  such  coils  are  used.  It  depends  on  the  time 
constant  (  L-f-R)  of  the  circuit,  the  value  of  the  short- 
circuit  current  and  the  rate  at  which  the  generator  flux 
can  be  changed. 

b — The  correcting  factor  applied  to  the  sum  of 
the  peak  values  of  the  first  two  half  waves  depends 
on  the  length  of  time  elapsing  before  their  comple- 
tion. This  time  will  vary,  due  to  the  varying  time 
of  the  first  half  wave.  The  ratio  of  the  peak  values 
of  the  first  two  half  waves  is  a  convenient  and 
sufficiently  accurate  measure  of  this  time.  When  the 
oscillogram  shows  directly  the  maximum  possible  peak 
value,  the  zero  value  of  current  at  zero  time  is  to  be 
used  as  this  value  for  the  first  half  wave.  Using  this 
method  of  correction  the  maximum  possible  short-cir- 
cuit current  may  be  calculated  by  means  of  the  fol- 
lowing approximate  formula: — 

+  1^)    (l     "•    ^' 


I™ 


(I. 


-0.1 


J 


In  which  I ^  and  /,  are  the  maximum  ordinates  of  the 
first  and  second  consecutive  half  w-aves ;  /,  represent- 
ing the  larger  and  lo  the  smaller  without  regard  to 
precedence  in  the  oscillogram. 

Figs.  3,  4  and  5  represent  three-phase  short-cir- 
cuits on  three  diiTerent  generators  of  the  different 
types  of  importance  in  connection  with  short-circuit 
phenomena.  Fig.  3  shows  the  current  in  all  three 
phases  at  normal  voltage  in  a  15000  k.v.a..  60  cycle, 
three-phase  water  wheel  generator.  The  current  in 
phase  B  happens  to  be  the  ma.ximum  possible  short- 
circuit  current,  the  current  wave  being  displaced  a 
maximum  in  the  positive  direction.  The  other  phases 
necessarilv  show  smaller  and  approximately  equal  dis- 
placements in  the  negative  direction.  Fig.  4  repre- 
sents a  three-phase  short-circuit  at  rated  voltage  on  a 
large  60  cycle  turbo-generator  but  shows  the  current 
in  only  one  phase.  Fig.  5  represents  a  three-phase 
short-circuit  at  60  percent  rated  voltage    on    a    large 

25  cycle  turbo-gen- 
erator, the  current 
in  all  phases  being 
>hown.  As  in  Fig. 
3,  one  phase  has  ap- 
proximately the 
maximum  possible 
short  -  circuit  cur- 
rent. 

The  various  cur- 
rent values  from 
oscillograms 
and  from  other  os- 
cillograms taken  un- 
der similar  conditions  from  the  same  machines  are 
given  in  Table  I.  Tb.e  table  shows  directlv  the  close 
agreement  between  values  of  /max-  calculated  accord- 
ing to  the  two  methods  described. 

The  value  of  the  sine  component  of  the  short-cir- 
cuit current   is  determined    bv    the    same    factors — 


FIG.      5 — THREE-PHASE       SHORT-CIRCUIT     theSC 
AT   60    PERCENT   NORMAL   VOLTAGE    ON 
LARGE    25    CYCLE    TURBO-GENERATOR 
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voltage,  resistance  and  reactance-and    in    the    same  ance.     A  typical  60  cycle    turbo-generator    of    from 

simple  relation  as  the  final  steady  alternating  current.  15  000  to  25  000  k.v.a.  at  i  800  r.p.m.  would  have  ap- 

This  leads  directly  to  the  rational  definition  of  tran-  proximately  double  this  reactance.    The  60  cycle  water 

sient  reactance  and  a  convenient  method  for  its  ap-  wheel  generator  and  the  25  cycle  turbo-generator  re- 

proximate   determination.*     The    transient   reactance  actance  are  fairly  representative  of  these  classes 
IS  the  maximum  value  of  the  voltage,  at  the  instant  As  a  rougher  approximation,  the  theoretical  maxi- 

before    short-circuit,    divided    by    the    corresponding  mum  current  I„  and  the  actual  maximum  current  U 
maximum  ordinate  of  the  sine  component  of  the  short  '  "  " 

circuit  current ;  or  from  relations  already  explained  :— 


may  be  considered  identical,  when 


Transient  reactance  (ohms)  =  ~^ 


2E      1.8  E 


I„ 


I™ 
I,. 
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The  transient  reactance  is,  in  most  cases,  ex- 
pressed as  a  percentage:— that  is  the  ratio  of  the  re- 
active voltage  at  rated  current  to  the  rated  voltage. 
From  these  definitions  it  follows  that  the  ratio  of 
maximum  short-circuit  current  In,ai.  to  the  rated  cur- 
rent (comparing  peak  values)  is  180  divided  by  the 
percentage  reactance,  or; 

Isax.  180 


%  reactance 
From  these  relations  and  the  voltage  and  current 
values  given  in  Table  I  the  reactance  and  short-circuit 

TABLE  1 


%  reactance 

There  is  no  justification  in  spite  of  its  frequent  use 
for  the  simple  relation, 

W  ^ 100 

Ir  %  reactance 

Ihis  involves  the  obviously  incorrect  assumption 
that  the  short-circuit  wave  will  always  be  symmetrical 
and  therefore  equivalent  to  the  sine  component. 

It  is,  of  course,  possible  to  consider  effective 
values  of  the  short-circuit  wave  instead  of  instan- 
taneous maximum  values  but  the  effect  of  the  short- 
circuit  current  that  is  of  practical  importance  is  the 


Osc. 
No. 

Gen. 

Fig. 
No. 

Gen.  V. 
Effect. 

Ph. 

Maximum  Current  Values. 

1st  Alt. 

2nd  Alt. 

Ii  +  I,. 

Meth.  (b). 

linax. 

I.- 

Metb.  (a) 

^raaz. 

1 

1 

3                   6600 

j 

A 
B 
C 

4  100 

0 

11200 

10  900 
14  100 
4  350 

15  000 

14  100 

15  550 

14  500 

14  100 

15  000 

15  500 

14  800 

15  800 

14  000 

13  300 

14  200 

2 

1 

77U0 

A 
B 
C 

12  800 

2  970 

0 

5600 
13  100 
15  600 

18  400 
16  070 
15  60O 

17  600 

15  700 
15  600 

19  000 

16  900 

17  400 

17  000 
15  200 
15  600 

3 

1 

8800 

A 

C 

14  500 
0 

7  100 
17  500 

21  fiOO 
17  .500 

20."i00 
17  ,')00 

22  000 
19  .'.00 

19  700 
17  600 

4 

2 

4 

sooo 

A 

39  000 

7  900 

46  900 

46  000 

49  800 

45000         ' 

5 

2 

6000 

A 

IS  400 

10  2  0 

28  600 

27  000 

31600 

28  400 

6 

- 

6000 

A 

23S0O 

4  700 

28  500 

28  000 

35  500 

32  000 

2 

4000 

A 

14  600 

14  100 

28  700 

26  000 

30  400 

27  300 

8 

2 

2600 

A 

4  200 

16  500 

20  700 

20  200 

22  300 

20  000 

3 

5 

8000 

A 
B 

c 

9  150 

2  650 

0 

2  800 

8  300 

12  000 

11  950 
10  950 

12  000 

11600 
10  600 
12  000 

12  800 
11600 

13  000 

11. TOO 

10  4(0 
11700 

10 

3 

8000 

A 

B             1 
C 

10  .500 
4  200 

0         j 

1  330 

6  900 
10  900 

llfOO 
11  100 
10  900 

11  700 
10  400 
10  900 

13  200 
12  400 
12  700 

11  SCO 
11  200 
11400 

current  ratio  of  the  three  generators  at  rated  current 
and  voltage  have  been  determined  as  follows: — 


Generator 

Percent 
Reactance 

1— Large  60  cycle  water  wheel 

2— Large  60  cvcle  turbo 

3— Large  25  cvcle  turbo 

24 

7.4 
10.9 

7.5 
24.3 
16.5 

It  should  be  pointed  out  that  the  large  60  cycle 
turbo-generator  does  not  fairly  represent  its  class 
from  the  standpoint  of  reactance.  Special  mechan- 
ical and  electrical  requirements  in  this  particular  case 
necessitated  a  relatively  weak  armature,  magnetically, 
as  compared  with  the  field  with  consequent  low  react - 

*The  reactance  is  strictly  defined  bv  the  equation  of  the 
r^llZT  '"^'''  '"^'"^i"?  both  sine  and  logarithmic  curves 
I  he  sine  component  alone  has  been  used  merely  to  simplify 
matters  without  in  any  way  affecting  the  result. 


instantaneous  value  of  the  mechanical  stress  produced, 
and  from  this  standpoint  instantaneous  maximum 
values  of  current  rather  than  any  other,  are  of  conse- 
quence. Moreover,  maximum  instantaneous  values 
are  more  convenient  to  use  as  they  are  easily  measured 
on  oscillograms  and  the  maximum  value  of  the  rated 
current  is  readily  calculated. 

The  maximum  possible  short-circuit  current  is 
of  greater  practical  importance  than  any  other  lower 
value  since  the  maximum  stresses  between  coils  are 
produced  when  the  product  of  the  instantaneous  cur- 
rent values  in  the  two  phases  are  a  maximum.  Spe- 
cifically, the  maximum  possible  stress  is  produced 
when  tA-o  lines  are  short-circuited,  producing  a  single- 
phase  short-circuit  in  two  phases  of  the  winding,  and 
when  the  maximum  possible  short-circuit  current  oc- 
curs. 

These  same  relations  between  voltage,  reactance 
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and  short-circuit  current  liuld  with  the  combination 
of  generator  and  external  reactance  coils  sometimes 
used,  keeping  in  mind  the  variable  difference  between 
lo  and  Imajc-  With  reactance  coils  connected  in  the 
generator  leads  or  between  generator  bus-bar  sections, 
so  that  the  generator  terminal  voltage  is  greatly  re- 
duced under  short-circuit  conditions,  the  internal  gen- 
erator reactance  (as  above  defined)  and  external  re- 
actance (as  calculated  or  measured  under  steady  cur- 
rent conditions)  may  be  combined  as  with  different 
reactances  in  any  similar  circuit ;  for  example,  to  con- 
sider the  simplest  case,  with  a  single  generator  and 
single  reactance  in  each  generator  lead  the  short-cir- 
cuit current  will  be  : — 


•^max.  i 


1.8  E 


(internal  +  external)  reactance 

With  reactance  coils  connected  in  the  feeder  cir- 
cuits of  such  high  reactance  that  in  case  of  a  short- 
circtiit  on  the  feeder,  the  generator  terminal  voltage  is 
practically  constant  the  maximum  current  in  the 
feeder  under  short-circuit  conditions  can  be  determined 
accurately  from  the  exact  equation  representing  the 
current  in  a  circuit  containing  reactance  and  resistance 
and  to  which  a  constant  alternating  voltage  is  suddenly 
applied.  The  current  can  be  obtained  more  approxi- 
mately from  the  same  relations  given  in  the  case  of 


the  generator  alone,  considering  only  the  external  re- 
actance. Obviously,  with  constant  voltage  the  ratio 
between  !„  and  Imai-  will  be  greater  than  0.9. 

Pending  agreement,  of  at  least  national  scope,  it 
will  be  necessary  to  define  the  terms  "short-circuit  cur- 
rent" and  "reactance"  whenever  they  are  used  in  con- 
nection with  generator  short-circuit  phenomena.  The 
following  definitions  are  suggested : — 

The  short-circuit  current  of  a  generator  shall  be 
the  peak  value  of  the  first  cycle  of  current  in  one 
phase  after  a  short-circuit  is  established,  when  the 
short-circuit  occurs  at  that  point  in  the  voltage  wave 
of  the  phase  in  which  the  current  is  measured  result- 
ing in  maximum,  short-circuit  current.  Short-circuit 
of  the  complete  winding  shall  be  assumed  unless  other 
conditions  are  specified. 

The  transient  reactance  of  a  synchronous  gener- 
ator shall  be  defined  by  the  relation : — 

E 
Reactance  =    "r  1  ii  which  E  is   the  maximum   value  of 

the  voltage  at  the  instant  before  short-circuit,  and  /  the  corres- 
ponding maxitnum  value  of  the  .•s/xe  comp  mi.  nl  of  the  short- 
circuit  current. 

It  follows  from  these  definitions  that  the  ratio  of 
the  short-circuit  current  to  the  peak  value  of  rated 
current  is  approximately  equal  to  180  divided  by  the 
reactance  in  percent. 


The  Effect  of  Limiting  Reactances  on  the 
Apphcation  of  Oil  Circuit  Breakers 


J.  N.  Mahoney 


A  NUMBER  of  the  large  power  systems,  oper- 
ating at  6600,  II  000  and  13  200  volts,  three 
phase,  have  adopted  feeder  reactances  as  a 
part  of  the  permanent  plant  equipment.  In  several 
of  these  cases  bus-tie  reactances  also  are  used,  and 
in  some  instances  the  bus-tie  reactances  are  short-cir- 
cuited by  knife  switches  or  appropriate  oil  circuit 
breakers  when  one  bus  section  is  to  be  fed  from  the 
other  sections.  In  practically  all  of  the  installations 
the  minimum  reactance  values  used  range  from  what 
is  known  as  two  percent  to  a  maximum  of  four  per- 
cent, with  a  conducting  capacity  of  from  200  to  300 
amperes  per  phase.  The  two  percent  reactance  is 
usually  that  having  the  lower  current  values.  The 
reactance  percent  value  referred  to  equals  the  percent 
of  voltage  drop,  in  terms  of  normal  voltage,  when  the 
normal  rated  current  is  flowing.  The  values  of  am- 
pere capacity  and  reactance  chosen  would  indicate 
that  it  was  the  intention  of  the  engineers  applying 
them  to  limit  the  flow  of  current  under  short-circuit 
conditions  to  a  value  somewhere  between  5  000  and 
10000  amperes.  Where  short-circuit  currents  or  k.v.a. 
are  mentioned,  minimum  possible  values  are  meant. 


By  comparing  the  values  of  current  and  normal 
operating  voltages  above  mentioned,  it  will  be  noted 
that  these  represent  short-circuit  kilovolt-ainpere 
values  of  from  57  000  k.v.a.  at  6  600  volts  and  5  000 
amperes,  three-phase  as  a  minimum,  to  228  000  k.v.a. 
at  13200  volts,  10  000  amperes,  three-phase  as  a 
maximum.  In  a  large  plant  where  the  necessity  for 
limiting  reactances  usually  exists,  and  with  a  large 
proportion  of  the  capacity  of  the  plant  in  operation, 
these  values  are  likely  to  be  sustained  for  any  reason- 
able period  at  the  will  of  the  operators. 

Oil  circuit  breakers  are  rated  under  the  assump- 
tion of  a  decreasing  short-circuit  characteristic  on  ap- 
paratus having  a  definite  maximum  characteristic* 
This  rating,  reduced  to  its  simplest  terms,  indicates 
that  the  circuit  breaker  is  guaranteed  to  clear  a  short- 
circuit  at  normal  voltage  with  a  current  flow  equal  to 
6.25  times  the  rating  in  kilovolt-ampere  breaking  ca- 
pacity of  any  particular  type  of  oil  circuit  breaker. 
This  data  indicates  that  6.25  times  the  rating  should 


*See  "Breaking  Capacity  Ratine  of  Oil  Circuit  Breakers" 
by  the  author  in  the  Journ.'iL  for  November,  1913,  p.  I  103. 
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equal  approximately  the  actual  kilovolt-amperes  ob- 
tainable through  the  limiting  reactances,  with  full 
normal  voltages  on  the  bus-bar  behind  the  reactances. 
To  illustrate: — A  200  ampere,  four  percent  feeder 
reactance,  three-phase,  at  13200  volts  will  pass  5000 
amperes  per  phase,  or  approximately  115  500  k.v.a. 
The  circuit  breaker  that  should  be  applied  for  this, 
without  further  consideration  of  the  particular  oper- 
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FIG.     I — PRESSURE    CURVES     SHOWING     TANK     PRESSURES     IN     TWO 
SIZES  OF  CIRCUIT  BRE.\KERS   IN   CLE.\RING  A   SHORT  CIRCUIT 

ating  conditions,  should  have  a  kilovolt-ampere  break- 
ing capacity  rating  equal  to  1 15  000 -:- 6.25,  or  ap- 
proximately 18  500  k.v.a. 

On  account  of  the  difference  in  conditions 
brought  about  by  the  electrical  location  of  the  react- 
ance and  generating  apparatus  in  relation  to  the  cir- 
cuit breaker,  this  calculated  application  is  not  always 
a  correct  assumption.  This  is  discussed  on  page  194 
of  this  issue.  When  the  reactance  in  the  generator 
circuits  and  bus  circuits  is  such  as  to  reduce  the 
^•alues  above  mentioned,  the  circuit  breaker  rating  can 
be  reduced  proportionately.  When  the  feeder  react- 
ance controls  but  a  single  feeder  and  the  plant  is 
capable  of   sustaining  approximately    full  voltage  on 


in  the  circuit  breaker  tanks,  and  appears  as  mechan- 
ical pressure  which  the  circuit  breaker  is  compelled 
to  withstand. 

An  indication  of  the  pressures  resulting  in  two 
sizes  of  circuit  breaker  clearing  a  similar  short-circuit 
through  limiting  reactances,  is  given  in  Fig.  i.  The 
tests,  of  which  these  pressure  curves  are  a  partial 
record,  were  conducted  on  one  of  the  largest  operat- 
ing systems  in  the  country.  The  pressure  records 
were  made  while  the  circuit  breakers  were  clearing  a 
short-circuit  of  approximately  6  500  amperes  per 
phase,  three-phase,  at  4  700  volts.  The  limiting  re- 
actances used  were  three  percent  at  4  500  volts  and 
300  amperes.  The  upper  curve  of  the  record,  made 
on  the  smaller  circuit  breaker,  indicates  a  maximum 
pressure,  taken  just  above  the  oil  level,  of  approxi- 
mately 82.8  pounds,  and  the  lower  cun'e  on  the  large 
circuit  breaker,  of  approximately  31.8  pounds  maxi- 
mum. 

As  a  comparison  with  these  Fig.  2  (and  Fig.  5, 
p.  198,  and  Fig.  11,  p.  195)  show  much  greater  cur- 
rent values  being  interrupted  by  the  respective  cir- 
cuit breakers  without  the  persistency  or  pressures 
noted  above.  Fig.  2  shows  a  circuit  breaker  clearing 
a  short-circuit  directly  on  a  bus  on  which  was  oper- 
ating 30000  k.v.a.  of  12000  volt  generating  appar- 
atus The  current  values  reached  a  maximum  of  ap- 
proximately 16000  amperes.  The  plant  was  operat- 
ing under  a  load  at  the  time,  and  it  will  be  noted  that 
the  dynamic  short-circuit  current  flow  was  cut  off 
by  the  circuit  breaker    with    very    little    voltage    dis- 
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FIG.   2 — OSCILLOGRAPH    SHOWING  A   CIRCUIT    BREAKF.R    CLF..\RING    A    SHORT-CIRCUIT    ON 
.\    BUS    CARRYING    .30  OOO    K.V.A.    OF    CENER.XTING    .\PPARATUS    AT    12  OOO  VOLTS 


the  bus,  because  of  the  large  capacity  available  and 
absence  of  generator  or  bus  reactances,  new  condi- 
tions, ordinarily  overlooked,  are  presented. 

These  effects  are  best  illustrated  by  reference  to 
Figs.  9  and  lo  on  pages  192  and  194  of  this  issue. 
These  figures  show  the  voltage  conditions  in  clearing 
a  short-circuit  through  various  limiting  reactances. 
It  will  be  noted  that  the  arc  voltage  persists  for  sev- 
eral cycles  and  has  a  relatively  high  average  value. 
This  indicates  that  considerable  energy  is  dissipated 


tnrbance.  This  is  also  shown  on  Fig.  11,  p.  195, 
which  is  an  oscillogram  showing  the  voltage  readings 
across  the  terminals  of  a  circuit  breaker  clearing  a 
short-circuit  in  a  circuit  having  the  current  values  and 
other  characteristics  as  shown  in  Fig.  5,  p.  198.  It 
will  be  noted  that  the  arc  persisted  but  one-half  cycle 
with  no  unusual  voltage  disturbance  on  clearing  the 
short-circuit,  even  though  the  apparent  energy  inter- 
rupted was  greater  than  in  Figs.  6  to  10  on  pages  191 
to    194. 


Current  Limiting  Reactance  Coils 


J.  F.  Fetkks 


CURRENT  LLMITING  reactance  coils,  whether 
placed  in  generator  leads  for  sectionalizing 
busses  or  in  feeder  circuits,  will  in  many 
cases  be  required  to  carry  comparatively  large  cur- 
rents. This  current  can  be  provided  for  either  by 
employing  one  large  conductor  or  several  compar- 
atively small  conductors  connected  in  parallel.  The 
voltage  of  these  coils  should  vary  directly  with  the 
current  from  zero  to  the  maximum  current  under 
short-circuit ;  therefore  they  must  be  constructed 
without  an  iron  core  and  cannot  be  mounted  in  an 
iron  case.  This  requires  that  they  be  air  cooled.  Due 
to  this  fact,  a  comparatively  large  amount  of  con- 
ductor surface  mu&t  be  provided  to  dissipate  the  PR 
loss,  and  since  the  area  of  a  conductor  such  as  a  cable 
increases  with  the  square  of  its  diameter  while  the 
surface  increases  with  the  first  power  of  the  diameter, 
it  is  obvious  that  the  smaller  the  diameter  of  the 
cable  the  more  efficiently  is  the  copper  worked.    The 


stress  is  independent  of  the  diameter  of  the  cable 
since  the  tensile  strength  is  constant  per  minute  area 
of  conductor  and  the  current  producing  the  stress  is 
constant  per  unit  area  of  conductor.  The  stress  (b) 
is  one  of  compression  on  the  supports  between  conduc- 
tors. No  difficulty  should  be  experienced  in  provid- 
ing for  this  unless  the  coil  is  abnormally  long  as  com- 
pared with  its  diameter.  The  stress  (c)  tends  to 
deflect  the  conductors  between  supports  toward  the 
middle  of  the  coil  in  a  direction  parallel  with  the  axis 
of  the  coil  and  varies  with  the  fourth  power  of  the 
diameter  of  the  cable,  viz.,  varies  with  the  square 
of  the  current,  which  in  turn  varies  with  the  square  of 
the  diameter  of  the  cable ;  but  the  resistance  of  the 
cable  to  the  bending  moment  also  varies  approxi- 
mately with  the  fourth  power  of  the  diameter  of  the 
cable,  so  that  the  tendency  of  the  cables  being  drawn 
together  is  independent  of  the  diameter  of  the  cable 
of  which  the  coil  is  wound.    This  tendency  for  a  de- 
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FIG.    I — GROUP   OF   COMPLETELY    ASSEMBLED    RE.\CT.\NCE    COILS 

These  coils  are  rated  as  five  percent  of  an  ii  ooo  volt,  200  ampere,  three-phase  circuit.  They  have  been  tested  to 
20000  volts  at  100  000  cycles  across  the  terminals,  induced  by  making  the  coil  the  secondary  of  a  closely  coupled  Tesla 
transformer,  the  voltage  being  measured  by  a  sphere  spark-gap.  This  is  equivalent  to  I  100  volts  between  conductors  in 
adjacent  layers — 3.2  times  the  \alue  produced  when  the  entire  generator  rated  voltage  is  impressed  upon  the  coil. 

copper  represents  a  large  part  of  the  total  cost ;  there- 
fore it  should  be  reduced  to  a  minimum. 

When  a  number  of  cables  are  connected  in  mul- 
tiple in  a  coil  of  this  kind,  there  is  a  tendency  for 
local  current  to  circulate  between  the  parallel  conduc- 
tors due  to  the  dense  magnetic  field  cutting  the  coil. 
This  circulating  current  may  be  of  a  large  value  and 
cause  an  excessive  loss  and  prohibitive  temperatures 
unless  the  conductors  are  so  wound  that  all  parallel 
circuits  will  have  substantially  the  same  impedance 
and  thereby  eliminate  these  currents. 

The  mechanical  stresses  in  coils  of  this  kind, 
which  are  due  to  the  large  number  of  ampere  turns, 
should  not  be  overlooked  as  they  may  be  considerable. 
When  the  coils  are  built  in  a  cylindrical  form,  three 
factors  of  mechanical  stress  should  be  considered ; 
(a)  the  stress  tending  to  increase  the  diameter  of  the 
coil,  (b)  the  stress  tending  to  shorten  the  coil,  (c) 
the  stress  tending  to  pull  the  conductors  together.  The 
stress  under  (a)  is  radially  outwards  and  is  one  of 
tension  on  the  cable  of  which  the  coil  is  wound.    This 


flection  of  the  cable  is  partially  offset  by  the  stresses 
mentioned  in  (a)  which  tend  to  maintaiit  a  true  cylin- 
drical shape. 

It  will  be  seen  from  the  foregoing  tliat  from  the 
standpoint  of  economy  in  material  there  is  an  ad- 
vantage in  using  a  number  of  comparatively  small 
cables  in  parallel  in  the  construction  of  these  coils, 
provided   circulating  currents  can  be  prevented. 

In  Fig.  2  is  shown  one  of  three  current  limiting 
reactance  coils  for  use  with  a  21  100  k.v.a.,  three- 
phase  generator  which  has  a  normal  full-load  current 
per  lead  of  i  100  amperes.  The  coil  is  made  up  of 
seven  stranded  bare  copper  cables  connected  in  paral- 
lel. The  cables  are  so  wound  that  they  all  have  sub- 
stantially the  same  length  and  impedance,  which  en- 
tirely eliminates  circulating  currents.  The  cables  are 
wound  into  grooves  in  specially  prepared,  moulded 
fireproof  supports,  or  cleats,  as  shown  by  Figs.  2  and  3. 
A  number  of  these  cleats  can  be  seen  hanging  on  the 
tie  rods.     The  seven  cables  enter  the  coil  at  seven 
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equidistant  points  annuul  lliu  inner  peripliery  of  tlie 
bottom  layer.  The  first  cable  occupies  the  inner  cir- 
cumferential row  of  slots  for  one-seventh  of  a  turn, 
then  it  passes  out  to  the  second  row  of  slots  and  the 
second  cable  occupies  the  inner  row.    These  two  con- 


FIG.    2 — SINGLE    REACTANCi;    COIL 

One  of  three  for  use  with  a  21  100  k.v.a..  three-phase  gen- 
erator of  I  100  amperes  normal  full-load  current. 

tinue  in  this  position  for  the  second  seventh  turn  at 
the  end  of  which  they  step  outwards  one  more  row 
while  the  third  cable  enters  on  the  inner  row  of 
slots.  This  procedure  of  stepping  outwards  at  the 
end  of  every  one-seventh  of  a  turn  is  continued  until 
all  the  cables  have  been  entered.  When  the  outer- 
most cable  has  filled  the  last  outer  slot,  the  second 
level  of  cleats  is  dropped  down  and  this  outermost 
cable  is  carried  to  the  outer  row  of  slots  in  the  new 
layer  of  cleats.  It  is  wound  in  this  position  for  the 
next  one-seventh  turn  where  it  steps  inw-ard  one  row 
of  slots  making  room  for  the  second  cable  to  occupy 
the  outer  slots.  This  is  continued  until  all  cables  have 
passed  on  to  the  second  layer  of  cleats.  It  will  be 
noted  that  since  there  are  six  slots  in  each  cleat  and 


FIO.    3 — VIEW    SHOWING    .METHOIl    OF    WINinXG    RK.VCTAXCE    COILS 

seven  cables  being  wound,  the  first  cable  will  have 
entered  the  second  layer  before  the  last  cable  has 
started  on  the  first  layer.  However,  it  will  be  seen 
that  since  there  is  a  shift  from  one  circumferential 
row  of  slots  to  the  next  at  every  one-seventh  of  a 


turn,  each  cable  passes  through  exactly  the  same  dis- 
tance in  each  row  of  slots  in  each  layer.  Therefore 
the  number  of  slots  in  the  cleats  does  not  need  to  be 
a  multiple  of  the  number  of  cables  being  wound.  The 
winding  of  the  cable  is  continued  back  and  forth  in 
discoidal  or  pancake  layers  until  the  coil  is  complete, 
at  which  point  the  cable  will  terminate  on  the  inside 
of  the  last  layer,  since  there  is  an  even  number  of 
layers,  and  at  seven  equidistant  points  around  the 
inner  periphery  of  the  coil. 

The  maximum  voltage  between  adjacent  conduc- 
tors is  that  due  to  two  layers,  and  since  each  layer 
consists  of  six-sevenths  of  an  electrical  turn,  the 
voltage  is  equal  to  that  due  to  one  and  five-sevenths 
electrical  turns.  The  spacing  between  turns  and  be- 
tween layers  is  ample  for  this  stress. 

The  moulded  cleats  with  slots  into  which  the 
cable  is  wound  have  holes  in  each  of  their  ends 
through  which  brass  rods  covered  by  insulating  tubes 
are  placed  for  clamping  the  layers  securely  together. 


FIG.   4 — DETAIL   VIEW   OF   COIL   IN    FIG.    3 

On  the  top  and  bottom  of  each  tier  of  cleats  is  placed 
a  non-magnetic  metal  cleat,  shown  in  Fig.  2,  which  al- 
lows the  coil  to  be  clamped  tightly  together.  The 
moulded  cleats  between  layers  are  under  compression 
due  to  the  weight  of  tlie  coil  as  well  as  the  magnetic 
pull  tending  to  shorten  the  coil.  But  the  spacing  be- 
tween columns  of  cleats  is  sufficiently  close  so  that  this 
stress  is  provided  for  with  a  large  factor  of  safetv'. 
This  spacing  is  also  sufficiently  small  so  that  there  will 
not  be  any  appreciable  deflection  of  the  cable  between 
cleats  under  the  most  severe  rush  of  current  to  which 
the  coil  can  be  subjected  under  operating  conditions. 
The  stress  tending  to  deflect  the  cable  parallel  with 
the  axis  of  the  coil  may  sum  up  to  a  considerable 
value  at  a  point  one-half  way  up  the  coil,  but  this 
stress  is  an  accummulation  of  the  stresses  of  the 
turns  in  one-half  of  the  coil.  Since  the  turns  are 
self-supporting  between  cleats,  the  stress  on  any  in- 
dividual cable  is  small,  the  stress  being  transmitted 
through  the  cleats  to  the  center  of  the  coil.  The  mag- 
netic stress  tending  to  increase  the  diameter  of  the 
coil  is  much  greater  than  the  one  tending  to  shorten 
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the  coil.  This  stress  is  one  of  tension  on  the  cable. 
The  tensile  strength  of  copper  is  sufficient  to  resist 
this  stress  without  question. 

Since  the  magnetic  stresses  tend  toward  main- 
taining a  true  cylindrical  form  for  the  coil,  it  is  not 
necessary  to  brace  the  individual  coils,  either  on  the 
inside  or  outside.  It  will  be  noted  from  the  illustra- 
tions that  these  coils  are  free  from  all  massive  sup- 
ports, thus  giving  a  free  unobstructed  circulation  of 
air.  A  three-way  form  of  support,  shown  in 
Fig.  3  at  each  end  of  the  coil  serves  as  a  brace  or 
spreader  while  handling  the  coil,  and  also  serves  as  a 
support  for  the  terminals.  Two  brass  rods  pass 
through  the  opening  of  the  coil  and  are  supported 
by  porcelain  bushings  held  in  place  by  the  three-way 
support,  and  on  each  end  of  each  rod  is  provided 
a  line  terminal.  All  the  cables  at  one  end  of  the 
coil  are  connected  to  one  rod  by  means  of  interleaf 
connectors,   while  the  other   ends   of   the   cables   are 


connected  to  the  second  rod.  This  enables  the  coils 
to  be  installed  with  both  leads  at  either  the  top  or 
the  bottom  of  the  coil,  or  one  lead  at  the  top  and 
the  other  at  the  bottom.  The  coil  is  supported  on 
three  non-magnetic  castings,  each  of  which  spans 
four  tiers  of  cleats.  Into  these  castings  is  cemented 
three  liberally  designed  insulators  which  rest  on  me- 
tal pins  suitable  for  cementing  or  bolting  to  the  floor. 
Twelve  of  the  tie  rods  passing  through  the  cleats  are 
made  long  enough  to  engage  with  three  metal  plates 
into  which  eye  bolts  are  placed  for  convenience  in 
handling  the  coil. 

These  coils  under  normal  operation  give  a  rise 
in  temperature  of  less  than  50  degrees  C.  above  the 
surrounding  air.  There  is  no  inflammable  material 
used  in  their  construction,  so  that  temperatures  two 
or  three  times  the  above  value  can  do  no  harm  ;  there- 
fore these  coils  can  carry  more  than  200  percent  load 
continuously  without  dangerous  temperatures. 


The  Mechanical  Stresses  in  Reactance  Coils 


W.   M.   Dann 


A  STUDY  of  the  stresses  that  tend  to  cause 
physical  injury  to  connected  apparatus  is  in- 
teresting at  the  present  moment  when  much 
attention  is  being  given  to  the  prevention  of  trouble 
at  times  of  short-circuit.  The  value  of  air-core  cur- 
rent-limiting reactances  in  protecting  a  system  lies  in 
the  counter  e.m.f.  produced  by  a  large  leakage  field. 
However,  unless  space  considerations  will  allow  the 
placing  of  the  coils  outside  the  range  of  influence  of 
one  coil  upon  another,  it  is  this  very  field  that  creates 
the  stresses  which  are  the  subject  of  this  article. 
Their  efTects  will  be  considered  under  normal  condi- 
tions as  well  as  under  the  abnormal  conditions  of 
short-circuit.  It  is  the  aim  to  give  some  conception 
of  the  dimensions  of  these  stresses  as  they  are  not 
ordinarily  expressed  in  terms  of  actual  measurements. 
These  mechanical  stresses  are  of  two  kinds ;  first, 
the  internal  stresses  that  affect  the  parts  of  the  coils 
themselves,  and  second,  the  external  stresses  that 
aft'ect  adjacent  coils  mutually. 

The  portion  of  the  leakage  flux  from  one  coil 
which  threads  through  the  conductors  of  a  second 
coil  and  the  current  that  flows  in  these  conductors  are 
the  eft'ective  agents  that  produce  the  mechanical 
stresses.  Since  the  field  varies  directly  with  the  cur- 
rent, forces  of  attraction  and  repulsion  are  at  any  in- 
stant proportional  to  the  product  of  the  instantaneous 
currents  in  the  two  coils.  The  force  as  it  is  expressed 
in  pounds  is  a  measure  of  the  average  value  of  these 
instantaneous  products.  The  tendency  of  the  fields 
of  adjacent  coils  when  they  combine  is  to  adjust  con- 
ditions to  produce  less  reluctance  in  the  magnetic  cir- 
cuit if  possible.  If  two  coils  are  mounted  side  b}'  side 
in  the  same  plane  and  the  current  flow  is  opposite  in 
direction  through  them  at  a  given  instant,  the  fields 


will  at  that  instant  be  opposite  in  direction.  The  path 
of  the  combined  field  will  be  in  a  closed  circuit  up 
through  one  coil  and  down  through  the  other.  The 
reluctance  of  this  circuit  would  be  lessened  if  the 
length  of  the  path  were  shortened.  Therefore,  the 
tendency  is  for  the  two  coils  to  pull  together. 

If  the  currents  had  been  flowing  in  the  same  di- 
rection at  the  given  instant,  the  flux  would  have  had 
the  same  instantaneous  direction  through  the  coils 
and  the  return  path  would  have  been  between  the 
coils.  The  reluctance  of  this  part  of  the  circuit 
would  be  less  if  the  coils  were  further  apart,  giving 
the  magnetic  circuit  more  area.  Hence  the  tendency 
would  have  been  for  the  coils  to  separate.  If  two 
coils  are  mounted  one  above  the  other  with  axes 
coincident,  the  same  tendency  of  the  flux  to  lessen 
the  reluctance  of  the  magnetic  circuit  will  produce 
results  just  the  opposite  of  the  previous  case.  In 
other  W'Ords,  currents  flowing  in  opposite  directions 
through  the  coils  at  a  given  instant  will  produce  a 
force  of  repulsion  at  that  instant,  while  currents  flow- 
ing in  the  same  direction  will  produce  a  force  of  at- 
traction. These  instantaneous  conditions  of  attrac- 
tion and  repulsion  are  illustrated  in  Fig.  i.  It  is  obvi- 
ous that  the  mutual  forces  between  reactance  coils  in 
any. circuit  may  be  made  either  attraction  or  repul- 
sion by  adjusting  the  polarity  of  adjacent  coils.  Fig. 
2  shows  the  variation  of  the  instantaneous  mutual 
forces  between  adjacent  coils  connected  in  a  three- 
phase  circuit  with  the  instantaneous  currents  dis- 
placed 120  degrees.  Steady  balanced  conditions  and 
sine  waves  are  assumed  for  these  curves  and  the  curves 
in  Figs.  3  and  4.  The  shaded  waves  representing  the 
mutual  forces  are  obtained  by  multiplying  the  in- 
stantaneous   current   values.      The   waves   above    the 
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axis  indicate  repulsion,  since  they  are  formed  when 
the  currents  are  flowing  in  the  same  direction,  and 
waves  below  the  axis  indicate  attraction.  The  figures  in 
the  force  waves  arc  proportional  to  average  force.  For 
purposes  of  comparison  they  have  been  expressed  in 
terms  which  will  make  the  net  average  result  unity  for 
steady  balanced  conditions  in  a  three-phase  circiut. 
It  will  be  seen  that  the  net  result  for  this  connection 
is  a  force  of  attraction  between  coils.     This  will  be 


II  ^    '' v_y 


FIG.    I — DI.\GHAM   I.NDICATING  ATTRACTIVE  AND  REPULSm;  ACTIONS 
BETWEEN    ADJACENT   REACTANCE    COILS 

the  condition  for  coils  mounted  in  the  same  plane 
with  axes  parallel,  whether  they  are  in  a  straight  row 
or  in  an  equilateral  triangle  formation. 

With  the  middle  coil  reversed  as  in  Fig.  3,  the 
relative  instantaneous  currents  are  reversed,  which 
reverses  the  net  mutual  force  between  adjacent  coils. 

The  mutual  stresses  between  coils  A  and  B  with 
the  polarity  of  Fig.  2  when  they  are  connected  in 
series  across  a  phase  of  the  generator  are  shown  in 
Fig.  4.  This  presents  a  comparison  of  the  relative 
forces  between  three-phase  and  single-phase  short- 
circuit  conditions  with  a  constant  generator  voltage, 
as  the  total  impedance  in  the  circuit  is  assumed  to  be 
the  same   as    for   Fig.   2.     The   single-phase   current 


FIG.  2 — CURX'ES   OF   INSTANTANEOUS    MUTUAL  FORCES 

Coils  mounted  side  by  side  in  a  balanced  three-phase 
feeder  under  steady  normal  conditions.  Currents  in  coils  120 
degrees  apart.     Net  force  =  one  unit  of  attraction. 

(lowing  is  obtained  with  173  percent  voltage  impressed 
across  two  reactances,  producing  86.6  percent  of  the 
current  per  phase  of  Figs.  2  and  3.  There  are  no 
negative  loops  of  mutual  stress  in  this  case  because 
the  currents  are  always  in  phase.  The  shaded  wave 
will  be  found  to  show  50  percent  greater  force  of  at- 
traction than  in  the  case  of  the  three-phase  condi- 
tions. If  the  relative  polarities  of  A  and  B  had  been 
reversed,  as  in  Fig.  3,  this  force  would  be  repulsion. 


If  an  air-core  reactance  coil  is  located  near  an 
iron  column  or  is  mounted  directly  above  or  below  a 
floor  composed  of  magnetic  material,  the  flux  passing 
through  the  iron  causes  an  attraction  between  it  and 
the  coil.  Similarly,  if  a  coil  is  mounted  directly  above 
or  below  a  closed  metallic  loop  in  which  the  field  of 
the  coil  would  cause  a  circulating  current  to  flow,  the 
mutual   effects   between   the   field   of  this   circulating 


FIG.   3 — CONDITIONS   .•\S    IN   FIG.   2   EXCEPT  THAT  THE   POLARITY   OF 
THE   MIDDLE  COIL   IS    REVERSED 

Net  force  ^=  one  unit  of  repulsion. 

current  and  the  field  of  the  coil  would  result  in  repul- 
sion. Experiments  have  shown  that  for  the  same 
spacing  these  forces  are  of  much  smaller  magnitude 
than  the  mutual  stresses  between  coils.  From  the 
standpoint  of  stresses  they  are  unimportant  if  the 
spacing  between  coils  and  iron  is  the  same  or  even 
somewhat  less  than  that  between  coils. 

The  foregoing  paragraphs  deal  with  mutual 
stresses  under  steady  conditions.  At  the  time  of  a 
short-circuit,  the  transient  effects  disturb  the  rela- 
tions existing  under  steady  conditions.  They  can 
create    instantaneous    stresses    of    much    greater    in- 


FIC.  4 — CURVT.S  OF   INSTANTANEOUS    MUTU.\L  FORCES 

Between  reactance  coils  A  and  B  of  Fig.  2  with  the  gen- 
erator voltage  across  two  coils  in  series.  Forces  1.5  units  of 
attraction.  For  the  reversed  polarity  of  Fig.  3,  force  would 
be  i.s  units  of  repulsion. 

tensity  than  would  be  produced  by  tlie  final  steadv 
value  of  the  short-circuit  current.  Depending  upon 
the  point  at  which  the  short-circuit  occurs,  the  maxi- 
mum point  of  the  current  waves  may  be  almost  double 
the  steady  ctirrent  under  the  abnormal  conditions. 

Fig.  5  shows  curves  made  up  to  illustrate  the 
conditions  in  the  first  two  cycles  after  a  symmetrical 
three-phase  short-circuit  occurring  when  the  current 
in  one  line  is  zero.  They  are  made  up  of  sine  waves 
and  an  assumed  logarithmic  decrement,  and  on  the 
assumption  of  no  drop  of  voltage.  .\  similar  set  of 
curves.  Fig.  6.  shows  the  worst  conditions  of  stress 


2o6 


THE  ELECTRIC  JOURNAL 


with  a  single-phase  short-circuit  constructed  witli  the 
same  assumption  as  for  Fig.  5.  While  these  curves 
are  hypothetical,  they  give  an  idea  of  the  difference 
in  the  stress  conditions  under  normal  conditions  and 
during  the  transient  period.  They  represent  stresses 
so  much  greater  than  for  the  steady  conditions  that 
it  is  impracticable  to  present  them  to  the  same  scale. 


FIG.     S — DIAGRAM     INDICATING     FORCE     CONDITIONS     DURING     THE 
TRANSIENT   PERIOD   OF   SINGLE-PHASE   SHORT-CIRCUIT 

The  maximum  limit  of  mutual  stress  in  the  first 
cycle  of  the  transient  period,  with  a  symmetrical 
three-phase  short-circuit,  if  the  time-constant  of  the 
circuit  is  neglected,  is  four  times  the  stress  which 
would  occur  if  there  were  no  transient  effects.  If 
the  generating  equipment  were  of  infinite  capacity  so 
that  its  impedance  could  momentarily  be  neglected  in 
computing  current,  the  maximum  average  stress  thai 
could  be  produced  in  the  first  cycle  after  a  three- 
phase   short-circuit,   with   five   percent   reactances    in 

the  feeder,  would  be    av/'^'^f     or  i  600  times  the  av- 

\;>  %  ) 

erage  stress  of  the  normal  operating  conditions. 
Practical  considerations,  such  as  the  impedance  of  the 
generating  equipment,  and  the  time-constant  of  the  cir- 
cuit, which  affects  the  rate  of  coming  back  from  the 
transient  conditions  to  the  steady  conditions,  will  re- 
duce this   factor.     Loss  of  voltage  due  to  armature 


FIG.   6 — DIAGRAM   OF   FORCES   DURING  THE   TRANSIENT   PERIOD   OF   A 
BALANCED  THREE-PHASE   SHORT-CIRCUIT 

reactions  can  be  neglected  as  not  being  of  much  im- 
portance in  the  first  few  cycles  after  a  short-circuit 
and,  for  rough  comparative  purposes,  form-factor  of 
the  wave  can  also  be  neglected. 

Assuming  a  generating  station  with  a  normal 
capacity  of  60000  k.v.a.  made  up  of  three  20000 
k.v.a.,    1 1  000  volt,   three-phase   turbo-generators   of 


typical  design,  with  14  percent  "transient  reactance," 
and  still  neglecting  time-constant,  the  ratio  of  the  maxi- 
mum possible  average  stress  of  the  transient  condi- 
tions to  the  normal  average  stress  w'ould  be  reduced 
to  approximately  i  300.  Assuming  that  the  time-con- 
stant of  the  circuit  reduces  the  current  strength  ten 


FIG.   7 — CURVES  OF   MUTUAL   FORCES 

Forces  in  lbs.  between  two  adjacent  five  percent  reactances 
for  a  60  cycle,  200  ampere,  11  000  volt,  feeder  with  different 
spacings  between  axes. 

percent  in  the  first  cycle  after  the  short-circuit,  this 
ratio  would  be  further  reduced  to  roughly  i  000.  This 
is  the  ratio  used  for  the  data  in  Tables  I  and  II  re- 
ferring to  the  probable  maximum  stresses  for  a  three- 
phase  short-circuit  in  a  60  000  k.  v.  a.  system. 

The  average  mutual  stress  in  the  first  cycle  of 
the  transient  period  with  a  single-phase  dead  short- 
circuit  cannot  exceed  four  times  the  stress  which 
would  occur  if  there  were  no  transient  effects.     With 

five  percent  react- 
ances in  a  feeder 
connected  to  a  sys- 
tem of  infinite  ca- 
pacity, and,  neglect- 
ing t  i  m  e-constant, 
the  average  stresses 
at  such  a  time  could 
not  be  more  than 
1 600  times  the 
average  stress  of  the 
nor  mal  conditions. 
Cons  iderations  of 
generator  impedance 
and  time-constant  as 
before  will  bring 
this    ratio    down    to 
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FIG.  8 CURVES  OF   MUTUAL   FORCES 

Forces    in  lbs.  between   the   react- 


ance of  Fig.  7  mounted  one  above  roughly  I  COG  for 
the  other  with  axes  coincident.  ^^^  ^^^  ^^.^   ^j^. 

tion  assumed.  This  is  the  ratio  used  for  the  data  in 
Tables  I  and  II  referring  to  the  probable  maximum 
stresses  for  a  single-phase  short-circuit  in  a  60000 
k.v.a.  system.  It  must  be  realized  that  these  maximum 
limits  of  stress  are  momentary  and  that  they  decrease 
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very  rapidly  after  the  first  cycle,  as  shown  in  Figs.  5 
and  6. 

The  internal  mechanical  stresses  in  reactance 
coils  depend  upon  the  amount  of  current  flowing  and 
are  independent  of  spacing  between  coils.  While  the 
mutual  stresses  for  given  conditions  are  more  severe 
with  a  single-phase  short-circuit  than  with  a  three- 
phase  short-circuit,  the  internal  stresses  are  more 
severe  when  the  three-phase  short-circuit  occurs. 

The  curves  shown  in  Figs.  7  and  8  give  in  con- 
crete form  some  idea  of  the  mutual  forces  in  pounds 
that  exist  between  two  reactance  coils  under  differing 
conditions  of  current  and  spacing.  This  data  is  based 
on  careful  tests  made  with  reactance  coils  of  the  type 
shown  in  Fig.  3,  on  page  189  of  this  issue.  In  order 
to  eliminate  friction  during  the  tests,  a  coil  was  raised 
slightly  above  the  level  of  the  floor  and  was  sus- 
pended in  this  position  from  a  point  in  a  high  ceiling. 
Its  position  with  regard  to  a  second  coil  was  then 
fixed  by  properly  locating  the  second  coil.  The  posi- 
tion of  the  suspended  coil  with  no  current  flowing  was 


I — Reactance  coils  can  be  connected  in  a  three- 
phase  circuit  to  produce  forces  either  of  attraction  or 
repulsion.  The  mutual  inductance  between  adjacent 
coils  adds  to  this  self-inductance  of  the  coils  with  the 
connection  for  attraction,  but  the  gain  in  protection 
for  the  circuit  is  very  slight.  The  choice  of  polarity 
would  depend  upon  what  is  the  most  desirable  method 
of  bracing  in  the  particular  installation. 

2 — The  internal  stresses  cannot  be  modified  by 
methods  of  installing.  They  are  one-third  greater 
with  a  three-phase  short-circuit  than  with  a  single- 
phase  short-circuit. 

3 — The  force  per  ampere  of  single-phase  current 
is  double  the  force  per  ampere  of  three-phase  cur- 
rents displaced  120  degrees.  Since  the  current  for  a 
single-phase  short-circuit  is  86.6  percent  of  the  cur- 
rent for  a  three-phase  short-circuit,  the  mutual 
stresses  become  only  1.5  times  the  stress  in  a  three- 
phase  short-circuit. 

4 — The  forces  between  coils  due  to  normal  con- 
ditions and  even  the  momentary  forces  due  to  ordi- 


TABLE  I— N0KM.\1.  AND  SHORT-CIRCUIT  MTTIAL  FORCKS  BE- 
TWEEN TWO  ADJACENT  FIVE  PERCENT  REACTANCE.S  MOUNTED 
SIDE  BY  SIDE  ON  A  200  AMPERE,  11000  VOLT,  60  CYCLE  FEEDER 


TABLE    n-NOKMAL    AND    SHORT-CIRCUIT    MUTUAL    FORCE'^    BE- 
TWEEN   TWO    ADJACE.VT    FIVE   PERCENT   RKACTANCES.    MOUNTED 
ON  ABOVE  THE  OTHER,  ON  A  200  AMPERE,  11  000  VOLTS.  CO  CYCLE 
FEEDER. 


Spacing 

in 
incbes 
from 
center 

to 
center 

Tliree  Fbaae                                 Single  Phase 

Steady                                            steady  ! 

con-     jTransient  conditions       con-      Transient  conditions 
ditions                                         ditions 

„ ,    Maximum 

Normal     prot-aWe 
'OO.P";  force  in  lbs. 

rgisoo-f.^r 

amperes    generator 
lbs.  force    capacity 

Max- 
imum      Normal 
possible     1110  per- 
force ill     cent  Tol- 
Ibs.   with    lage  17.i 
inflnnte    amperes 
generat<ir  lbs.  force 
capicity 

Maximum 
probable 

force  In  lbs. 

with  00  00(1 
k.  V.  a. 

generator 
capacity 

Max- 
imum 

possible 

force  in 
lbs.  with 

inflnate 
t;enerator 

capacity 

35 
40 

45 
50 

1 

2 

1.33 

1.0 

0.67 

2000 

1300 

1000 

670 

2600          3 
1700           2 
1300         1.4 
870   jl    1.0 

3000 
2000 
1400 
1000 

4000    ! 
2600 
1800 
1450 

indicated  with  a  plumb-bob  and  mark.  Careful 
measurements  of  pull  were  then  made  when  the 
plumb-bob  indicated  the  position  of  no  current. 
Single-phase  current  with  a  wave  form  approximat- 
ing a  sine  wave  was  passed  through  both  coils  in 
series  to  eliminate  any  question  of  relative  currents 
in  the  two  coils  at  any  instant.  The  coils  used  were 
five  percent  coils  for  a  200  ampere,  1 1  000  volt,  60 
cycle  feeder  on  a  three-phase  system.  A  summary  of 
the  tests,  reduced  to  terms  of  normal  and  short-cir- 
cuit conditions,  appears  in  Tables  I  and  II. 

This  data  is  reasonably  accurate  for  the  normal 
conditions.  It  is  necessarilj'  very  appro.ximate  for 
the  short-circuit  conditions.  It  is  intended  to  indicate 
the  order  of  the  worst  stresses  to  be  expected,  with 
transient  conditions  favorable  for  large  stresses. 
Conditions  with  regard  to  the  point  of  the  waves  at 
which  short-circuits  occur  can  reduce  them  very  ma- 
terially and  their  severity  will  be  lessened  with  a 
smaller  generating  station  than  that  assumed. 

The  following  conclusions  may  be  drawn  from 
the  foregoing :— 


Three  Phase 

Single  Phase              1 

Spacing 

in 

inches 

from 

conductor 

to 
conductor 

Steady 
con- 
ditions 

Transient  conditions 

Steady  ! 

con-      Transient  conditions 
ditions                                        ' 

Normal 
100  per- 
cent vol- 
tage 200 
amperes 
lbs.  force 

Maximum 
probable 

force  in  lbs 

Kith  60  00( 
k.  V.  a. 

generator 
capacity 

Max- 
imum 
possible 
force  in 
lbs.   with 
infinate 
generator 
capacity 

iSTV*'^"^""'" 
wgll?;'  »"h  .wo«. 

iS^Tor^e  K«="-™'°' 
IDS.  lorce    capacity 

Max-    1 
Imum    1 
possible 
force  ill 
lbs.   with 
infinate  : 
generator 
capacity 

10 

12.5 

15 

1     '' 

4.5 
3.5 
3 
2.7 

4500 
3500 
3000 

2700 

5800 
4600 
3900 
3500 

«.8          6800 
5.2          5200 
4.5          4500 
4.0          4000 

8800 
6800    1 
6800 
5200 

narj-  short-circuits  are  inconsiderable  and  would  re- 
quire nothing  more  than  fastening  the  feet  on  the  floor. 

5 — The  worst  forces  due  to  short-circuits  occur- 
ring under  the  most  favorable  conditions  for  large 
stresses  should  be  provided  against  with  bracing  be- 
tween  coils. 

6 — The  maximum  possible  momentary  forces 
for  the  particular  coils  used  in  these  tests  indicate 
that  they  can  be  placed  side  by  side  W'ith  a  spacing 
as  small  as  40  inches  from  center  to  center  (one- 
third  the  diameter  apart)  without  encountering 
stresses  that  cannot  easily  be  taken  care  of. 

7 — The  ma.xinuim  possible  forces  with  the  coils 
placed  one  above  another  indicate  that  a  greater 
spacing  between  coils  is  necessary  on  account  of  the 
mutual  effects  of  the  more  intense  field  at  the  ends. 

8 — The  matter  of  spacing  depends  upon  the 
physical  dimensions  of  the  coils  and  the  ampere- 
turns  involved.  The  data  in  Tables  I  and  II  can  be 
regarded  as  typical  of  this  type  of  coil  for  approxi- 
mately the  same  duty,  but  not  for  an  unlimited  range 
of  size  and  capacity. 


The  Ventilation  of  Rotating   Electrical 

Apparatus 

R.  K.  Oilman 

THE  VENTILATION  of  rotating  electrical  machines  is  a  very  broad  subject,  as  it  involves  directly 
or  indirectly  all  the  features  of  the  design.  It  is  not  possible  in  a  short  article  on  the  subject  to  cover  the 
problem  completely,  and  thus  in  this  article  only  the  essential  factors  are  outlined  along  with  illustrations 
of  some  of  the  methods  employed  in  specific  cases. 


IN  any  conversion  of  energy  the  efficiency  of  trans- 
formation is  less  than  loo  percent.  In  an  elec- 
trical machine  this  difference  between  input 
and  output  is  converted  into  heat,  which  is  objection- 
able, entirely  aside  from  the  loss  of  efficiency,  on  ac- 
count of  its  possible  injurious  effects  upon  the  in- 
sulating materials  used  in  constructing  the  machine. 
\\hen  any  machine  has  reached  a  constant  tempera- 
ture rise,  the  heat  generated  inside  of  it  is  being  dis- 
sipated into  the  surrounding  medium  at  the  same 
rate  at  which  it  is  produced.  As  this  medium  is  air, 
the  problem  of  ventilation  presented  is  to  determine 
the  losses,  both  as  to  their  amount  and  location,  and 
then  to  provide  the  necessary  surfaces  properly 
located  and  the  necessar)-  volume  of  air  in  contact 
with  those  surfaces  to  dissipate  the  heat  produced  at 
any  point  without  exceeding  some  specified  tempera- 
ture rise  at  that  point. 

There  are  four  primary  elements  of  any  ma- 
chine : — First,  the  copper  conductors  provided  for 
carrying  the  currents ;  second,  the  magnetic  path  pro- 
vided for  the  flux ;  third,  the  materials  employed  to 
insulate  the  current  paths  from  the  magnetic  paths ; 
and  fourth,  the  framework  of  the  unit  which  is 
necessary  to  hold  the  rotating  and  stationary  parts 
of  the  machine  in  their  proper  relative  positions  and 
also  to  transfer  mechanical  forces. 

In  the  copper  circuits  there  are  PR  losses  due  to 
the  exciting  and  the  line  currents ;  also  there  may  be 
other  PR  losses  induced  by  the  action  of  either  the 
main  flux  or  the  leakage  flux  across  the  slots,  creat- 
ing local  currents  in  that  part  of  the  armature  con- 
ductor which  is  imbedded  in  tlie  iron.  In  machines 
with  open  slots  and  high  flux  densities  in  the  air-gap, 
this  local  loss  may  equal  or  even  exceed  that  due  to 
the  line  current.  Furtlier,  the  flux  produced  by  the 
magnetomotive  force  of  the  armature  conductors  in 
any  slot  creates  leakage  fields  of  a  variable  densit}' 
throughout  the  depth  of  the  slot,  and  these  fields  gen- 
erate eddy  current  losses  in  the  conductors.  These 
losses  may,  in  the  case  of  conductors  of  large  cross- 
section,  exceed  the  normal  PR  losses  of  the  line  cur- 
rent. Such  losses  can,  however,  be  prevented  to  a 
large  extent  by  laminating  properly  the  individual 
conductors  in  any  slot  and  also  by  transposing  the 
various  conductors  in  a  phase  group  so  as  to  equalize 
the  induced  voltages  due  to  the  leakage  flux. 

It  is  evident  that  in  machines  of  considerable 
width  of  core  these  extra  copper  losses  have  a  rela- 
tively greater  value  than  in  the  short  units  and  also 


that,  on  account  of  the  width  of  core,  it  is  more  diffi- 
cult to  dissipate  them. 

In  that  part  of  the  magnetic  circuit  which  is  sub- 
jected to  changing  flux,  there  are  hysteresis  losses  in 
the  iron  and  eddy  current  losses  in  local  circuits  in 
the  iron.  It  is  customar)^  to  break  up  the  path  of  the 
eddy  currents  by  laminating  the  iron  and  insulating 
the  laminations  from  each  other.  Eddy  currents  also 
exist  in  such  parts  of  the  machine  as  the  end  bells  and 
stationar}^  end  plates  or,  in  fact,  in  any  metal  part  of 
the  machine  which  is  exposed  to  changing  flux.  Even 
in  the  pole  faces,  ordinarily  considered  as  a  part  of 
the  magnetic  circuit  in  which  the  flux  is  stationary, 
eddy  currents  are  induced  by  the  pulsation  of  the  flux 
in  the  air-gap  caused  by  alternately  bringing  a  tooth 
and  then  a  slot  opposite  to  a  fixed  point  on  the  pole 
face.  These  losses  in  the  pole  faces  may  become 
considerable  if  the  pole  is  of  solid  material,  and  more 
especially  so  if  the  opening  of  the  slots  in  which  the 
armature  coils  are  located  is  relatively  large  com- 
pared to  the  air-gap.  There  are  also  losses  due  to 
friction  on  the  air  which  are  not  important  except 
in  the  case  of  large  machines  at  high  speed  where  a 
considerable  volume  of  air  is  set  in  motion  at  a  fairly 
high  velocity. 

The  metal  parts  of  a  machine  are  fairly  good 
conductors  of  heat  and  we  find  only  a  relatively  small 
heat  gradient  in  dift'erent  parts  of  the  same  continuous 
mass  for  short  distances,  but  the  introduction  of  in- 
sulating materials,  which  are  always  poor  heat  con- 
ductors, complicates  the  problem  of  heat  distribu- 
tion. The  insulation  of  an  armature  coil,  especially 
a  high  voltage  coil,  permits  a  very  considerable  dif- 
ference in  temperature  between  the  inside  and  out- 
side of  the  insulating  tube  before  any  appreciable 
heat  transfer  is  made.  The  insulation  used  between 
the  laminations  of  the  iron  also  retards  the  flow  of 
heat  from  one  plate  to  the  next.  In  fact,  for  the 
same  difference  in  temperature,  heat  can  be  trans- 
ferred about  ten  times  the  distance  within  the  plate 
that  it  can  be  transferred  across  plates. 

It  can  readily  be  seen  from  the  above  outline  of 
the  losses  and  their  distribution  that  there  is  a 
tendency  for  local  hot  spots  to  exist,  more  particularly 
in  machines  of  great  axial  length  and.  as  it  is  essential 
in  order  to  utilize  to  the  best  advantage  the  materials 
of  construction  to  equalize  the  temperature  rise  at 
^■arious  points  of  the  same  element,  special  provision 
has  to  be  made  to  provide  air  at  those  points  where 
heat  is  generated. 
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Three  cases  exist  in  any  niailiiiie  by  means  of 
which  air  can  be  brought  into  contact  with  the 
heated  parts : — First,  a  current  of  air  can  be  directed 
against  a  surface  as  in  the  case  of  the  stationary 
windings ;  second,  a  rotating  body  of  approximately 
cyhndrical  shape  creates  a  circulation  of  air  in  inti- 
mate contact  with  its  surfaces;  third,  air  may  be  con- 


FIG.     I — TYPICAL    OPEN    CONSTRUCTION 

Slow   speed,   direct-current   generator,   showing   simplicity 
of  vcnt'lation  for  such  machines. 

fined  to  definite  channels  and  sujiplied  at  the  neces- 
sary pressure  to  force  its  way  through  those  chan- 
nels, as  in  the  case  of  ducts  through  the  iron.  The 
laws  of  cooling  are  different  in  the  three  cases  and,  in 
fact,  no  general  law  can  be  given  for  any  particular 
case.  However,  all  three  ways  of  cooling  exist  in  al- 
most every  machine,  and  the  system  of  ventilation 
varies  only  in  the  extent  to  which  each  of  the  above 
methods  is  employed. 

The  above  roughly  outlines  the  problems  in 
ventilation  that  confront  the  designer,  and  it  is  obvi- 
ous that  if  it  were  possible  to  make  several  radically 
different  designs  for  a  given  rating  that  each  would 
present  a  different  problem  in  ventilation.  It  is  possi- 
ble, however,  to  indicate  quite  readil}-  the  class  of 
machine  which  is  most  difficult  to  ventilate.  If  a  given 
machine  is  considered  and  its  speed  doubled,  the  total 


FIO.    2 — nF.T.MI,    OF    FIELD    COIL    OF    CENER.\TOR    SHOWX    IN    FIG.     I, 
ILLUSTRATING  OPEN    CONSTRUCTION 

losses  would  be  approximately  doubled,  and  for  the 
same  current  per  conductor  it  would  be  possible  to 
get  double  the  output.  The  mass  of  the  material 
would  he  unchanged  and,  roughly  speaking,  there 
would  be  tv,'ice  the  loss  per  unit  of  material.  On  the 
other  hand,  keeping  the  same  speed  and  doubling  the 


length  of  the  machine,  it  is  again  possible  to  get  twice 
the  output,  and  there  would  be  approximately  twice 
the  losses.  Both  the  above  cases  would  be  more  diffi- 
cult to  ventilate  than  the  initial  machine,  the  first  on 
account  of  the  increased  loss  per  pound  of  material, 
and  the  second  on  account  of  the  difficulty  in  forcing 
the  air  to  the  center  of  the  machine.  A  little  consid- 
eration will  show  that  for  two  machines  of  approxi- 
mately the  same  efficiency  and  of  the  same  output, 
and  at  the  same  frequency,  but  designed  for  differ- 
ent speeds,  the  unit  of  highest  rotational  speed  will 
be  the  most  difficult  to  cool.  It  can  be  said  in  general. 
therefore,  that  the  problem  of  ventilation  grows  more 
difficult  with  increase  in  frequency,  in  output  and  in 
rotational  speed. 

The  methods  of  cooling  which  have  been  applied 
to  different  classes  of  machines  can,  perhaps,  be 
shown  best  by  a  few  examples  of  modern  machines. 
A  good  illustration  of  an  open  type  generator  is 
shown  in  Figs,  i,  2  and  3,  which  illustrate  a  direct- 
current  generator  arranged  for  connection  to  a  rela- 
tively slow-speed  engine.  The  construction  of  the 
stator  and  rotor  and  the  details  of  the  field  coils,  illus- 
trate in  an  excellent  manner  what  methods  can  be 
employed  to  allow  free  circulation  of  air  through  all 
parts  of  the  unit.     It  is  of  interest  to  know  that  the 


FIG.    3 — DETAIL    OF    OPEN    CONSTRUCTION    SELF-VENTILATED    ARMA- 
TURE   OF    GENERATOR    OF    FIG.    I 

output  per  pound  of  material  of  this  class  of  machine 
is  generally  limited  by  the  efficiency,  rather  than  by 
the  allowable  temperature  rise. 

The  same  general  features  of  construction  can  be 
employed  in  all  direct-current  generators  and  rotary- 
converters  of  normal  speed  and  output  because  this 
class  of  machine  is  always  of  relatively  short  core 
length  and  presents  naturally  ample  radiating  surface 
for  carrying  off  the  heat.  In  fact,  in  some  rotarv- 
converters  designed  for  low  voltage  and  consequently, 
having  a  large  number  of  poles  and  a  relatively  great 
diameter  compared  to  the  length  of  core,  it  is  desir- 
able to  reduce  the  windage  of  the  spider  by  enclosing 
the  openings  between  the  arms.  In  motor-generator 
sets,  especially  where  the  rotating  elements  of  the  two 
machines  are  close  together,  there  is  always  a 
tendency  for  one  unit  to  rob  the  other  of  air.  This 
results  generally  in  recirculating  the  air  between  the 
machines,  and  the  consequent  heating  of  those  parts 
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of  the  machine  adjacent  to  each  other.  Fig.  4  shows 
a  scheme  for  introducing  air  between  the  machines. 
Both  units  are  closed  on  the  rear  by  end  bells,  and  air 
taken  from  the  base  of  the  machine  is  supplied 
through  a  ventilator.  Fig.  5  shows  a  modification  of 
this  ventilating  arrangement  in  that  an  end  bell  is 
supplied  only  on   the   alternating-current   motor,   and 


FIG.   4 — METHOD    USED  TO   INTRODUCE   AIR  INTO   THE   TWO 
M.\CHINES    OF    A    M0TOR-GENER.\T0R    SET 

all  air  for. cooling  that  side  of  the  motor  has  to  be 
passed  through  the  spider. 

On  high  speed  direct-current  commutators,  espe- 
cially where  the  current  to  be  collected  is  large  com- 
pared to  the  radiating  surface  of  the  commutator, 
ventilating  vanes  are  frequently  supplied  at  the  outer 
end  of  the  commutator.  A  scheme  for  doing  this  is 
illustrated  in  Fig.  6. 

Alternating-current  generators  and  motors  can 
be  conveniently  divided  under  three  classes : — Engine 
tj'pe  or  slow-speed,  direct-connected  type  or  inter- 
mediate-speed, and  turbo-generators  or  high-speed 
units.  For  the  slow-speed  units,  the  usual  construc- 
tion does  not  dilTer  materially  as  regards  ventilation 
from  the  direct-current  machine  illustrated  in  Fig.  i. 
In  the  case  of  verj'  slow-speed  units  it  will  be  neces- 
sary occasionally  to  supply  simple  flat  blade  fans,  in 


FIG.    ; — A    MODIFICATION    OF    THE    SCHEME   OF   FIG.    4 

End    bell    on    alternating-current    side    only;    ventilation 
through  spider. 

order  to  stir  up  the  air  about  the  stationary  windings. 
For  the  intermediate  speeds,  the  outputs  increase  and 
also  the  axial  length  is  relatively  greater  compared 
with  the  pole  pitch  than  in  the  case  of  the  engine  type 
machines.  Pressure  fans  are,  therefore,  frequently 
necessarj'.  These  fans  force  the  air  into  chambers 
formed  by  enclosing  the  stator  with  solid  end  bells, 


and  in  these  chambers  the  air  is  circulated  around 
the  windings  and  afterwards  escapes  through  openings 
in  the  iron,  these  openings  ordinarily  consisting  of 
radial  ducts. 

F"or  turbo-generators  the  modern  trend  in  design 
is  towards  greater  capacity  per  unit,  and  the  use  of 
the  maximum  possible  speed  for  a  given  frequency. 
From  the  point  of  view  of  the  electrical  unit,  these 
high  speeds  are  not  economically  desirable,  but  the 
advantages  of  the  unit  as  a  whole  have  forced  their 
adoption  up  to  the  limits  of  the  safe  working  stresses 
in  the  material.  The  result  is  that,  in  general,  the 
core  of  the  turbo-generator  is  made  as  long  as  possi- 
ble, and,  consequently,  it  is  impossible  to  force  the  air 
to  the  hot  spots  of  the  machine  unless  the  unit  is  en- 
closed and  the  air  delivered  under  pressure.  In  gen- 
erators of  small  capacity,  this  air  can  be  taken  from 
the  room  and  discharged  back  into  the  room,  but  for 
the  larger  units  where  a  greater  volume  of  air  is  re- 
quired, it  is  usual  to  bring  the  air  from  some  clean 
source  through  a  duct  and  to  discharge  it  from  the 
machine  through  a  similar  duct.  Totally  enclosing 
the  machine  accomplishes  two  purposes : — First,  it 
insures  a  fresh  supply  of  air;  second,  it  reduces  the 
noise  attendant  on  moving  a  large  volume  of  air  at 
a  hieh  velocity. 


FIG.    6 — HIGH    SPEED   COMMUTATOR   \'ENTn,.\TI0N 

Showing  vanes  at  outer  end  of  commutator. 

It  is  of  interest,  before  considering  any  of  the 
details  of  ventilation  in  turbo-generators,  to  estimate 
the  volume  of  air  required  to  carrj'  off  the  heat  from 
any  machine.  The  weight  of  air  in  pounds  per 
minute  per  kilowatt  loss  for  an  average  temperature 
rise  of  7"  degrees  C.  of  the  air  is  given  by  the  equation, 

I  ^'?  X  lew  • 

— ^^ =  pounds  of  air  per  minute. 

The  volume  is  given  b}'  the  equation, 

Weight  of  air  x  ^Z? — i-  =  Volume  in  cu.  ft.  per  minute. 

22 

For  a  rise  in  temperature  of  25  degrees,  about 
70  cubic  feet  per  minute  per  kilowatt  loss  would  be 
required  if  the  air  vsxre  uniformly  heated.  As  this 
is,  however,  not  the  case,  it  is  customarj-  to  provide 
from  90  to  100  cubic  feet  of  air  per  minute  for  each 
kilowatt  loss.  As  an  approximate  figure,  it  is  usual 
to  estimate  from  3.5  to  5  cubic  feet  of  air  per 
minute  per  kilovolt-ampere  rating,  the  smaller  figure 
applying  to  large  machines.  A  20  000  k.v.a.  unit 
would  require  about  70  000  cubic  feet  of  air  per 
minute  on  this  basis,  and  actual  tests  show  that  be- 
tween 60  000  and  70  000  cubic  feet  of  air  per  minute^ 
are  required. 
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In  cooling  turho-generators,  there  are  two  gen- 
eral methods  of  providing  paths  for  the  air,*  the 
variation  being  principally  in  the  arrangement  of  the 
ducts  for  cooling  the  stator  iron.  One  method 
passes  the  air  into  the  end  hells,  around  the  coils  and 
thence  through  the  air-gap,  from  which  it  passes 
through  radial  ducts  in  the  iron  and  so  out  of  the 
machine.  This  scheme  is  limited  to  the  volume  of 
air  which  can  he  passed  through  the  air-gap.  Before 
the  cooling  air  reaches  the  iron  it  has  to  absorb  the 
loss  from  the  windings,  the  windage  and  friction 
losses  and  the  rotor  copper  loss.  It  is  evident  that 
there  will  be  some  difference  in  the  velocity  of  air 
through  the  different  ducts  in  the  stator,  and  also  that 
the  air  in  the  center  of  the  machine  is  likely  to  be  at 
a  different  temperature  from  that  on  the  end,  so  that 


FIG.    7 — SELF   VENTILATED    TURBO-GENERATOR 

One-half  end  bell  removed,  showing  inner  partition  wall 
and  fan. 

a  tendency  towards  local  hot  spots  in  the  iron  results. 
It  is  also  evident  that,  as  all  the  air  which  reaches 
the  iron  is  heated  before  it  comes  in  contact  with  the 
iron,  the  surface  of  the  iron  must  be  relatively  great 
in  order  to  allow  a  low  temperature  rise. 

Various  modifications  of  this  scheme  are  possi- 
ble and  have  been  tried;  first,  with  the  addition  of 
axial  openings  in  the  rotor;  second,  with  the  air  ad- 
mitted to  a  part  of  the  outer  diameter  of  the  stator 
punchings  and  forced  through  radial  ducts  down 
towards  the  rotor  and  thence  allowed  to  return  to 
the  outer  diameter,  the  path  of  the  air  being  twice 
across  the  depth  of  the  punching;  third,  with  the  air 
admitted  to  a  part  of    the    outer    diameter    of    the 


♦See  article  by   Mr.   B.   G.   Lanimc   in   the  Journal   for 
Feb.,  1913.  p.  12. 


Stator  punchings,  say,  the  upper  half  of  the  frame, 
and  allowed  to  pass  down  through  the  punchings  to 
the  bottom  of  the  machine  and  out. 

According  to  the  second  general  method,  the  air 
is  passed  through  axial  holes  in  both  the  stator  and 
the  rotor  and  discharged  through  a  central  duct  into 
the  frame.  A  possible  modification  of  this  second 
metliod  is  to  sub-divide  the  core  into,  say,  four  sec- 
tions and  to  supply  air  to  the  central  duct  through  a 
passage  provided  outside  of  the  stator  iron,  the  outlet 
from  the  central  ducts  being  through  axial  holes  both 
ways  from  the  center.  This  latter  scheme  has  not 
been  developed  to  any  considerable  extent  com- 
mercially, as  it  is  quite  liable  to  produce  uneven  cir- 
culation of  air  and  consequent  unequal  distribution 
of  temperature. 

Both  these  principal  schemes  of  ventilation  have 
their  advantages,  and  there  is  a  great  deal  of  differ- 
ence of  opinion  amongst  designers  as  to  their  relative 
merits.  The  latest  practice,  however,  especially  for 
large  machines,  seems  to  favor  the  axial  system  for 
two  principal  reasons : — First,  in  the  large  units  at 
the  higher  speeds  it  is  difficult  to  provide  the  neces- 
sary cross-section  of  path  to  carry  all  of  the  air 
necessarj^  to  ventilate  the  machine  through  the  air- 
gap  in  parallel,  perhaps,  with  axial  slots  in  the  rotor, 
without  making  the  air-gap  unduly  large  and  thus 
handicapping  the  design;  second,  the  radial  ventila- 
tion scheme  takes  up  more  length  along  the  shaft 
than  the  axial  scheme  and  so  increases  the  space  be- 
tween the  journals,  reduces  the  stiffness  of  the  rotor 
construction,  and  lowers  the  critical  speeds.  It  is 
very  desirable  to  keep  the  critical  speed  well  above 
the  running  speed  as  the  smoothness  of  operation 
depends  upon  this  factor.  The  necessity  for  keeping 
the  span  between  the  bearings  as  short  as  possible  is 
the  reason  why  it  is  often  necessary  to  provide 
separately  driven  external  fans  for  ventilating  the 
units  of  large  output  at  1  500  and  i  800  r.p.m. 

There  are,  however,  secondary^  advantages  of 
the  separate  fan  which  are  well  worth  considering. 
First,  might  be  mentioned  the  reduction  of  noise  due 
to  the  lower  tip  velocity  of  the  separately  driven  fan. 
This  reduction  of  noise  may  become  an  important 
factor  where  large  units  are  to  be  located  in  cities. 
Second,  the  use  of  a  separate  fan  permits  the  air  for 
cooling  the  generator  to  be  supplied  to  the  intake  at 
a  much  higher  velocity  than  for  a  unit  with  self- 
contained  blower,  since  it  is  essential  not  to  restrict 
the  intake  to  any  fan.  \\' here  the  air  has  to  be  brought 
to  turbo-generators  in  ducts,  the  problem  of  obtain- 
ing sufficient  cross-section  becomes  increasingly  diffi- 
cult with  increase  in  capacity  of  the  generator  and  a 
separate  fan  with  higher  velocit}'  of  air  to  the  gen- 
erator end  bells  would  often  be  necessary  for  this 
reason  alone. 

In  case  of  machines  with  self-contained  blower 
mounted  directly  on  the  shaft  it  is  necessary  to  limit 
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the  maximiun  velocity  of  the  air  entering  the  end 
bells.  It  is  customary  to  specify  that  the  intake  be 
of  sufficient  size  to  supply  not  less  than  four  cubic 
feet  of  air  per  minute  per  kilovolt-ampere  of  rated 
capacity  of  the  generator,  witli  a  pressure  droj)  not 
exceeding   one-quarter   ounce   per   square    inch    from 


FIG.    8 — VENTILATING    SYSTEM    USING    SEPARATE   FAN 

This  system  handles  60000  cu.  ft.  of  air  per  minute. 

the  outside  air  to  the  base  of  the  generator.  The 
velocity  of  the  intake  air  corresponding  to  the  above 
pressure  drop  varies  somewhat  with  the  length  and 
the  section  of  the  duct.  It  is  usual  to  allow  a  velocity 
of  I  000  feet  per  minute  for  volumes  of  air  up  to 
10  000  cubic  feet  per  minute,  1200  feet  per  minute 
velocity  up  to  30  000  cubic  feet  per  minute,  and  i  400 
feet  per  minute  velocity  up  to  45  000  cubic  feet  per 
minute.  By  the  use  of  special  fans  it  is  possible  in 
some  cases  to  raise  the  limit  of  pressure  drop,  and  in 
a  few  instances  ducts  have  been  built  requiring  a 
drop  as  great  as  one  and  one-half  ounces.  Such  a 
case,  however,  is  the  very  special  one  and,  in  gen- 
eral, would  be  considered  undesirable. 

On  the  other  hand,  the  use  of  the  separate  fan 
permits  of  much  higher  velocities  for  the  air.  As  an 
example  might  be  cited  the  case  of  a  fan  handling 
60000  cubic  feet  of  air  per  minute.  The  air  veloci- 
ties for  this  installation  were  2  200  feet  per  minute 
at  the  fan  intake,  3  500  feet  per  minute  at  the  dis- 
charge orifice  of  the  fan  and  2  500  feet  per  minute 
minimum  velocity  in  the  duct  leading  to  the  gen- 
erator, the  arrangement  being  as  shown  in  the  diagram 
Fig.  8. 

An  increase  in  the  use  of  ducts  for  admitting 
air  is  to  be  expected,  since  the  use  of  air  filters  is  the 
next  rational  development  in  connection  with  large 
machines,  it  being  obviously  less  expensive  to  keep 
the  dirt  out  of  a  machine  than  to  remove  it  after  it 


has  collected.  Especially  is  this  true  if  one  con- 
siders the  value  of  the  lost  time  while  the  unit  is 
being  cleaned  and  the  increased  factor  of  safety  in 
favor  of  the  machine  operating  with  clean  air. 

The  best  method  of  removing  dirt  from  the  air 
is  that  of  washing  it  out  with  water.  There  are 
several  air-conditioning  outfits  on  the  market  at  the 
present  time,  all  of  which  are  substantially  the  same 
in  principle.  A  chamber  is  provided  in  which  water 
in  the  form  of  mist  or  spray  is  mixed  with  the  air 
passing  through  the  chamber.  The  dirt  and  soluble 
matter  are  removed  from  the  air  by  the  water  and 
are  carried  off  to  a  filtering  plant  where  thev  are 
removed  from  the  water  which  is  recirculated.  The 
air  when  leaving  the  chamber  strikes  up  against  sur- 
faces called  eliminators  whose  function  it  is  to  remove 
the  unevaporated  moisture.  Tests  have  shown  two 
distinct  gains  in  air  thus  treated : — First,  it  has  been 
conclusively  proven  that  approximately  98  percent  of 
all  dirt  and  solid  matter  is  removed  from  the  air; 
and  second;  the  air  itself  is  reduced  in  temperature 
from  three  to  ten  degrees  C,  depending  on  its  initial 
temperature  and  humidity.  A  typical  installation  of 
an  air  washer,  a  ventilating  fan  and  inlet  ducts  is 
.'■hown  in  Fig.  8. 

In  this  particular  installation  the  power  house 
already  existed  and  and  some  of  the  space  limita- 
tions are  indicated  in  the  figure,  where  the  location  of 
existing  walls  and  girders  are  shown,  as  well  as  the 
limit  lines  for  the  removal  of  tubes  from  the  con- 
densers. It  will  be  noted  that  the  air  outlet  at  the 
bottom  of  the  generator  is  restricted  and,  in   fact,  a 
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FIG.    9 — TYPICAL    VENTILATING    ARRANGEMENT    FOR     STATIONS 
OF    LARGE    CAPACITY 

Showing  the  use  of  an  outlet  as  well  as  an  inlet  duct. 

part  of  the  discharged  air  was  allowed  to  escape  at 
the  top  of  the  machine.  A  second  installation  is 
shown  in  Fig.  9,  in  which  an  outlet  duct  is  supplied 
as  well  as  an  inlet  duct.  This  latter  construction  is 
the  usual  arrangement  adopted  for  modern  stations 
of  large  capacity. 


Conditioning  Air  for  Generator  Ventilation 

W.  W.  Stevenson 

THE  FOLLOWING  article  describes  the  air-conditioning  apparatus  used  for  cooling  and  cleaning  the 
air  supplied  to  tzuo  6000  k.v.a.  turbo-generators.  At  the  present  time  the  apparatus  is  new,  having  been  in 
service  onlv  a  few  months,  but  on  account  of  the  fact  that  it  is  steadily  maiiilaining  the  advantage  which 
was  very  apparent  from  the  beginning,  it  is  believed  that  its  record  is  established. 


TWO  6000  kilovolt-ampere  generators  supply 
power  for  manufacturing  purposes  in  a  plant 
where  the  heaviest  loads  always  occur  during 
the  day  time  and  where  the  average  load  throughout 
the  year  is  fairly  constant.  Outside  temperatures  as 
high  as  90  to  95  degrees  F.  are  common  during  sum- 
mer months,  and  zero  weather  is  not  uncommon  in 
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FIG.  I — DIAGRAM  SHOWING  COMPLETE  EQUIPMENT  L.WOUT 
USED  IN  HUMIDIFYING  .\ND  TRANSMITTING  OF  AIR  FOR 
COOLING   PURPOSES 

winter,  while  the  humidity  varies  over  a  wide  range. 
Moreover  the  extreme  of  high  temperature  and  drj' 
air  occurs  during  the  day  when  the  load  is  greatest, 
and  that  of  low  temperature  and  air  most  nearlv 
saturated  occurs  at  night  when  the  load  is  lightest. 
These  are  clearly  not  the  most  favorable  conditions 
for  supplying  air  for  cooling  generators,  although  the 
average  outside  temperature  throughout  the  year  is 
somewhat  lower  than  the  average  temperature  of  in- 
side air.  These,  among  other  considerations,  resulted 
in  the  decision  to  use  inside  air  at  an  average  tempera- 
ture of  about  70  degrees  F.  instead  of  air  drawn  from 
the  outside.  Two  air  washers  serve  the  generators, 
and  are  connected  thereto  by  a  single  duct,  allowing 
the  use  of  either  or  both  washers  on  either  or  both 
generators. 

Cooling  the  air  is  only  one  of  the  necessary 
operations  to  be  performed,  the  other  being  to  remove 
dust  particles  which  would  otherwise  be  carried  into 
the  generator  to  lodge  there.  It  is  necessary  under 
any  conditions  to  remove  the  end  bells  occasionally 
and  thoroughly  clean  the  windings  of  the  machines, 


but  this  means  an  outlay  of  considerable  time  and  ex- 
pense, making  it  very  desirable  to  have  the  intervals 
between  cleaning  as  long  as  possible.  In  this  case 
where  it  was  formerly  necessary  to  shut  down  and 
clean  the  generator  once  in  four  to  six  months  at 
least,  the  addition  of  the  air  washing  outfit  makes  it 
unnecessary  to  clean  them  more  often  than  once  in 
a  year  or  over,  giving,  in  consequence,  a  decided  sav- 
ing in  operator's  time  and  period  of  shut-down.  The 
spray  of  water  in  the  washers  is  ver}-  effective  as  an 
air  washer,  but  is  is  by  no  means  perfect,  as  particles 
of  an  oily  nature  or  oily  vapors,  which  are  not  readily 
removed  in  the  washer,  are  constantly  floating  in  the 
air.  This,  of  course,  constitutes  only  a  small  part  of 
the  impurities  which  would  otherwise  pass  into  the 
generators,  as  is  evidenced  by  the  large  amoimt  of 
sediment  which  is  periodically  removed  from  the  set- 
tling tank. 

Referring  to  Fig.  i,  air  is  drawn  through  the 
washers  by  fan  blades  on  the  generator  rotor  and 
forced  out  through  ventilating  slots  in  the  armatures 
as  indicated.  It  enters  the  washer  through  ex- 
panded metal  screens  and  passes  through  baffle  plates 
which  serve  to  check  the  spray  of  water  which  is  di- 
rected against  them.  Rolls  of  metallic  curtains  can 
be  pulled  down  to  close  off  the  intake  in  case  a 
washer  is  out  of  sen-ice   for   repairs    or    otherwise. 


FIi.     J    -A   VUW    IMMiATINC  THE   .\PPE.\R.\NCE  .\ND  CONSTRUCTION 
OF  THE  ELIMINATORS* 

The  spray  of  water  during  normal  operation  is  carried 

backward  by  the  inrushing  air  until  it  comes  into  con- 
tact with  another  set  of  baffle  plates  called  eliminators. 
These  eliminators,  Fig.  2,  free  the  air  of  all  w-ater 
which  might  otherwise  be  carried  into  the  air-duct 
unabsorbed.     Provision  is  made  for  flooding  the  baffle 


*Figs.   2   and   5   furnished   through   the   courtesy   of   the 
Carrier  Air  Conditioning  Company,  of  New  York  City. 
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plates  to  insure  a  wet  surface  for  contact  with  the  air 
and  to  wash  away  any  accumulation  of  dirt. 

The  spray  nozzles  used  are  very  simple  and  ef- 
fective, the  spray  being  produced  by  the  whirling 
action  of  water  led  tangentially  into  a  circular  cham- 


FIG.   3 — REAR   VIEW  OF    HUMIDIFIERS    SHOWING   AIR    DUCTS   LEAD- 
ING   FROM    HUMIDIFIERS    TO   TURBINE   ROOM    BELOW 


humidity  to  95  percent  or  lower.  The  entire  process 
of  humidifying  is  completed  in  slightly  over  one  sec- 
ond, this  being  the  time  required  for  the  air  to  pass 
through  the  aijparatus.  During  the  passage  through 
the  washer  there  is  little  or  no  appreciable  drop  in  air 
pressure. 

The  ducts  connecting  the  washers  and  gener- 
ators are  provided  with  several  doors  at  which  the 
air  can  be  examined  at  any  time,  on  its  passage  to  the 
generators,  to  determine  its  temperature,  humidity  or 
cleanliness.  The  connection  to  the  generators,  as 
shown  in  Fig.  i,  is  at  the  bottom  of  the  end  bells, 
where  the  air  finds  its  way  through  and  around  the 
ends  of  the  armature  coils  to  the  fan  blades,  whence 
ii  is  forced  into  the  air-gap  and  out  at  the  ventilating 
'lucts  in  the  laminations. 

Since  the  speed  of  the  fan  on  the  generator  rotor 
is  constant,  it  is  fairly  accurate  to  assume  that  equal 
volumes  of  air  pass  the  washer  in  a  certain  time,  under 
all  conditions  of  loads.  Also,  since  the  water  used  for 
humidifying  and  cleaning  is  circulated  over  and  over 
again,    only   enough    being   supplied   to    replace    that 


ber  from  which  it  is  expelled  through  a  circular  ori- 
fice at  the  center.  Fig.  4  shows  the  mechanical  con- 
struction of  this  general  type  of  spray  nozzles.  As 
the  spray  nozzles  are  very  essential  features  of  the 
washers  it  is  important  that  they  do  not  become 
clogged  or  otherwise  demand  attention.  Ample  pro- 
vision is  made  to  prevent  clogging  by  using  strainers 
in  the  pump  discharge  line  near  the  washers  and 
by  preventing  sediment  from  entering  the  pump  suc- 
tion. In  another  type  of  apparatus  provision  is  also 
made  for  flooding  the  nozzles.  The  pumps  shown  in 
Fig.  5  are  located  on  the  turbine  room  floor  below  the 
washers,  and  maintain  a  pressure  of  about  35  pounds 
at  the  spray  nozzles.  Each  has  a  capacity  sufficient  to 
supply  both  washers,  although  at  a  slightly  reduced 
pressure.  The  bodies  of  the  washers  are  provided  with 
glass  doors,  and  incandescent  lamps  inside,  making  it 
an  easy  matter  to  examine  the  sprays  or  other  vital 
parts  at  any  time.  Pressure  gauges  and  permanent 
thermometers  are  provided  so  that  the  washers  can  be 
operated  to  the  best  advantage. 


FIG.    4 — SECTION.\L   VIEW   OF    HUMIDIFIER    SPR.W    NOZZLE 

It  is  by  no  means  a  difficult  matter  to  obtain  air 
almost  entirely  saturated  after  passing  through  the 
washers,  but  extreme  weather  conditions,  lack  of 
pressure  at  the  spray  nozzles,  and  insufficient  flooding 
of  the  eliminators  mav  combine  to  reduce  the  relative 


FIG.    5 — MOTOR-DRn'EN    CENTRIFUGAL   PUMPS    USED    FOR   CIR- 
CULATING   WATER    THROUGH    THE    HUMIDIFIERS 

carried  away  in  the  form  of  water  vapor,  we  may,  for 
mathematical  simplicity,  consider  the  temperature 
changes  in  the  washer  due  entirely  to  changes  in 
humidity.  Assuming,  therefore,  a  cubic  foot  of  air 
at  70  degrees  F.  and  35  percent  saturated,  we  may 
represent  its  temperature  and  humidity  by  the  point 


A.  Fij 


Passing  this    air    through    the    washer 


its  relative  humidity  increases  along  the  line  AB,  due 
to  the  addition  of  moisture,  until  at  B  it  has  a  relative 
humidity  of  95  or,  in  other  words,  is  95  percent  satu- 
rated ;  while  its  sensible  temperature  has  decreased  to 
55  degrees.     Assuming  further  that  the  point  B  rep- 


*In  plotting  the  values  of  temperatures,  humidity,  total 
heat  and  all  the  properties  of  moist  air  as  they  appear  in 
Fig.  6.  free  use  was  made  of  the  psychrometric  charts  com- 
piled bv  Mr.  William  H.  Carrier,  in  Vol.  33  of  the  Transac- 
tions of  the  .\merican  Society  of  Mechanical  Engineers. 
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resents  the  temperature  and  humidity  of  the  air  as  it 
enters  the  generator,  the  line  BC  shows  the  decrease 
in  relative  humidity  due  to  its  rise  in  temperature  in 
passing  through  the  generator.  In  this  case  the  air 
is  shown  leaving  the  generator  at  130  degrees  F.  and 
10  percent  saturated,  as  indicated  by  the  point  C. 
Had  the  same   cubic    foot   of   air  not  been   passed 
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FIG.  6 — CHART  SHOWING  RELATION  BETWEEN  RELATIVE  HU- 
MIDITY AND  TEMPERATURE  AND  RELATION  BETWEEN  TOTAL 
HEAT  AND  TEMPER.\TURE 

Indicating  a  complete  heat  cycle  for  a  cubic  foot  of  air 
in  its  passage  through  the  humidifier  and  generator. 

through  the  washer,  the  relations  of  its  temperature 
and  humidity  would  be  indicated  by  the  line  AD. 

Although  there  is  no  important  mathematical 
significance  in  these  changes,  it  is  well  to  note  that  air 
as  it  enters  the  generators  at  the  point  B  is  not  to  be 
considered  as  carrying  with  it  a  quantity  of  water,  but 
rather  as  a  perfect  mixture  of  air  and  water  vapor. 
If  for  any  reason  a  particle  of  water  were  to  find  its 
way  into  the  generator,  the  tendency  would  be  for  the 
air  to  absorb  it,  as  indicated  by  the  rapid  decrease  in 
saturation  along  the  lines  BC  and  AD.  It  is  to  be 
further  understood  that  the  same  weight  of  water  in 
the  form  of  water  vapor  in  grains  per  cubic  foot 
passes  out  at  C  as  enters  the  generator  at  B,  except 
for  the  slight  variation  of  air  volumes  due  to  increase 
in  temperature. 

As  the  heat-carrying  capacity  of  the  air  is  the 
really  important  consideration,  the  same  subic  foot 
of  air  may  be  taken  whose  temperature  and  humidity 
is  represented  by  the  point  A,  Fig.  6,  and  it  will  be 
noted  that  its  total  heat  above  32  degrees  F.  is  1.7 
B.t.u.,  as  indicated  by  the  point  E.  It  was  assumed 
in  the  beginning  that  no  heat  was  added  by  the  water, 
as  it  requires  only  a  few  grains  to  completely  saturate 
a  cubic  foot  of  air,  and  since  there  is  no  heat  transfer 


involved  in  adding  water  vapor  to  air  when  both  air 
and  vapor  are  at  the  same  temperature,  a  horizontal 
line  from  E  to  F  will  represent  the  passage  of  the  air 
through  the  humidifier.  The  ability  of  the  mixture 
to  contain  heat  has  increased  during  the  process  until, 
when  its  temperature  is  again  brought  up  to  70  de- 
grees F.,  its  total  heat  has  increased  to  1.9  B.t.u.,  as 
represented  by  the  point  K.  The  line  FKG  shows  the 
increase  in  total  heat  per  cubic  foot,  with  increase  in 
temperature,  as  the  air  passes  through  the  generator. 
Had  it  not  been  humidified  its  increase  in  total  heat 
would  be  indicated  by  the  line  EH. 

The  line  KL  is  an  arbitrary  one  drawn  from  the 
point  K,  parallel  to  EH,  to  show  that  the  difference 
in  the  heat  carrying  capacity  of  the  air  before  and 
after  humidifying  gradually  increases  as  the  tem- 
perature increases.  The  two  conditions  governing 
this  characteristic  are  temperature  and  relative 
humidity.  If  the  relative  humidity  were  constant,  the 
heat  carrying  capacity  would  rise  very  rapidly  with 
increase  in  temperature.  On  the  other  hand,  in- 
crease in  temperature  decreases  the  weight  of  a  unit 
volume  of  air  which,  taken  alone,  would  mean  a  de- 
crease in  heat  carrying  capacity.  The  two  combine 
in  a  way  such  as  to  give  the  values  as  shown  on  the 
curve. 

The  advantage  of  the  humidifier  or  washer  from 
this  point  of  view  may  be  summed  up  in  the  statement 
that  if  the  generator  is  carrying  a  load  such  that  the  air- 
leaving  it  is  at  a  temperature  of  130  degrees  F.,  then 
32  percent  more  heat  is  being  carried  away  than 
would  be  carried  away  had  the  air  not  been  humidi- 
fied. The  32  percent  is  the  ratio  between  the  lines 
HG  and  CH.  The  advantage  from  the  standpoint  of 
the  operating  man  is  that  for  the  same  temperature 
rise  he  can  increase  the  load  which  the  generator  can 
carry  when  using  humidified  air  above  that  when 
using  the  same  air  not  humidified.  It  is  not  within 
the  province  of  this  article  to  state  the  theoretical  in- 


FIG.    7 — APPARATUS    USED   IN   DETERM  liE  VOLUME,  PRES- 

SURE,   TEMPERATURE    AND    UUillUlTV    OF    AIR 

crease  in  capacity  obtainable  in  this  way.  Suffice  it  to 
say  that  the  electrical  equivalent  of  the  heat  value 
HG  under  actual  operating  conditions,  is  103  kilo- 
watts on  each  of  the  6000  k.v.a.  machines  described. 
This  means  that  additional  load  can  be  carried,  up  to 
the  point  where  the  additional  losses  caused  by  this 
load  amount  to  103  kilowatts,  with  the  same  ultimate 
temperature. 


The  Production  Problem  in  the  Foundry  and 

Machine  Shop  Industry 
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Industrial  Engineering  Company,  Pittsburgh,  Pa. 

THE  I-OLLOVVlNii  ARTICLE  zinll  be  especially  interesting  to  men  in  the  operatiny  and  ne-jj  business 
departments  of  clectrie  pozccr  companies.  It  shozi's  the  economic  situation  now  confronting  the  foundry 
and  machine  shop  industry  and  hozc  purchased  power  affords  a  means  of  solving  many  of  their  problems. 


■ANUFACTURERS  operating  foundries  and 
macliine  shops  have  the  same  difficult  prob- 
lems before  them  that  exists  in  nearly  every 
industry,  namely,  to  keep  the  increase  in  the  capital 
account  consistent  with  the  increase  in  production. 
In  the  United  States  during  the  past  ten  years,  the 
capital  required  has  increased  at  a  greater  rate  than 
the  production.  The  result  has  been  a  considerable 
reduction  in  the  profits.  For  instance,  in  1903  the 
profit  upon  the  capital  averaged  17  percent,  while  in 
1913  it  averaged  only  11  percent.  These  figures  repre- 
sent the  gross  profit  upon  the  capital  and  do  not  in- 
clude the  fixed  charges  the  industry  has  to  carry.  If 
these  charges  were  deducted,  the  profit  would  be 
much  less.  So  the  most  important  question  is — how  to 
increase  the  production  with  but  a  slight  increase  in 
the  capital.     A  greater  output    will    produce    larger 

TABLE  1— THE  FOUNDRY  AND  MACHINE  SHOP  INDUSTRY- 
ALL  ESTABLISHMENTS 


Item 
No. 


Item 


No.  estal)lishment8«.... 

Capital 

Primary  horsepower . 
Value  oi  products 


Cost  Items 


Materials  , 

Wages 

Salaries 

Miscellaneous  expenses.. 

Total  cost   

Total  profit  

Percent  profit  on  capital. 

No.  wage  earnera 

No.  salaried  emplo.vees  .. 
Av.  salary  p-^r  sal.  emp.  .. 
Wage  per  wage  earner 


11180 

$S06  902  401 

4fi3  231 

$S33  627  841 


$371  3S5  000 

221  653  000 

41  il91  000 

.')7  295  000 

695  224  000 

137  401  000 

17 

436  293 

35  743 

?117o 

515 


Percent 

Increase  or 

Decrease 


13  414 
$1  5)3  558  607 
889  212 
$1  281  053  730 


552  431  000 

328  369  000 

100  173  000 

129  336  000 

1  110  309  000 

170  743  000 

11 

542  587 

77  794 

J1287 

605 


20.  + 

91.5  + 

96.  + 

53.8  + 


48.  7+ 

46.     + 

138.     + 

125.     + 

59.     + 

24.5  + 

54.5  — 

24.3  + 

117.     + 

9.65+ 

17.  4+ 


profits.     The  total  value  of  the  product  will  not  only 

be  increased  but  the  cost  per  unit  manufactured  will 

be  less,  and  therefore  the  profit  will  be  greater. 

The  object  of  this  paper  is  to  show : — 

I — The   general    condition   of    the    foundry    and    tna- 

chine  shop  industry   of  today. 
2 — A  way  to  obtain  a  greater  production. 
3 — The  effect  of  increased  output  upon  the  profits. 

The  data  pertaining  to  this  industry  is  worked  up 
from  the  United  States  census  reports.  It  includes  all 
industries  operating  foundries  and  machine  shops,  ex- 
cepting those  manufacturing  a  distinctive  product, 
such  as  cash  registers,  calculating  machines,  sewing 
machines,  automobiles,  electrical  apparatus,  etc.  The 
data  pertains  more  specifically  to  general  jobbing 
foundry  and  machine  shops  and  those  manufacturing 
products  such  as  steam  and  gas  engines,  gas  and  water 
meters,  bells,  hardware,  plumbers'  supplies,  saddlery, 
hardware,  steam  fittings,  structural  iron  work,  etc. 


GENERAL   CONDITIONS 

The  general  conditions  of  the  industry  as  a  whole 
is  indicated  by  Table  I,  which  includes  the  total  num- 
ber of  establishments,  capital,  value  of  products,  cost 
to  manufacture  and  general  details.  This  table  shows 
that  the  number  of  establishments  (item  /)  increased 
20  percent  and  that  competition  in  all  lines  became 
greater.  The  value  of  the  products  in  1913  exceeds 
one  and  one  quarter  billion  dollars,  this  industry  tak- 
ing second  place  in  the  value  of  its  products.  It  is 
interesting  to  note  that  wages  (Item  15)  were  in- 
creased 17  percent  in  ten  years  while  salaries.  Item 
14),  were  increased  only  9.65  percent. 

Table  II  is  an  analysis  of  Table  I,  the  details  be- 
ing worked  out  to  show  the  number  or  value  per 
establishment.  It  shows  that  the  capital  increased  59 
percent  in  ten  years  and  the  primary  horse-power  in- 

TABLE  II— FOUNDRY  -VND  MACHINE  SHOP  INUUSTKY  ON  A  PER 
ESTABLISHMENT  BASIS 


Item 
No. 


Percent 

Increase  or 

Decrease 


Capital 

Primary  horse  power  . 
Value  of  products 


Cost  Items 


Materials  

Wages 

Salaries 

Miscellaneous  items 

Total  cost 

Total  profit 

Percent  profit  on  capital.. 

No.  wage  earners 

No.  salaried  employee*... 


S72  174 

40.6 
874  475 


$33  219 

20  085 

3  756 

5  120 

62  l.SO 

12  295 

17 


$115070 
66 

95  501 


$41183 

24  479 

7  466 

9  642 

82  770 

11371 

11 

40 

6 


63.  .* 

28  24 


24.  + 
21.9+ 
99.  + 
88.  + 
33.  + 

3.5+ 
64.5— 

2.5+ 
100    + 


creased  63  percent.  The  latter  figure  shows  that  most 
of  the  new  capital  was  spent  for  improvements.  The 
increase  in  the  primary  horse-power  denotes  that  more 
and  heavier  machinery  was  installed.  To  drive  this 
additional  machinery  required  increased  capacity 
in  power  plants.  Such  improvements  are  expensive 
and  must  have  taken  much  of  the  new  capital. 

The  value  of  products  increased  28  percent  and 
the  capital  59  percent.  This  shows  conclusively  that 
in  the  average  establishment  the  capital  increased 
faster  than  the  production.  The  resulting  effect  of 
this  is  shown  in  the  percent  profit  which  decreased 
from  17  percent  in  1903  to  11  percent  in  1913.  Al- 
though the  production  increased  28  percent,  the  num- 
ber of  wage  earners  increased  only  2.5  percent,  in- 
dicating that  tlie  manufacturers  installed  machinery 
which  was  more  efficient  and  required  less  labor. 

The  results  of  the  complications  of  modern  busi- 
ness are  shown  in  that  the  number  of   salaried  em- 
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ployees,  ( Item  IJ),  iiicrea.sed  100  percent:  as  the  busi- 
ness became  greater  it  became  more  complicated  and 
needed  more  office  help  to  transact  it. 

Table  III  gives  the  details  from  the  former  table 
for  each  $100  worth  of  goods  manufactured  per  year. 
The  evil  of  increasing  the  capital  at  a  greater  ratio 
than  the  production  is  clearly  shown.  For  instance, 
in  iyo3  there  was  $97  capital  invested  for  each  $100 
worth  of  goods  i)roduced  per  year;  ten  years  after- 
wards $120.48  capital  was  needed  to  produce  the 
same  out])ut.  In  other  words,  the  earning  power  of 
the  capital  became  less. 

Although  Table  I  shows  that  the  average  wage 
earner  receives  more  money  than  formerly,  never- 
theless, wages  per  unit  of  production  decreased  5.2 
percent.  There  are  two  reasons  for  this — more  effi- 
cient machinery  and  more  intelligent  labor.  The  cost 
of  materials  decreased  3.4  percent. 

In  Table  W  is  shown  the  profit  earned  upon  the 
capital.  In  1903,  $103  worth  of  goods  was  produced 
for  each  $100  capital  invested  and  in  191 3  only  $84 
worth  was  produced.     The    effect    of    the    ratio    of 

TABLE  m— FOPXDRY  .VXD  M.\CHINE  SHOP  INDUSTRY  OX  X  $100 
VALUE  OF  PRODUCT  B.\SIS 


Item 
No. 

Item 

1903 

1913 

Percent  1 

Increase  or 

Decrease  | 

1 

2 

3 
4 

h 
6 

7 

8 

Capital 

S97.C0 

44.00 

26.% 

6.04 

6.88 

83.48 

16.52 

17 

S120.4S 

43  12 
25.63 
7.82 
10.09 
86.66 
13.31 

11 

24.2^ 

3.2— 
5  2— 

57.2 -r 

46.7+ 

3.8^ 

23.9- 

51.5— 

Cost  Items 
Materials. 

Wages 

Salaries 

Total  cost 

Total  prolit- 

Percent  profit  on  capital. 

capital   to  production   is   shown   in    the   gross   profit, 
which  decreased  49.3  percent. 

HOW  TO  INCRE.\SE  PRODUCTION 

A  number  of  manufacturers  have  been  able  to 
increase  their  production  through  "Scientific  Manage- 
ment," that  is,  they  obtain  a  greater  output  by  increas- 
ing the  individual  workman's  efficiency  and  through 
a  shop  system  arranged  for  their  peculiar  needs.  The 
principal  disadvantage  of  this  method  is  that  it  takes 
several  )-ears  to  train  the  men  and  get  the  system  into 
working  order,  all  of  which  is  very  expensive.  An- 
other serious  weakness  of  this  method  is  that  during 
business  depressions,  or  when  there  is  a  plentiful  labor 
supply,  the  average  shop  efficiency  will  be  high,  while, 
when  business  is  good  and  labor  scarce,  the  shop  effi- 
ciency will  be  lowest.  The  reason  for  this  is  that 
when  there  is  an  abundant  supply  of  labor,  the  man- 
agement can  be  very  careful  in  the  selection  of  their 
men,  so  that  the  personnel  of  the  organization  will  be 
high.  These  men  can  be  taught  new  methods  and  a 
high  shop  efficiency  can  be  obtained.  \\'hen  business 
conditions  are  good,  labor  is  usually  scarce ;  frequent- 
ly it  is  difficult  to  keep  the  present  employees.  At 
such  times  the  manufacturer  cannot  be  so  choice  in 
the  selection  of  laborers  and  often  has  to  take  who- 
ever is  available.     These  men  will  not  assimilate  the 


new  ways,  and  in  a  short  time  it  will  be  found  that 
the  older  employees  are  gradually  slijjping  back  to 
their  former  ways,  until  finally  the  efficiency  of  the 
entire  shop  is  reduced.  This  is  characteristic  of  any 
system  that  depends  upon  the  human  element. 

A  method  that  will  allow  the  manufacturer  to 
maintain  a  high  shop  efficiency  during  both  good  and 
dull  business  periods  would  certainly  be  much  more 

TABLE  IV.— FOU.SDRY  AND  .MACHINE  SHOP  INDUSTRY  ON  A 
SlOO  CAPITAL  BASIS. 


Item 
No. 

Item 

1903 

PerccDt 
1912           Increase  or 
Decrease  ' 

1 
<> 

Value  of  product        

tl03  19 

ft  S9  <n              oi  1— 

Cost  I'ems 
Materials 

46.D2                       X.i.79                20.6—       1 

3 
4 

Wages  

Salaries       

27.83 
5.20 
7.10 

i<6.15 

17.04 

17 

20.83              38.7- 
6.49               24.8- 

5 

8.38                18    - 

6 

Total  cost         

71.49               20.5— 

8 

Total  profit _ 

Percent  prolit  on  capital... 

U.44                49.H—       1 
11                     54.5-       1 

attractive.  Such  a  method  must  deal  with  the  phys- 
ical equipment  and  conditions  of  the  shop  first  and 
human  element  afterwards.  Remarkable  results  can 
be  obtained  by  treating  with  the  physical  equipment 
and  conditions  of  the  shop.  The  machinery  should  be 
located  so  as  to  allow  the  greatest  ease  in  the  hand- 
ling of  the  material  and  the  shortest  possible  routing. 
Power  should  be  applied  to  the  machines  so  that  those 
requiring  variable  speed  can  be  operated  at  a  range 
of  speeds  in  a  series  of  small  steps,  and  the  constant 
speed  machines  so  as  to  always  operate  at  the  maxi- 
mum speed.  Opportunities  in  this  line  exist  in  the 
majority  of  machine  shops. 

Before  proceeding  further  it  would  be  well  to 
illustrate  the  above  points.  The  following  example. 
Table  Y,  shows  the  speed  increments  obtained  by 
belt  drive  on  a  lO  foot  Niles  boring  mill.  The  range 
of  speeds  is  from  0.6  to  45.5  r.p.m.  in  14  steps  of  36 

TABLE  V— SPEEDS  WITH  BELT    nRIVE— OX  A  TEN'  FOOT 
BORING  MILL 


Cone 

Back  Gear 

Open  Drive 

1 

0.63 

7..^ 

0 

U.87 

10.3 

3 

1.2 

14. 

4 

l.S 

1S..S 

5 

2.0 

24.3 

6 

2.7 

32.3 

3.S 

I                   "-^ 

percent  increase  per  step.  There  is  also  a  large  gap 
between  the  back  gear  and  the  open  drive  speeds, 
the  increase  being  100  percent. 

By  applying  an  adjustable  speed  motor  to  this 
machine  a  saving  of  several  hours  per  day  could  be 
effected  on  the  class  of  work  going  through  at  the 
time  the  tests  were  made.  The  speeds  to  be  obtained 
are  shown  in  Table  \T.  varying  from  i.i  to  20  r.p.m. 
in  32  steps  of  10  percent  increase  per  step.  One  can 
readily  see  that  with  this  arrangement  the  output  of 
the  machine  could  be  increased. 

On  machines  operating  at  constant  speed  there 
are  frequently  splendid  opportunities  for  betterment. 
For  instance,   in  one    machine    shop    eight    Prentice 
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drill  presses  were  operated  from  one  line  shaft. 
These  presses  all  worked  upon  the  same  kind  of  ma- 
terial and  operated  continuously  for  lo  hoiirs  each 
day.  The  driving  pulleys  upon  the  shaft  were  all 
the  same  size  and  the  driven  pulleys  upon  the  presses 
were  all  of  the  same  dimensions ;  and  all  were  sup- 
posed to  operate  at  285  r.p.m.  Table  VTI  shows  the 
speeds  of  each  press  under  working  conditions.    The 


FIG.    I — MOTOR-DRIVEN    MILLER 

Controller  gives  16  speeds  as  compared  with  eight  avail- 
able by  belt  drive. 

difference  in  speed  was  due  to  the  different  kinds  of 
belts  used  and  their  condition,  which  caused  an  ab- 
normal slippage.  This  manufacturer  increased  the 
output  of  these  drills  20  percent  by  installing  indi- 
vidual motors  and  gearing  directly  to  the  machines. 

Applying  motor  drive  to  a  factory  will  not 
necessarily  in  itself  increase  production.  To  get  the 
best  possible  results,  an  analysis  of  the  operating  re- 
sults of  each  machine  is  necessary,  with  especial  re- 
gard to  the  cost  or  tools  and  of  labor.  Standard  prac- 
tice does  not  always  cover  special  operations  in  a 
particular  shop  where  a  tool  is  called  upon  to  perform 
operations  on  special  work. 

Power  has  an  important  bearing  upon  the  pro- 
duction of  a  factory.     The  source  of  power  should 

TABLE  VI— SPEEDS  WITH  MOTOR  DRIVE— TEN  FOOT  NILES 
BORING  MILL 


Cone  Step 

Back  Gear 

Open  Driye 

1 

1.10 

5. 

2 

1.21 

5.5 

3 

1.32 

6. 

4 

lAh 

6.6 

5 

1.60 

7.3 

6 

1.75 

7.9 

7 

1.95 

8.7 

8 

2.10 

9.5 

9 

2.30 

10.4 

10 

2.53 

11.5 

U 

2.77 

12.6 

12 

3.04 

13.8 

13 

3.34 

15.2 

14 

3.66 

36.7 

15 

4.01 

18.2 

16 

4.40 

20.0 

be  such  that  at  all  times  it  is  possible  to  operate  all 
the  machines  at  their  maximum  capacity.  This  means 
that  the  power  must  be  both  constant  and  sufficient 
so  that  the  speed  of  the  machines  will  not  fluctuate 
with  the  variations  in  the  loads. 

A  great  number  of  foundry  and  machine  shops 


throughout  the  United  States  are  now  operated  by 
purchased  power,  their  owners  having  found  it  more 
economical  to  purchase  power  than  to  produce  it 
themselves.  They  also  found  the  speed  conditions 
were  improved  due  to  a  more  uniform  voltage.  An- 
other decided  advantage  in  favor  of  this  power  is 
that  it  allows  extensions  and  additional  machinery  to 
be  installed  at  a  minimum  of  expense,  the  only  addi- 


FIG.    2 — RADI.\L   DRILL   DRIVEN    BY   A   FIVE    HORSE-POWER  VARIABLE- 
SPEED   MOTOR. 

Thi.s  drill  allows  16  speeds  forward  and  six  reverse. 

tional  cost  being  the  small  amount  for  the  new  mo- 
tors. Today  23.9  percent  of  all  power  used  in  this 
industry  is  central  station  service.  Table  VIII  shows 
the  total  amount  and  the  kind  of  power  used. 

TABLE  VII— TESTED  SPEEDS  OF  BELT— DRIVEN  DRILL  PRESSES 


Machine  No. 

R.P.M.— Driven  Pulley 

1 

270 

2 

260 

3 

262 

4 

205 

5 

175 

6 

210 

7 

210 

8 

270                                   1 

A  rate  commonly  quoted  for  this  kind  of  indus- 
try by  the  power  companies  in  the  Pittsburgh  district, 
is  $15  per  kilowatt  per  year  for  the  maximum  de- 
mand, plus  $0,015  per  kilowatt-hour  for  the  current 

TABLE  VIII.— POWER  IN  FOUNDRIES  AND  AND  MACHINE  SHOPS 
IN  1913. 


Kind  of  Power           Horse-power  in  use 

1 
Percent  of  Total  Power 

Steam  engines 546  206 

Gas  engines 96966 

Water  wheels  (and 

other  power) 21456 

Rented  power 

Electric  motor.-..                          212  884 

61.4 
10.9 

2.4 

23.9 
1.4 

Other  power      11700' 

Total  power 889  212 

100 

consumed.  Table  IX  contains  a  list  of  22  foundries 
and  machine  shops  now  buying  their  power.  The 
data  contained  in  this  table  was  obtained  by  tests 
made  in  each  factory.  This  table  shows  the  details 
pertaining  to  the  power,  the  cost  of  power  per  horse- 
power-hour, and  what  saving  would  be  effected  by 
using  central  station  service  at  the  above  rate.  This 
rate  upon  a  horse-power  basis  would  be  $11.20  per 
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horse-povver  per  year  for  the  maximum  demand,  plus 
$0.0112  per  horse-power-hour  for  the  current  used. 
It  is  interesting  to  note  that  in  only  one  instance, 
(Item  7),  was  it  cheaper  to  operate  an  isolated  plant. 
The  principal  reason  why  many  manufacturers 
have  difficulty  in  comparing  their  own  power  costs 
with  the  cost  of  purchased  power  is  because  they  do 

TABLE  IX— FOUXUKY  AND  MACHINE  PUOI'  IXDCSTRY— COM- 
I'AKATIVK  Cd.^T  ciK  I'DWEK 


Isolated  Plant  Power                                Purchased  Power 

No. 

Price 

of 

Fuel 

Per-     Hp.—      Cost 
Hp.    Mux.   cent     Hours         per 
of     Dem.   Loud       Con-        Hp.— 
Eng.    Hp.     Fac-     sumed       Hour 

RateS11.20i)er  Hp. 

Max.  Dem.  plus  1.12c 

per  Hp.— Hr. 

cost 

Saving  per 
Hp.-Hr. 

Hr. 
Cents 

1  cents  IJ^-^ 

FGUNDRIl*  ONLY 
Group  (A)— Gas  Engines  up  to  ,tO  Horse-Power 

1 

20c— G     50 

40 

24 

97  800 

2.6 

1.68 

0.92 

36.7 

Group  (B)— Gas  Engines  from  51  to  100  Horre-Power                   | 

2 

2O0-G 

60 

40 

6.8 

35  600- 

4.69 

2  37 

2.32 

49.5 

Group  (O— Steam  Engines  from  51  to  1(B  Horse-Power 

3 
4 
5 

J1.60-C 

4C-G 

J2.35-C 

60 
60 
100 

50      13.7 
70      30.4 
85       16 

71000 
160  000 
140  OUO 

11 
4.09        1     1.91 
1.8              1.61 
3.4         ,     1.8 

2.18 
019 
1.6 

1.63 

53.2 
10.5 
.47. 

46.3 

Average  cost 

S.3             1.77 

Group  (D)— Sieam  Engines  from  201  to  50O  Horse  Power                \ 

6 

•2.25-C  4-5 

300       14.     :    5*2  000        2.4        j      1.69     !    0.71         29.6 

Group  (K)— Ga3  Engines  from  601  to  1000  Horse-Power                 | 

7 

12>^C-G 

773      400 

23 

1538  000 

1.2 

1.4 

0.2 

16.6 

MACHINE  SH0P3  ONLY 
Group  (A)-Sceam  Engines  up  to  50  Horse  Pewer 

8     $2.35-C     30        35        19         83  400 
8      J2.35-C      50    1    40        16          70  000 
10     r2.35-C      50        50        19          83  400 
U      «2.35-C      50        50        19          83400 

1 

2.2 
3.4 
3.3 
3.9 

3.6 

1.59 

i     1.76 
1.89 
1.89 

1.8 

0.61 

1.64 
1.49 
2.01 

1.8 

27.7 

48.2 
45.2 
51.5 

50.0 

Average  cost 

Group  (B)— Steam  Engines  fi'om  61  toluo  Horse-Power                  1 

12 

lOc-G 

56 

50 

8.5 

41700 

5.6 

2.46 

8.14        56.2 

Group  (C)— Steam  Engines  from  101  to  200  Horse- Power                i 

13  81.30-C    120      130 

14  5c-G    126      125 

15  82.25-0    125       125 

16  13.25-C    125       100 

17  »2.00-C    160       130 

18  S2.00-C    150    1  125 

13        137  000 
56        615  000 
20    i    21!)  400 
31         230000 
19        250  000 
16        211000 

3.5 

1.3 

2.9 

2.78 

2.9 

2.9 

2.71 

2.17 

L3 

1.76 

1.6 

1.7 

1.77 

1.7 

1.33 

1.14 
1.18 
l.i 
1.13     1 

38.0 

39!2 
42.4 
41.4 
39.0 

1.01        37.2 

Group  (D)— Sieam  Engines  from  201  to  500  Horse-Powcr                | 

19  82.25-C    250       480        17 

20  12.00-C    400       200          6 

21  t2.35-C    4H5       300        16 

373  000 
211000 
680  000 

2.9 
4.7 
2.4 

3.0 

2.66 
2.18 
1.61 

2.U 

0.34         11.7 
2  52         53.7 
0.79         32.9 

0.89         29.7 

Group  (E)— Steam  Engines  over  1000  Horse-Power 

22     ( 

t2.35-C   2400     1600,    14    ,  2940000  j        2 

1.73 

0.27 

1.35 

not  know  the  exact  amount  of  power  being  gener- 
ated, nor  the  quantity  that  would  be  needed  if  power 
were  produced.  Table  X  contains  a  list  of  42 
foundries  and  machine  sliops  operated  by  purchased 
power.  The  last  column  in  this  table  shows  the  num- 
ber of  kilowatt-hours  consumed  per  year  per  horse- 
power of  motors  installed. 


THE  RESULT  OF   INCREASING   PRODUCTION 

In  practically  every  case  in  which  a  manufacturer 
has  changed  from  line  shaft  drive  to  purchased 
power,  with  a  proper  application  of  motors,  there  has 
been  an  increase  in  the  production,  a  25  percent  in- 
crease being  by  no  means  unusual.  Using  the  data 
contained  under  the  column  headed  1913,  Table  II, 
as  a  working  basis,  let  us  see  what  effect  a  25  percent 
increase  in  the  production  would  have  upon  the  gross 
profits.  The  value  of  the  product  was  $95  501 ;  an 
increase  of  25  percent  would  make  this  $51  478.  The 
wages,  salaries  and  miscellaneous  expenses  would  re- 


TABLE  X.— FOUNDRIES  AND 

MACHINE  .SHOP— POWER   CONSUMED 

PER  HORSE-POWER  PER  YEAR 

1 

Kw-Hr.  Con- 

Item 

Horse- 

Kind of        Total  Nn.         Kw.-Hr. 

sumed  per  year 

No. 

power  of 

Drive          of  Motor...      (^'onsumed 

per  Hp. 
Installed 

Motors 

per  year 

1 

25 

Group 

2                     12  6S0 

603 

2 

27.7 

Semi— G 

7                   15 100 

.541 

3 

30.5 

Group 

4                     1600O 

524 

4 

40.0 

Group 

3                     49  900 

1248 

b 

47.5 

Group 

•■) 

05  400 

1365 

6 

61 

Individ. 

12 

11200 

20a 

7 

68 

Group 

6 

17  220 

300 

8 

58 

Group 

4                   111  SOO 

1930           i 

9 

59.2 

Individ. 

7                     39  100 

647 

10 

82 

Semi— G 

'          7 

110000 

133a 

11 

82 

Semi— G           i         5 

67  600 

820 

12 

1          97.5 

Individ. 

5 

26  000 

276 

13 

164.5 

Semi— G 

14 

1M200 

637 

14 

182 

Individ. 

13 

135  0(10 

742 

15 

188 

Individ. 

11 

!:»  3<;0 

322 

16 

190 

Group 

5                   211;  000 

1140 

17 

242.5 

Semi— G 

26                   297  lion 

9.-.0 

18 

281 

Individ. 

23                   212  000 

761 

19 

340 

Group 

10                   422  OKI 

1130 

20 

388 

Individ. 

25                   31.19  0110 

800 

21 

445 

Individ. 

19                   ^•i6  UOO 

1320 

22 

526.5 

Individ. 

25                   297  000 

.566 

23 

585 

Individ. 

38                   71.5  000 

1220 

24 

U46.6 

Individ. 

56                   614  CIK) 

535 

FOUNDRIES  ONLY                                                 | 

25 

30.5 

Group 

4 

16  000 

524 

26 

58 

Group 

4 

in  800 

1930 

27 

82 

Semi— G 

7 

110000 

133.S 

28 

182 

Individ. 

13 

135  000 

742 

29 

281 

Individ. 

23 

212000 

764 

30 

388 

Individ. 

25 

309  000 

800 

31 

626.5 

Individ. 

25 

297  000 

566 

MACHINE  SHOPS  ONLY                                           | 

32 

"      1 
27.7 

Semi— G 

7 

15  100 

•■HI 

33 

40 

Group 

3 

49  '."00 

1248 

34 

47.6 

Group 

5 

65  400 

1365 

35 

54 

Individ. 

12 

11200 

208 

36 

58 

Croup 

6 

17  220          1 

300 

37 

59.2 

Individ. 

t 

39  100 

617 

38 

97.5 

Individ. 

-T 

26  600 

276 

39 

164.5 

Semi— G 

11 

1115  200 

6S7 

40 

242.5 

Semi— G 

2(1 

297  000 

960 

41 

340 

Group 

10 

4-22  000 

1130 

42 

1146.5 

Individ. 

56 

614  000 

535 

main  the  same,  hence  the  cost  of  production  would 

be  as  follows : — 

Materials $51  478 

Wages L'4  479 

Salaries 7  4t'i6 

Misc.  Expenses 9  642 


Total  cost 93  065 

The  gross  profit  would  be  the  difference  between 
the  value  of  the  product  and  the  cost  of  production 
which  is  $26311.  To  equip  an  establisliment  of  this 
size  so  as  to  obtain  these  results  would  require  an  ad- 
ditional investment  of  $6000.  The  capital  was 
$115070  which,  plus  the  new  investment,  w-ould 
make  the  total  capital  $121  070.  The  gross  profit  (in 
percent)  upon  the  capital  would  be: — 

$26  311  gross  profit 
$121  070  capital 


-=  21.7  percent  gross  profit 
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Tlie  gross  profit  earned  in  1913  was  $12731; 
thus,  a  25  percent  increased  output  would  increase 
the  gross  profits  106  percent,  or  instead  of  earning  11 
percent  upon  the  capital,  as  in  1913,  the  capital  would 
earn  21.7  i)ercent. 

Installing  motors  in  a  machine  shop  will  ni>t 
necessarily  increase  production.    As  said  before,  eacli 


ix>wcr   consumption    was   considerably   more    than    it 
should  be.  due  to  the  poorer  operating  efficiencies. 


ric.   J      A    III   V-\   7    lis     18  FOOT   PL.\XER 

With  special  rail,  carrying  two  cutting  heads  arranged  so 
as  III  move  at  right  angles  to  the  platen.  This  arrangement 
permits  machining  the  ends  of  any  length  of  castings  as  well 
as  surfaces  which  could  not  be  reached  with  an  ordinary 
planer. 

application  must  be  given  individual  study  and  a  mo- 
tor applied  to  meet  the  requirements  of  that  particu- 
lar machine.  One  point  to  guard  against  is  the  ten- 
dency to  over-motor,  that  is,  to  install  a  motor  of 
greater  horse-power  than  necessary.  Tests  in  anv 
machine  shop,  excepting  a  few  of  those  equipped  dur- 


K'***«i*«'Alii: 


ill,.    4 — PJI'E    C.\STl.\r.    M.\l.HI.\K    riKIVKN    BY    A    30    HOKSE- 
POWKR   MOTOR 

ing  the  past  few  years,  will  almost  invariably  show 
that  they  are  over-motored  anywhere  from  30  to  400 
percent;  it  is  not  at  all  unusual  to  find  the  latter 
figure.  Table  XI  illustrates  this  point,  and  shows  the 
condition  found  in  a  modern  machine  shop  equipped 
with  25  motors  totalling  445  horse-power.  The  plant 
was  over-motored  99  percent  or  a  total  of  223.5 
horse-power.  This  company  invested  $5  000  more 
than   was  necessary   for    the    equipment,    and    their 


FIG.    5 — PL.\NF,RS    EQUIPPEIl    WITH    RKVEKSI-NTi    MnluK-    AMI    AL'TO- 
M.^TIC   r.N'IT-SWlTCH    CO.NTROL 

A  seven   foot  planer  driven  by  a  20  horse-power  motor 
and  a  10  foot  planer  driven  by  a  35  horse-power  motor. 


FIU.   6 — AN   84  INCH   WHEEL  LATHE 

Driven    by   a   35    horse-power    variable-speed    motor    re- 
placing the  former  installation  of  belt  drive. 

TABLE  XI-OVER-MOTORISG  OF  A  MACHINE  SHOP 


Item          Apparatus 
No.  ,           Uriven 

1 

Hp.  of 
Motor 
in  Uss 

,,.,,,       Showed       Size        v^romt  1 

Ma\^Hp.  Averag-^    ^^^        OvT  ' 

10  mint'     H^P-JO     R;o«^^     Motored 

20 
30 
40 
15 

IS                  9.>              15 
27.3              12.0        '        20 

33.3 
50.0 
33.3 

150.0 
565 

100 

20(1 
100 
66.6 
167 
5.0 

150.0 

50,0 

1      2      Line  shaft... 

3S.5              2S.8 
21  .f              10.0 

1.7  1.6 
4.5                2.2 

11.0                8.2 
0.25              0.25 
21.2              15 
10.0             8.5 

3.8  3.1 
3.85            3.1 

•  8.0              7.4 

1.4  1.4 
3.3.5              3.1 
6.2        1        5.4 

1.9  1.7 
17.8                9.5 
13.0              13.0 
20.0             20.0 

1.7               1.7 
18.2             18.0 

4.0  3.4 

1.1  1.1 

1.5  1.2 

20 

15 
2 
3 

10 
0.5 

15 

10 
5 
S 

7.S 
2.0 
3.0 
7.5 
2.0 

10.0 

15.0 

20.0 
2.0 

20.0 
5.0 
1.0 
20 

5  Slotting   machine 

6  I'laner           

7  Boring  mill. 

8  Small  pump 

9  Line  shaft 

lu      Line  shaft 

11      Jack  shaft 

5 

■   20 
10 

0.5 
30 
30 
10 

5 
20 

3 

S 

7.5 

R.O 
15  0 
75.0 
40.0 

5.0 
40.0 
10.0 

3.0 

3.0 

13  '  Boring  mill 

14  Milling  machine- 

15  MiUinc  Machine.. 

16  Drill  presf... 

17  Milling  machine.. 

18  Planer 

1    19    1  Heating  fan 

1    20      Heating  fan 

21  Milling  machine.. 

22  Fan 

23  Lathe 

24  Milling  machine.. 

25  ■  Horiz.  drill 

400.0 
11)0.0 
150.0 
IW.O 
100.0 
200.0 
50.0 

Total 

445.0 

223.5            990 

The  Engineering  Evolution  of  Electrical 

Apparatus — IV 


THE  ALTERNATING-CURRENT  GENERATOR  IN  AMERICA 

B.  G.  Lam  ME 

TURBO-GENERATORS 

HE  ADX'ENT  of  the  turbo-generator  has  had 


(Concl.) 


I         a  predominant  influence  on  alternator  design. 

*  After  the  turbo-alternator  once  became  estab- 
lished commercially  in  this  country,  it  quickly  revolu- 
tionized conditions  by  driving  the  large  engine-type  al- 
ternators out  of  the  field.  The  evolution  of  all  elec- 
trical apparatus  has  been  comparatively  rapid,  but  that 
of  the  turbo-alternator  has  iwssibly  exceeded  anything 
else  in  the  electrical  field.  This  evolution  therefore 
merits  a  fairly  complete  description. 

The  first  turbo-alternators,  built  by  the  W'esting- 
house  Company,  were  installed  in  the  power  plant  of 
the  Westinghouse  Air  Brake  Company  about  1898. 
There  were  three  rotating  armature  machines  of  300 
kilowatts  capacity,  which  ran  at  a  speed  of  3  600  r.p.m.. 


FIG.    20 — FIKLD   OF    EARLY    ROT.\TING    .ARM.^TfRF.    TURBO-GENERATOR 

giving  7  200  alternations  per  minute,  or  60  cycles  per 
second.  They  were  coupled  to  Parsons  turbines,  built 
by  The  Westinghouse  Machine  Company.  The  Par- 
sons Company  in  England  had  been  building  rotating 
armature  alternators  for  a  number  of  years,  and  the 
Westinghouse  Company  simply  followed  the  Parsons' 
precedent.  These  first  machines  were  operated  for 
several  years,  but  it  was  obvious,  soon  after  their  in- 
stallation, that  the  rotating  armature  type  of  machine 
would  not  serve  for  general  turbo-alternator  purposes. 
It  was  evident  that,  for  voltages  even  no  higher  than 
2  200,  the  rotating  armature  construction,  at  the  neces- 
sary turbo-generator  peripheral  s[)eeds.  would  become 
almost  impracticable.  Attention  therefore  was  soon 
turned  toward  a  3  600  revolution,  two-pole,  rotating 
field  type,  and  a  very  large  number  of  possible  con- 
structions were  considered.  Finally  one  like  that  shown 
in  Fig.  23  was  worked  out  and  built  in  1899.  This  had 


the  field  windings  completely  embedded  in  a  number 
of  parallel  slots,  with  supporting  metal  wedges  at  the 
tops  of  the  grooves  or  slots.  One  machine  of  this  type 
was  built  and  tested.  It  operated  in  a  satisfactory  man- 
ner, except  as  regards  windage  and  noise.  The  ma- 
chine was  not  closed  at  the  ends,  like  modern  turbo- 
alternators,  and  thus  any  noise  generated  in  the  ma- 


FIC.    21 — AR.MATURK    FOR    TURBO-GK.NERATOR    OF    TVPE    SHOW.V 
IN    FIG.   20 

chine  could  be  readily  transmitted  to  the  outside.  The 
noise  was  caused  largely  by  the  two  flat  sides  of  the 
rotor.  It  w^as  so  shrill  and  penetrating  that  it  was 
very  disagreeable  to  be  around  the  machine,  and  was 
even  painful  to  the  cars  after  a  short  time.  This  con- 
struction was  therefore  abandoned  temporarily,  but 
after  a  few  months  it  was  taken  up  again  and  a  new 
rotor  was  built  which  was  entirely  round,  as  shown 
In  Fig.  24,  but  was  otherwise  very  similar  to  that 
shown  in  Fig.  23.  This  new  rotor,  although  noisy 
compared  with  modern  machines,  was  so  quiet,  com- 
pared with  the  first  construction,  that  it  was  imme- 
diately adopted  as  a  standard  construction.  This  is 
the  now  well-known  parallel  slot  construction  which 
has  been  used  very  extensively  by  the  Westinghouse 
Compan)-,  although  many  very  radical  changes  have 
been  made  in  the  constructive  features  of  the  rotor  it- 
self.    This  type  of  rotor  was  used  originally  only  for 


FIG.   22 — I  000   KW  OPE.V   TVPE  TURBO-GENERATOR 

the  400  kilowatt  size  at  60  cycles. 

In  the  earlier  machines  of  this  type  a  number  of 
very  curious  conditions  develoi)ed.  In  the  first  ma- 
chines the  rotors  were  built  of  a  number  of  thick  discs 
or  "cheeses"  side  by  side,  which  were  put  on  the  shaft 
at   high   pressure.     The   two  end   discs  were  thicker 
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than  the  others  in  order  to  accommodate  the  grooves 
in  which  the  rotor  end  windings  lay.  The  discs  were 
made  of  high  grade  forgings.  After  some  of  these 
machines  had  been  in  operation  for  a  considerable 
period  it  was  found  that  some  of  the  discs  in  the  field 
core  were  traveling  axially,  i.e.,  quite  appreciable  gaps 


FIG.    23 — EARLY    TWO-POLE    ROTATING    FIELD 

or  spaces  were  showing  between  adjacent  discs.  In 
one  instance  they  traveled  to  such  an  extent  that  the 
field  windings  were  stretched  longitudinally  at  the 
openings  between  the  discs,  until  the  conductors  were 
actually  attenuated  to  an  extent  visible  to  the  eye.  Ob- 
viously, the  stretching  force  must  have  been  enormous. 
Eventually,  the  construction  was  changed  on 
these  two-pole  rotors  to  a  single  disc  of  forged  steel. 
Still  later,  steel  castings  were  used  quite  extensively 
instead  of  forgings  although,  later  still,  the  castings 
were  abandoned  in  favor  of  forgings.  There  was  much 
adverse  opinion  regarding  the  advisability  of  using 
castings  for  the  3  600  revolution  machines,  as  some 
engineers  held  that  they  were  more  liable  to  contain 
flaws  than  would  be  the  case  with  forgings.  An  in- 
teresting fact  in  connection  with  this  is  that,  while  a 
number  of  these  early  high  speed  machines  "exploded, ' 
generally  during  runaways,  yet  in  no  instance  was  a 
cast  steel  field  wrecked  from  this  cause.  This,  how- 
ever, does  not  constitute  a  proof  of  the  superiority  of 
cast  steel,  for  it  so  happened  that  all  the  serious  runa- 
ways were  on  machines  with  forged  rotors.  How- 
ever, the  record  is  a  clear  one  as  far  as  cast  steel  fields 


o 


FIG.    24 — ROUXD   TYPE    TWO-POLE   ROTOR 

are  concerned,  for,  of  all  the  sizes  and  speeds  of  steel 
rotors  which  the  Westinghouse  Company  has  put  out, 
not  a  single  cast  steel  disc  has  burst.  Present  speed 
and  output  requirements  have  now  carried  the  con- 
struction up  to  a  point  where  special  forged  materials 
are  the  accepted  practice. 


Soon  after  the  two-pole,  400  kilowatt  rotating 
field  machine  was  put  on  the  market,  a  four-pole,  750 
kilowatt,  I  800  revolution  machine  was  built.  The 
rotor  of  this  machine  had  four  salient  f>oles  bolted  on. 
These  poles  were  provided  with  overhanging  pole  tips, 
and  the  field  winding  consisted  of  four  coils  wound 
with  strap-on-edge.  In  fact,  this  first  construction  was 
very  similar  to  the  present  type  of  rotor  fields  now 
used  for  other  than  turbo  work.  This  construction 
proved  difficult  and  expensive,  but  was  applied  to  a 
number  of  six-pole,  i  200  revolution  machines.  How- 
ever, the  parallel  slot  construction  used  in  the  two-pole 
machines  was  so  satisfactory  that  it  was  soon  adopted 
for  the  four  and  six-pole  machines,  as  shown  in  Fig. 
25.  In  the  six-pole  machine  it  was  not  possible  to  make 
the  poles  integral  with  the  central  core,  on  account  of 
the  inability  to  machine  the  parallel  slots  in  the  sides  of 
the  poles,  or  put  in  the  windings.  Therefore,  separate 
poles  were  constructed,  with  parallel  slots,  and  these 


FIG.  25- 


-PARALLEL    SLOT    FOUR-POLE    AND    SIX-POLE    FIELD 
CONSTRUCTION 


were  first  wound  and  then  bolted  into  place  on  the  cen- 
tral core  which,  in  this  case,  was  made  integral  with 
the  shaft.  The  four-pole  machine  was  constructed  for 
750  and  I  000  kilowatts  capacity,  and  the  six-pole  con- 
struction was  made  for  i  500  to  3  000  kilowatts. 

Meanwhile,  there  had  grown  up  some  demand  for 
moderate  capacity  25  cycle  machines  at  i  500  revolu- 
tons.  These  were  constructed  along  exactly  the  same 
lines  as  the  two-pole,  3  600  revolution  machines  above 
described. 

In  this  early  work  one  order  for  four  5  500  kw, 
four-pole,  I  000  revolution  machines  was  taken.  This 
was  entirely  beyond  the  constructions  undertaken  be- 
fore by  the  Westinghouse  Company.  The  parallel  slot 
type  of  rotor  was  adopted.  An  attempt  was  made  to 
get  forgings  in  a  single  piece  large  enough  for  these 
rotors,  but  they  were  found  to  be  glass  hard  and  brit- 
tle, except  at  the  outer  surface.  As  very  large  steel 
castings  were  frowned  upon,  it  was  decided  to  make 
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these  rotors  of  discs  turned  out  of  very  tliick  steel 
plates,  somewhat  like  the  early  400  k\v  machines  al- 
ready described.  Parallel  slots  were  used  as  in  the 
smaller  four-pole  machines.  This  construction  proved 
to  be  feasible  but  was  very  expensive,  and  shortly 
after  this  large  cast  steel  discs  were  used,  two  discs 
side  by  side  being  used  to  form  one  rotor.  This  con- 
struction was  satisfactory,  and  was  used  for  many 
years. 

Shortly  after  turbo-generators  came  into  general 
use,  there  was  considerable  complaint  regarding  tiie 
noise  due  to  windage.  All  these  machines  were 
equipped  with  some  form  of  ventilating  device,  which 
formed  eitlier  part  of  the  normal  construction  of  the 
rotor  or  consisted  of  some  special  blowing  device  at 
the  ends  of  the  rotor.  Both  the  high  speed  and  the 
large  quantity  of  cooling  air  required,  tended  to  make 
a  noise  which   was  very  objectionable.     A  series  of 


PIG.    26 — TWO-POLE    FIELD    OF    THE    BOLTED    ON    CON'STRUCTIOK 

experiments  with  covers  over  various  parts  of  the  ma- 
chines, showed  that,  by  completely  enclosing  the  two 
ends  of  the  machine  and  by  enclosing  the  field  frame 
except  at  the  top  and  bottom,  (in  a  horizontal  ma- 
chine) the  windage  noise  could  be  so  deadened  as  to 
be  practically  unobjectionable.  However,  the  tests 
also  showed  that  artificial  ventilation  w-as  necessary 
under  this  condition.  This  very  quickly  led  to  the 
practice  of  enclosing  and  artificially  cooling  turbo- 
generators, which  practice  has  been  maintained  to  this 
day.  The  first  Westinghouse  enclosed  machines  w-ere 
built  about  1903. 

The  use  of  artificial  cooling  marked  a  great  step 
in  advance  in  turbo-generator  work,  for  tlie  results 
indicated  that,  by  supplying  a  sufficient  quantity  of 
air  and  properly  distributing  it  through  the  machine, 
very  marked  increase  in  capacity  was  possible,  and  a 


point  was  soon  reached  where  the  possible  capacities 
were  beyond  the  mechanical  limitations  of  the  con- 
struction. This  led  to  radical  modifications  in  the 
type  of  rotor,  with  a  view  to  taking  advantage  of  the 
increased  capacity.  Apparently  all  manufacturers  did 
more  or  less  development  work  along  such  lines,  in 
the  Westinghouse  constructions,  the  use  of  a  through 
shaft  was  found  to  be  one  of  the  serious  limitations, 
and  this  led  to  types  of  rotors  without  any  through 
shaft.  In  the  two-pole  machines,  this  was  particularly 
important,  and  the  problem  was  especially  difficult 
with  the  parallel-slot  construction,  provided  ample 
space  was  allowed  for  the  field  winding.  The  old 
through  shaft  two-pole  construction  lost  considerable 
winding  space,  due  to  the  shaft  space,  as  shown  before 
in  Fig.  24.  Attempts  to  construct  such  a  machine 
with  the  shaft  forming  part  of  the  core,  resulted  in 
still  less  efficient  use  of  the  possible  winding  space.  It 
was  obvious  that  if  the  whole  possible  winding  space 
w^ere  taken  up  with  slots,  then  the  capacity  of  the 
field  winding  would  be  greatly  increased.  In  conse- 
quence, a  rotor  construction,  such  as  shown  in  Fig.  26, 
was  designed  and  constructed.  In  this,  bronze  end 
supports  or  "heads"  were  bolted  to  each  end  of  the 
field  core,  and  the  shaft  proper  was  attached  to  these 
bronze  heads.  Bronze,  or  a  similar  non-magnetic  ma- 
terial, was  necessary  to  prevent  magnetic  short-cir- 
cuiting of  the  field  flux.  This  design  was  constructed 
and  tested  on  a  i  000  k.v.a.,  3  600  revolution  machine, 
and  then  was  built  successively  for  i  500,  2  000,  3  000. 
4  cxx)  and  5  000  k.v.a.  machines,  all  at  3  600  r.p.m. 
The  same  construction  was  also  applied  to  two-pole 
machines  of  25  cycles,  up  to  12000  k.v.a.  capacities. 
This  construction  of  rotor  has  given  an  extremely 
good  account  of  itself.  However,  it  proved  to  be  ex- 
pensive on  small  capacity  machines,  as  the  bronze 
heads  formed  an  undue  proportion  of  the  cost  of  ma- 
terial. For  higher  capacities  of  3  600  r.p.m.  machines, 
increase  in  capacity  is  obtained  largely  by  increasing 
the  length  of  the  rotor  core,  and  thus  the  bronze  heads 
form  a  relatively  lower  percentage,  and  the  construc- 
tion becomes  more  reasonable  in  cost. 

From  the  preceding,  it  may  be  seen  that  only  two 
types  of  turbo-generators  have  been  used  very  exten- 
sively, namely,  the  parallel-slot  iypt  and  the  radial 
slot.  Each  of  these  types  has  some  very  pronounced 
advantages.  The  principal  advantage  of  the  parallel- 
slot  type  is  in  the  arrangement  and  support  of  the 
field  coils.  Each  coil  can  be  wound  directly  in  place, 
with  the  conductor  under  tension,  and  the  finished 
winding  is  completely  encased,  and  is  thoroughly  pro- 
tected against  dirt,  movement  of  the  conductors,  etc. 
Against  this,  the  radial  slot  machine  allows  more  room 
for  copper,  and  is  magnetically  more  economical  in 
material.  However,  the  field  windings  are  more  diffi- 
cult to  apply  and  must  be  supported  at  the  ends  by 
auxiliary  means,  such  as  separate  external  steel  rings. 

The  enormous  increase  in  output  of  turbo-genera- 
tors, within  very  recent  years,  has  made  the  electric 
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and  magnetic  jiroportions  of  the  rotors  a  feature  of 
first  importance  in  the  design,  so  that  the  radial  slot 
type  for  two-pole  machines  has  become  the  standard 
construction,  almost  universally.  This  will  be  referred 
to  again  under  the  four-pole  construction. 

While  the  two-pole  parallel  slot  construction 
was  being  developed  for  larger  capacities,  the  four- 
pole  construction  for    60    cycle    machines    has    been 
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PIG.   27 — FIELD  CONSTRUCTION    WITH   TWO    HAUKS    HELD  TOGETHER 
BY   HE.WY   BOLTS 

pushed  up  to  capacities  of  about  12000  k.v.a.  with 
the  parallel  slot,  cast  steel  rotors.  In  order  to  do 
away  with  the  through  shaft  construction,  tlie  rotor 
was  made  of  two  castings  or  discs,  each  of  which 
was  cast  solid  with  the  shaft,  as  shown  in  Fig.  27. 
The  two  discs,  after  machining,  were  bolted  together 
by  a  number  of  very  heavy  bolts  located  near  the 
pole  tips  and,  in  some  cases,  shrink  links  were  placed 
in  the  pole  face,  connecting  the  two  halves  together. 
The  parallel  grooves  were  then  machined  in  the  steel 
core,  just  as  in  the  through-shaft  type.  In  this  four- 
pole  construction,  the  problem  of  armature  ventilation 
was  comparatively  simple.  Air-gap  ventilation  (that 
is,  all  air  through  the  armature  core  supplied  from 
air-gap)  was  easily  accomplished,  due  to  the  open 
spaces  between  the  poles,  which  could  admit  an  ample 
air  supply.  However,  the  same  construction  tended 
toward  high  windage  losses  due  to  'air  "churning." 
This  problem  of  ventilation  has  had  much  to  do 
with  the  evolution  of  turbo-generator  design.*  In  the 
two-pole,  parallel  slot  machine  for  3  600  r.p.m.,  in 
which  the  diameter  of  the  rotor  is  relatively  small,  the 
amount  of  air  which  can  be  forced  into  the  air-gap 
from  each  end  is  rather  limited.  Assuming,  for  ex- 
ample, a  rotor  diameter  of  24  inches,  which  is  almost 
as  large  as  we  can  go  for  a  3600  r.p.m.  machine. 
then,  with  an  air-gap  (iron  to  iron)  of  ^^'''ich,  which 
is  also  a  fairly  large  gap,  the  total  cross-section  of  the 
air  inlet  at  the  air-gap  at  both  ends  of  the  rotor  will 
be  112  sq.  in.  With  the  very  high  air  velocity  of 
10  ODD  ft.  per  minute,  this  means  a  total  air  supply  of 
less  than  8000  cu.  ft.  per  minute.  This  may  be  suf- 
ficient for  a  moderate  capacitj-  turlx)-generator,  but 
for  machines  of  high  capacities,  such  as  3  000  to 
5  000  k.v.a.,  this  is  not  nearly  enough  cooling  air. 
Obviously,  either  much  larger  inlets  through  the  air- 
gap  are  required,  or  some  additional  method  of  cooling 


is  necessary.  Larger  air-gaps  usually  mean  either 
more  expensive  machines,  or  reduced  output  with  a 
given  machine,  due  to  lower  flux  densities.  There- 
fore, the  tendency,  in  machines  of  the  very  high 
capacities,  and  very  high  speeds,  has  been  toward  a 
combination  of  air-gap  with  other  methods  of  ventila- 
tion. In  the  25  cycle,  two-pole  machine  with  a  maxi- 
mum speed  of  i  500  r.p.m.,  rotors  of  larger  diameter 
are  possible  and,  as  a  rule,  much  larger  air-gaps  are 
practicable  than  in  60  cycle  machines.  In  consequence, 
air-gap  ventilation  comes  nearer  being  practicable 
but,  in  the  larger  capacities,  even  this  is  insufficient 
and  auxiliary  methods  have  been  necessary  in  some 
cases. 

This  need  for  auxiliar}'  methods  of  ventilation 
led  to  the  axial  method  of  ventilating  armature  cores 
in  distinction  from  the  radial  method,  in  which  the 
air  was  carried  out  through  numerous  radial  air 
ducts  or  passages.  In  the  axial  method,  a  large  num- 
ber of  ventilating  holes  are  arranged  in  the  armature 
core  parallel  to  the  axis  of  the  machine.  These  form 
ventilating  paths  in  parallel  with  the  air-gap  path 
With  the  small  diameter  long  cores  necessary  for 
3  600  r.p.m.,  high  capacity  machines,  the  development 
of  this  method  of  ventilation  was  contemporaneous 
with  the  de\'elopment  of  the  higher  capacities.  The 
same  has  proven  to  be  the  case  for  the  later  types  of 
Westinghouse  four-pole,  60  cycle,  i  800  r.p.m.  ma- 
chines, which  departed  very  considerably  in  rotor  con- 
struction from  the  four-pole  cast  steel  type  already 
described. 

As  the  capacities  of  the  3  600  r.p.m.,  60  cycle 
machines  were  gradually  pushed  up,  a  corresponding 
development  occurred  in  the  i  800  r.p.m.  machines. 
At  10  000  to  12000  k.v.a.,  the  four-pole  cast  steel 
construction  was  apparently  approaching  its  limits. 
For  larger  sizes,  therefore,  a  different  construction 
was  adopted  which  allowed  more  suitable  material  to 
be  obtained.      For  the  largest  diameters  and  highest 


*A  more  complete  exposition  of  the  subject  of  "Turbo- 
Alternator  Ventilation."  etc.,  is  contained  in  a  paper  by  the 
author,  read  before  American  Institute  of  Electrical  En^gi- 
neers,  January,   lOi,^. 


FIG.    j8  MoIiLK.X    KoiATINC    FlELIl    ON    BALANCING    WAYS 

speeds,  a  plate  construction  was  adopted  by  the  West- 
inghouse Company,  in  which  the  end  discs  and  the 
shaft  ends  were  forged  as  units,  and  the  intermediate 
discs  were  made  of  rolled  plate  material,  the  whole 
construction  being  bolted  together  permanently  to  form 
a  solid  core.  This  core  was  then  slotted  with  radial 
slots,  and  the  usual  radial  slot  type  of  field  winding 
is  used.  A  similar  construction  was  adopted  on  the 
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larger  25  cycle  machines.  For  intermediate  capacities, 
both  60  and  25  cycles,  solid  discs  are  used  in  some 
cases  instead  of  the  plate  construction.  This  brings 
the  larger  turljo  development  up  to  the  present  date. 
In  the  comparatively  small  60  cycle  turbo-genera- 
tors, where  the  parallel  slot  construction  with  the 
bronze  driving  heads  was  relatively  expensive,  as  al- 
ready described,  the  later  development  has  been  to- 
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With  a.xial  ventilation  and  central  dnct.  Supporting  ring 
both  inside  and  outside  the  end  windings.  Typical  method  of 
bracing  smaller  machines. 

wards  core  and  shaft  forged  in  one  piece,  and  with 
radial  slots,  and  eventually  this  construction  may  be 
carried  up  to  the  largest  practicable  size  of  3  600  r.p.m. 
machines.  It  is  difficult  to  predict  the  limit  in  capacity 
which  may  be  reached  eventually  in  3  600  r.p.m. 
generators  but  6  250  k.v.a.  appears  to  be  practicable. 
Some  special  radial  slot  machines  had  been  de- 
veloped for  the  New  Haven  Railroad  about  1907.  As 
these  machines  were  designed  to  deliver  25  cycle 
single-phase  current,  and  as  the  pulsating  armature 
reaction  of  such  machines  would  be  relatively  high, 
the  rotors  were  designed  with  laminated  cores,  with  a 
view  to  lessening  core  losses.  The  rotors  were  made 
of  single  disc  lamminations  shrunk  on  the  .shaft 
The  discs  were  provided  with  radial  slots.  The  con- 
struction was  very  similar  to  the  later  radial  slot 
rotors,  except  that  the  rotor  end  windings  were  also 
eiTibeddcd  in  slots,  and  supported  by  wedges  embedded 
in  the  periphery  of  the  core,  whereas,  in  the  later 
radial  slot  rotors,  the  end  windings  are  supported  by 
external  rings.  These  early  radial  slot  rotors  showed 
very  considerable  overheating  in  .single-phase  opera- 
tion, and  it  was  found  necessary  to  apply  a  very  com- 
plete cage  damper  embedded  in  the  periphery  of  the 
rotor.  Later  experience  showed  that  the  solid  core 
parallel  slot  rotor  with  an  equal  damper  applied  to  its 
surface  was  just  as  efTective,  and  many  of  the  later 
single-phase  machines  were  built  in  this  manner. 
However,  some  recent  1 1  250  k.v.a.  single-phase  gen- 
erators are  being  built  of  the  plate  constniction  al- 
ready described. 


REGULATION    AND  SHORT-CIRCUIT   CURRENTS  OF  TURBO- 
ALTERNATORS 

Like  the  ordinary  synchronous  generator,  the 
modern  turbo-alternator  is  designed  with  a  compara- 
tively high  inherent  regulation.  In  fact,  in  order  to 
avoid  excesive  short-circuit  currents,  the  inherent  re- 
gulation must  be  made  comparatively  poor  by  making 
the  armature  self-induction  as  high  as  practicable. 
Even  under  the  best  condition,  such  machines  are 
liable  to  give  12  to  15  times  rated  current  during  the 
first  current  rush.  Furthermore,  the  solid  plates  or 
discs,  of  which  most  turbo-rotors  are  now  made,  tend 
to  prolong  the  period  of  maximum  short-circuit  cur- 
rent. The  consequence  of  these  conditions  is  a 
tremendous  racking  force  acting  on  the  end  windings 
during  a  short-circuit  current  rush,  which  tends  to 
distort  the  winding  badly  unless  it  is  very  strongly 
braced.  The  ^^'estinghouse  Company  encountered 
such  a  difficulty  on  some  of  their  earliest  turbo-  alter- 
nators and  there  has  been  a  practically  continuous 
development  along  the  lines  of  more  substantial  brac- 
ing which  has  kept  pace  with  the  increased  require- 
ments of  the  higher  speeds  and  the  higher  capacities. 
The  bracing  used  on  the  modern  machines  is  designed 
to  resist  distortion  of  the  end  windings,  under  dead 
short-circuit,  without  reactances  interposed,  and  each 
new  size  as  it  is  developed  is  given  such  a  short- 
circuit  test.  A  20  000  k.v.a.  60  cycle,  i  800  r.p.m. 
high  voltage  alternator  was  recently  subjected  to  such 
sliort-circuit  tests  at  full  voltage  without  injury. 

The  preceding  gives  a  brief  history  of  the  de- 
velopment of  the  turbo-generator,  insofar  as  carried 
out  by  the  \\'estinghouse  Company.  The  General 
Electric  Company  went  through  a  corresponding 
course  of   development,   in  general,   although   not   in 
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Fia   30 — S.\ME   MACHINE   AS   SHOWN   IN   FIG.   29   BEFORE   WINDING 

the  Specific  constructions  described,  and  a  number  of 
interesting  types  or  constructions  have  been  brought 
out.  The  gradual  increase  in  speed  has  undoubtedly 
had  much  to  do  with  the  evolution  of  their  various 
types,  just  as  in  the  case  of  the  W'estinghouse  evolu- 
tion. One  of  the  most  radical  steps  which  the  Gen- 
eral Electric  Company  has  made  in  the  past  few 
years  is  in  the  change  from  the  vertical  to  the  hori- 
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zontal  type  of  machines.  Presumably  the  very  high 
speeds  which  later  came  into  use  have  had  much  to  do 
with  this  change.  In  the  earlier  turbo-generator  prac- 
tice, the  speeds  of  the  General  Electric  Company's 
machines  were  relatively  lower  than  the  Westing- 
house,  presumably  on  account  of  the  type  of  steam 
turbine  used.  Many  of  the  early  rotor  constructions 
were  of  the  salient  pole  type  for  four  poles  and 
higher.  Gradually  these  were  superseded  by  construc- 
tions leading  up  to  a  radial  slot  type  in  which  the 
slots  were  formed  by  teeth  inserted  in  dovetail  grooves 
in  the  rim  of  the  spider.  This  type  was  very  similar 
in  appearance  to  the  later  types,  except  that  the  slots 
had  overhanging  tooth  tips,  thus  giving  a  partially 
closed  slot  construction.  More  recently,  with  greatly 
increased  speeds,  this  construction  has  been  super- 
seded by  solid  forged  cores  with  shaft  forged  on,  and 
with  radial  grooves  milled  in  the  surface  for  the  field 


FIG.   31 — STATOR   OF  LARGE    MODERN   TURBO-ALTERXATOR 

Showing  end  winding  and  method  of  bracing  large  ma- 
chines to  withstand  short  circuits. 

w^inding.  These  latter  rotors  are  used  largely  in  the 
horizontal  type  high  speed  machines. 

In  the  Allis-Chalmers  construction,  in  the  larger 
machines  having  four  or  more  poles,  the  earlier  con- 
struction of  the  rotor  consisted  of  forged  discs  with 
through  shafts.  These  discs  had  radial  slots  for  the 
windings  very  similar  to  the  present  construction  of  all 
manufacturers.  The  smaller  machines  generally  had 
cores  forged  in  a  single  piece  with  the  shaft,  and  with 
radial  windings.  As  regards  methods  of  ventilation, 
both  the  General  Electric  and  Allis-Chalmers  Com- 
panies went  through  a  course  of  development  leading 
up  to  their  present  practices. 

As  regards  parallel  operation,  turbo-generators 
have  been  particularly  free  from  this  old  time  diffi- 
culty, due  largely  to  the  uniform  rotative  effort  of  the 
steam  turbine,  and  partly  to  the  high  flywheel  capacity 
of  the  turbo-generator  and  turbine  rotors,  which  tends 
to  limit  any  speed  oscillations,  due  to  the  governors, 
to  a  relatively  low  period,  such  as  \vould  not  tend  to 
accentuate  the  hunting  action  in  the  generators  them- 
selves.    Moreover,  in  those  rotors  which  have  been 


built  with  solid  cores  or  of  thick  plates,  the  solid  ma- 
terial tends  to  act  as  a  damper  circuit.  As  a  conse- 
quence, hunting  in  turbo-generators,  or  difficulties  in 
parallel  running,  have  been  extremely  rare. 

INDUCTION  TURBO-GENERATORS 

This  type  of  turbo-generator  has  been  proposed 
commercially  a  number  of  times  during  the  past  ten 
years,  and  a  few  installations  have  been  built.  The 
first  of  any  importance,  consisting  of  a  i  250  kilowatt 
generator  of  30  cycles,  i  800  r.p.m.,  two  poles,  was  in- 
stalled in  the  plant  of  the  Baltimore  Copper  Smelting 
&  Rolling  Company.  This  generator  was  a  true  poly- 
phase induction  motor,  direct  connected  to  a  steam 
turbine.  The  construction  of  the  generator  was  ex- 
actly the  same  as  would  have  been  used  at  that  time 
in  a  two-pole,  i  800  r.p.m.  induction  motor  of  the 
same  capacity.  The  entire  load  of  this  machine  con- 
sisted of  a  I  200  kilowatt  rotarj'  converter  connected 
directly  to  the  terminals  of  the  generator.  The  gen- 
erator and  converter  were  brought  up  to  speed  sepa- 
rately and  the  rotary  converter,  wuth  its  field  excited, 
was  connected  directly  to  the  generator  and  furnished 
the  excitation  for  the  generator.  There  was  no  other 
synchronous  apparatus  in  circuit  except  the  converter. 

Several  years  ago,  a  number  of  much  larger  in- 
duction generators  were  built  by  the  General  Electric 
Company  for  the  Interborough  Rapid  Transit  Com- 
pany of  New  York  City.  These  machines  are  of 
6  000  k.v.a.  nominal  capacity  and  operate  in  parallel 
with  the  II  000  volt,  three-phase,  engine-type  gen- 
erators previously  installed  in  the  same  power  house. 
The  engine-type  generators  furnish  the  excitation  for 
the  induction  generators.  The  entire  load  of  this 
station  is  represented  by  rotary  converters.  There 
have  been  no  prominent  instances  of  the  use  of  in- 
duction generators  for  other  than  steam  turbine  drive. 
Apparently  this  type  of  generator  has  no  very  wide 
field. 

CONCLUSION 

This  history  is  admittedly  far  from  complete,  in 
that  it  has  not  mentioned  the  work  of  some  of  the 
earlier,  and  also  some  of  the  later  manufacturing  com- 
panies. The  field  is  far  too  large  to  permit  everything 
to  be  covered.  Moreover,  no  attempt  has  been  made 
to  describe  European  constructions  and  developments 
in  alternating-current  generators.  It  may  be  stated, 
however,  that  in  some  very  important  features,  Eu- 
ropean engineers  antedated  the  Americans,  while  in 
other  equally  important  constructions  American  de- 
signers were  first  in  the  field.  As  a  rule,  the  represen- 
tatives of  the  electrical  manufacturing  companies  have 
been  so  wide  awake  and  ready  to  adopt  new  principles 
when  they  contained  any  promise,  that  it  is  sometimes 
very  difficult  to  give  any  company  or  individual  proper 
and  deserved  credit  for  being  first  in  any  given  devel- 
opment. Furthermore,  no  attempt  has  been  made  to 
give  credit  to  the  various  engineers  who  have  been 
closely  identified  with  alternator  development,  for  it 
would  be  impossible  to  do  justice,  or  give  deserved 
credit  to  all  of  them. 


The  Protection  of  Transmission  Circuits 

by  Relays 

F.    E.lRlCKETTS, 
Electric  Division,  Consolidated  Gas.   Electric  Light  &  Power  Company.  Baltimore,  Md. 


THE  growth  of  the  electrical  industry  with  its 
accompanying  demand  for  greater  insurance 
for  continuity  of  service  has  resulted  in  num- 
erous developments  in  the  way  of  protective  apparatus 
during  the  last  few  years.  A  number  of  different 
ideas  have  been  presented  for  obtaining  selective  ac- 
tion from  different  types  of  relays,  and  along  this  line 
there  is  little  left  to  be  said  that  would  be  new  to  the 
average  electrical  engineer.  But  as  the  means  for 
carrying  out  these  ideas  have  not  been  standardized, 
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FIG.    I — CHAR.'VCTERISTIC   CURVE   OF  A    STAND.\RD   CIRCUIT   BREAKER 

there  are  a  number  of  types  of  relays,  with  widely 
■different  characteristics,  used  when  the  object  to  be 
accomplished  is  the  same.  It  is  my  object  here  to 
•differentiate  between  the  characteristics  of  some  of 
the  most  common  types  and  to  give  some  results  ob- 
tained both  in  tests  and  in  practical  operation. 

It  has  been  contended  by  some  that  extreme  ac- 
curacy in  the  operation  of  relays  is  unnecessary  and 
that  to  obtain  operations  within  fractions  of  seconds 
would  entail  an  unwarranted  e.xpense.  The  writer, 
however,  considers  that  accuracy,  in  the  operation  of 
relays,  particularly  in  their  time  setting,  is  of  para- 
mount importance,  since  the  time  of  a  few  cycles  dur- 
ing a  short-circuit  may  mean  the  dropping  of  synchro- 
nous load ;  and  it  can  be  seen  that  a  few  cycles  added 
to  the  setting  of  each  of  a  number  of  relays  operating 
in  series  may  amount  to  a  second  or  more  on  the  re- 
lays near  the  source  of  power.  Wherever  selective 
operation  is  to  be  accomplished,  some  type  of  time 
limit  relay  must  be  used.  In  some  cases  the  desired 
results  can  be  obtained  by  the  use  of  definite  time 
limit  relays  but  the  inverse  time  limit  relay  is  better 
adapted  to  the  conditions  generally  existing.  The  last 
named  type  is  sometimes  designed  to  operate  in  a 
■definite  time  at  high  values  of  current.  This  form  is 
•coming  more  and  more  into  use  and  is  probably  giving 
ibetter  results  than  any  of  the  others. 

\\"ith  respect  to  the  method  of  obtaining  the  time 


lag  on  these  relays,  they  are  divided  into  two  distinct 
classes,  namely,  those  that  obtain  the  time  lag  by  me- 
chanical means,  such  as  gears  or  bellows  and  those 
that  employ  magnetic  damping  means.  The  time  of 
the  first  class,  being  dependent  upon  friction,  can 
never  be  accurate  and  therefore  relays  of  this  class, 
in  order  to  operate  selectively  in  series,  must  be  set 
at  a  greater  time  difference  than  if  their  time  char- 
acteristics were  accurate.  The  time  of  the  second 
class  is  independent  of  friction  and  therefore  has  an 
accurate  time  characteristic.  The  time  difference  in 
the  setting  of  such  relays  when  operating  in  series 
to  give  selective  action  is  dependent  only  upon  the 
time  required  for  the  automatic  apparatus  connected 
with  them  to  perform  their  functions. 

In  order  to  obtain  satisfactory  results  from  the 
operation  of  relays  in  practice  it  is  necessary  to  know 
not  only  the  operating  characteristics  of  the  relays, 
but  also  those  of  all  the  automatic  apparatus  con- 
nected with  them.  With  the  object  of  obtaining  this 
information  a  ntmiber  of  tests  were  made  as  follows : — 

First,  the  operating  characteristics  of  two  oil  cir- 
cuit breakers  of  standard  make  were  determined  to 
be  as  shown  in  Figs,  i  and  2.  These  characteristics 
are  quite  dift'erent,  but  it  will  be  noted  that,  in  each 
case,  contact  is  broken  about  0.13  of  a  second  after 
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FIG.  2— OPERATING  CHAR.\CTERISTICS  OF  A  SECOND  STANDARD  CIR- 
CUIT BREAKER  WITH  THE  SAME  TIME  OF  BREAK  REQUIRED  AS 
IN   FIG.    I 

tripping  current  is  applied  to  the  switch  and,  as  one 
of  the  switches  opens  the  contacts  only  eight  inches, 
which  operation  requires  0.28  of  a  second,  this  time 
may  be  taken  as  the  maximum  time  required  for  a 
standard  switch  to  interrupt  a  short-circuit,  although 
the  circuit  may  be  broken  at  any  time  between  0.13 
and  0.28  of  a  second,  depending  upon  the  capacity 
being  interrupted. 

Then  four  oil  circuit  breakers,  having  character- 
istics similar  to  that  shown  in  Fig.  2,  each  being  con- 
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trolled  by  its  respective  relay,  were  connected  as 
shown  in  Fig.  3 ;  so  that  the  opening  of  any  oil  switch 
would  interrupt  the  circuit  of  the  actuating  coils  ol 
all  the  relays,  just  as  would  be  the  case  when  an 
equal  number  of  switches  were  controlling  four  cir- 
cuits   operating    in    series    in  a   distrii)uting  system. 


Dtrcct-Currrnl  Tripping  Source 


FIG.  3 — IlI.\(jK.\M   SHOWIXC  FOUR  OIL  CIRCUIT  BRF.AKE'kS  CON- 
TROLLED   BY    IXDIVIUU.AL    REL.'WS 

The  induction  relays.  R„  R,,  Rj  and  R,  close  the  direct- 
current  circuit  through  a  magnet  coil,  which  in  turn  closes  the 
trip  coil  circuit. 

Also  in  the  circuit  of  the  switches  was  an  ammeter 
for  measuring  the  current  in  the  circuit  and  a  cycle 
recorder  for  measuring  in  fiftieths  of  a  second  the 
time  during  which  the  current  continued  to  flow.  To 
demonstrate  the  selective  operation  of  the  relays  all 
of  them  were  adjusted  to  close  their  contacts  with  ten 
ainperes  in  their  actuating  coils.  Then  with  the  resis- 
tance R  adjusted  to  give  one  hundred  amperes  in  the 
circuit  of  the  relays,  the  switch  6"  could  be  opened  and 
closed  any  number  of  times  without  any  of  the  auto- 
matic switches  except  S-i  opening;  and  if  switch  S-t 
was  made  inoperative  S-3  would  operate  every  time 
without  disturbing  S-^  and  S-4:  likewise  with  S-i  and 
S-2  blocked  only  S-^  would  operate  and  with  S-i,  S-4 
and  S-^  blocked  S-4  would  open  the  circuit  every 
time  in  approximately  1.5  seconds.  The  above  is 
shown  diagrammaticallv  in  Fig.  4. 


FIG.  4 — 1»I.\GRAM.\T1C  REPRESENTATION  OF  SEQUENCE  OF  OPER.\- 
TIONS,  WITH  CONNECTIONS  AS  IN  FIG.  3.  AND  CURRENT  CURVE 
IN  PERCENT  OF  SHORT-CIKCUIT  CURRENT 

In  order  to  accomplish  the  above  results  within 
such  narrow  limits  it  was  necessary  that  the  relays 
should  be  extremely  accurate,  since  a  variation  in 
time  of  even  o.i  of  a  second  might  give  the  wrong 
sequence  of  operation  of  the  switches.  Therefore  an 


induction  type  overload  relay  which  employs  the 
magnetic  damping  principle  was  used  through- 
out, as  it  was  found  to  be  accurate  through 
any  number  of  tests  to  within  0.04  of  a  second.  This 
relay  is  shown  with  cover  removed,  in  Fig.  5.  In 
order  to  obtain  the  necessary  time  at  such  high  values 
<if  current  cacli  relay  was  provided  with  a  compensat- 
ing coil  which  not  only  made  it  possible  to  operate  the 
switches  selectively  at  very  high  current  values,  but 
also  insured  the  accuracy  of  the  relay  under  exces- 
sive flow  of  current  by  limiting  the  current  in  the 
actuating  coils  of  the  relays  to  a  value  near  that  at 
which  the  relays  were  set.  This  feature  does  away 
with  the  high  rate  of  speed  of  the  moving  element 
of  the  relays  which  usually  results  in  over-shooting 
and  the  consequent  tripping  of  the  oil  switch  after 
the  current  in  the  actuating  coil  has  been  reduced 
within  safe  limits.  In  jiractice  this  feature  is  of  ex- 
treme importance,  as  with  some  types  of  relays  the 
circuits  are  often  cut  out  after  the  trouble  is  clear. 


FIG.    5 — INDUCTION    TYPE    OVKKI.OAI)    RELAY    WITH    COVER    REMOVED 

In  Fig.  4,  A  shows  the  relative  values  of  current 
interrupted  by  the  different  switches.  Curve  A 
varies  for  diiTerent  generators,  but  the  values  here 
shown  are  a  fair  average.  .  It  will  be  noted  that 
switch  S-r.  the  one  farthest  from  the  source  of  en- 
erg}-,  is  called  upon  to  interrupt  approximately  55 
percent  of  the  maximum  short-circuit  current,  while 
switch  S-4  has  only  to  interrupt  aljout  25  percent  of 
the  maximum  or  one-half  of  that  interrupted  by 
switch  S-I.  This  shows  that,  if  the  relays  operate 
selectively,  there  is  a  possibility  of  the  strain  on  the 
switch  at  the  end  of  the  line  being  greater  than  that 
on  the  one  nearer  the  generator.  Of  course  there 
is  an  argument  that  the  current  interrupted  by  switch 
S-2  will  be  less  than  that  interrupted  by  S-4.  due  to 
the  greater  impedance  in  the  circuit,  but  this  decrease 
in  current  due  to  added  impedance  will  seldom  if  ever 
equal  the  increase  of  current  at  the  time  switch  S-i 
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opens,  due  to  the  greater  degree  of  magnetization  of 
the  system.  Further  if  switch  S-i  opens  the  circuit 
the  voltage  will  rise  instantly  to,  say,  55  percent  of 
normal,  tending  to  maintain  the  arc,  while  if  switch 
S--/  opens  the  circuit,  the  voltage  will  follow  the  arc 
to  25  percent  of  normal  and  then  slowly  to  normal. 


ll^^ma.'smmmnxmiimim 


FIG.  6 — OSCILLOr,R.\MS  SHOWING  BEH.WIOR  OF  VOLTLGK  .\  .\NI)  CUR- 
RF.N'T   B   BURING    SHORT-CIRCllT   AND   DIRECTLY    .\FTERW.\RDS 

These  percentages  are  assumed  for  comparison  and 
may  vary  under  different  conditions,  as  they  will  be 
atifected  by  both  the  characteristics  of  the  circuit  and 
the  apparatus  connected  thereto. 

For  an  illustration  of  the  building-up  of  the 
voltage  on  a  system  that  has  been  demagnetized  by 
the  effects  of  a  short-circuit  refer  to  Fig.  6,  which 
shows  the  voltage  A  and  current  S  on  a  60  cycle 
generator  which  was  short-circuited  for  about  one  and 
one-half  seconds.  It  will  be  noted  that  when  the 
short-circuit  was  interrupted  the  voltage  immediately 
rose  to  about  50  percent  normal  and  did  not  reach 
its  original  value  until  approximately  two  seconds 
after  the  short-circuit  was  interrupted.  This  test 
was  made  on  a  generator  without  load,  which  is  the 
most  favorable  condition  for  the  voltage  to  restore 
itself  after  a  short-circuit. 

In  some  cases  the  satisfactory  operation  of  low 
grade  switches  at  the  end  of  the  line  has  been  due 
to  the  fact  that,  owing  to  defective  operation  of  relays, 
other  switches  nearer  the  generators  have  also  opened 
on  severe  short-circuits,  this  reducing  the  strain  on 
the  switch  at  the  end  of  the  line. 

With  the  foregoing  information  it  is  possible  to 
relay  almost  any  distributing  system  so  that  in  case 
of  failure  of  any  piece  of  apparatus  only  the  switches 
directly  controlling  that  piece  of  apparatus  will  open, 
provided  certain  characteristics  of  that  particular  sys- 
tem are  taken  into  account.  A  simple  illustration  of 
the  setting  of  relays  to  accomplish  the  above  resiilt  in 
practice  is  as  follows : — 

Referring  to  Fig.  7, — /,  ,?  and  j  are  generators 
feeding  bus  ./;  4,  5  and  6  are  cables  connecting  bus  A 
with  a  sub-station  bus  B ;  and  7  and  8  are  sub-station 
machines.  As  a  general  rule  all  relays  on  a  distrib- 
uting system  should  be  set  to  trip  at  a  minimum  of 
300  percent  normal  full-load  current  except  receiving 
apparatus  such  as  rotary  converters,  motors  and  trans- 
formers which  should  be  set  for  a  minimum  of  400 
percent  full-load  current.  Unless  otherwise  stated 
these  values  will  be  assumed  in  the  present  discussion. 

Assume  that  machines  /,  J  and  J  have  a  rated 
capacity  of  100  amperes  each  and  that  the  regula- 
tion of  the  system  at  300  amperes  at  bus  S  is  15  per- 
cent; then  in  case  of  short-circuit  at  bus  B,  or  in  ma- 


chines 7  and  8,  the  maximum  current  during  the  first 
cycle  would  be  approximately  2  280  amperes  which 
would  decrease  to  aix>ut  900  amperes  in  approximate- 
ly one  second  as  shown  by  Fig.  6.  Then,  considering 
that  one  of  the  cables,  .;,  5  or  <5  is  out  of  service,  each 
of  the  remaining  cables  would  have  a  maximum  cur- 
rent of  I  140  amperes  and,  if  relays  at  p,  10  and 
//  are  set  to  give,  at  this  value  of  current,  a  time  of 
0.5  of  a  --econd,  any  breakdown  beyond  relays  rs  and 
/  ?,  which  are  set  to  operate  in  0.08  of  a  second  at  i  140 
amperes,  would  be  cut  out  by  switch  at  12  or  13  with- 
out either  of  the  switches  10  or  //  opening.  When 
all  three  cables  are  in  service  the  current  in  each  cable 
would  be  less,  which  would  result  in  a  greater  margin 
for  selection.  Relays  at  14,  75  and  16  should  be  set 
to  operate  in  0.92  of  a  second  with  i  140  amperes 
flowing  in  each  cable  so  that  they  could  never  oper- 
ate sooner  than  the  corresponding  relays  at  p,  10  and 
//,  provided  the  current  is  feeding  through  the  cable 
to  bus  B,  but,  if  one  of  the  cables  should  short-circuit, 
say  at  X,  then  the  current  flowing  through  the  relay 
at  14  may  exceed  by  a  considerable  amount  the  maxi- 
mum current — i  140  amperes — at  which  it  has  to 
select  over  relay  at  p.  Under  these  conditions  the  re- 
lay at  14  may  operate  in  approximately  o.i  of  a  sec- 
ond and  the  current  feeding  back  through  p  would  be 
twice  that  flowing  in  10  or  //,  so  that  cable  4  would 
be  cleared  in  a  small  fraction  of  a  second  while  all  of 
the  other  apparatus  would  remain  to  operate  only 
when  trouble  occurs  in  the  machine  which  it  controls. 
This  can  be  done  best  by  using  three  straight  over- 
load relays  for  each  machine,  each  relay  to  be  con- 
nected to  two  current  transformers  connected  one  at 
cither  end  of  one  phase  of  a  machine,  so  that  no  cur- 
rent flows  in  the  actuating  coil  of  the  relay  when  the 
machine  is  operating  normally-,  but  as  soon  as  there 
is  trouble  in  the  machine  current  will  pass  through 
one  transformer  without  passing  through  the  other 
and  the  relay  will  operate  instantly. 
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FIG.     7 — SINGLE-LINE    nl.\GR.\M     SHOWING    TYPICAL    CONNECTIONS 
FOR   A   CENTR.\L   ST.\TION   .\ND  ONE    SUB-ST.\T10N 

It  must  be  remembered  that  when  straight  over- 
load relays  are  used,  it  is  necessary  to  have  three 
pieces  of  apparatus  in  parallel  in  order  to  insure  the 
service  beyond  the  said  apparatus.  For  example  there 
must  be  at  least  three  cables  from  a  generating  station 
to  a  sub-station  in  order  to  insure  the  service  at  the 


230 


THE  ELECTRIC  JOURNAL 


sub-station  when  one  of  the  cables  fails :  During  the 
time  the  Consolidated  Gas  Electric  Light  &  Power 
Company  of  Baltimore  has  used  the  principle  outlined 
in  reference  to  Fig.  7  for  setting  relays,  there  have 
been  a  number  of  cable  breakdowns,  and  in  no  case 
has  any  apparatus  other  than  the  damaged  cable  been 
disconnected  from  the  system  and,  owing  to  the  short 
time  necessary  to  give  selective  action  with  the  re- 
lays in  use,  the  damage  to  cables  has  apparently  been 


FIG.  8 — REL.W  CONNECTIONS  WITH  SELECTIVE  WATT  ELEMENT 
IKSURIXC  OPERATION  OF  RELAYS  FOR  ONE  DIRECTION  OF  CURRENT 
ONLY 

no  greater  than  previously  when  in  each  case  a  num- 
ber of  oil  switches  would  open  simultaneously. 

The  above  is  to  illustrate  the  principle  of  setting 
straight  overload  relays  with  inverse  time;  however, 
much  better  results  can  be  obtained  by  using,  in  con- 
nection with  the  overload  relays,  a  selective  watt 
element  which  makes  the  relay  operative  on  energ>' 
flowing  in  only  one  direction,  which  not  only  insures 
against  the  opening  of  switches  when  current  is  flow- 
ing in  a  direction  in  which  it  is  never  advisable  to 
interrupt  it  but  also  reduces  the  time  necessary  for 
the  selective  operation  of  a  number  of  relays  in  series 
by  one-half.  Since  these  selective  elements  depend 
upon  voltage  for  their  operation  and  as  the  voltage 
is  a  very  uncertain  factor  in  times  of  trouble,  the  fol- 
lowing tests  will  serve  to  show  the  possibilities  and 
limitations  of  this  device:^ 

Connections  were  made  as  shown  in  Fig.  8,  the 
selective  watt  relays  being  connected  to  open  the  trip- 
ping circuit  of  the  overload  relays  when  current 
flowed  from  the  generator  to  the  cable  C  and  the  over- 
load relays  were  set  to  trip  at  about  full  load  of  the 
generator.  The  cable  was  of  such  length  that  the 
ohmic  drop  in  each  conductor  was  1.14  percent  of  the 
normal  voltage  of  the  generator  when  current  equal- 
ing the  sustained  short-circuit  current  of  the  gener- 
ator flowed  in  the  conductors.  With  the  above  con- 
ditions, an  arc  was  started  at  the  end  of  the  cable  at 
5"  at  which  point  the  conductors  were  the  same  dis- 
tance apart  as  in  the  cable.  The  generator  switch 
did  not  trip  on  a  number  of  tests  but  when  the  poten- 
tial circuits  of  the  selective  relays  were  reversed  giv- 


ing the  conditon  of  reverse  energ}'  the  generator 
switch  would  trip  on  each  occasion  that  an  arc  was 
started  at  S.  These  results  showed  that  the  selective 
watt  relays  can  be  depended  upon  to  make  the  over- 
load relays  inoperative  when  energy  flows  in  one  di- 
rection in  a  circuit,  while  they  do  not  interfere  with 
their  operation  while  energy  flows  in  the  reverse  di- 
rection, provided  the  voltage  of  the  circuit  is  not  less 
than  two  percent  of  normal  at  the  point  from  which 
the  selective  relays  receive  their  potential.  But  when 
the  cable  was  only  a  few  feet  long  it  was  found  that 
the  voltage  across  the  arc  at  S  was  not  sufficient  to 
give  the  required  potential  for  the  relays,  and  their 
operation  was  the  same  regardless  of  the  direction  of 
energ)'  flow  in  the  conductors.  In  all  of  the  above 
tests  the  current  in  the  relay  circuits  was  approxi- 
mately ten  amperes.  The  above  would  seem  to  indicate 
that,  while  the  selective  relays  can  be  used  to  good  ad- 
vantage where  the  conductors  are  of  sufficient  dis- 
tance apart  to  give  the  required  voltage  across  an  arc 
to  operate  the  selective  relays,  as  a  general  rule  they 
would  not  be  applicable  to  cable  protection. 

To  show  the  advantages  gained  by  the  use  of 
selective  watt  relays  wherever  conditions  will  insure 
the  necessary  voltage  for  their  proper  action,  refer- 
ence is  made  to  Fig.  9,  which  illustrates  a  ring 
system  of  distribution.  The  ring  is  made  up  of  three 
sub-stations  and  a  generating  station  connected  in 
series  by  cables  forming  a  ring.  At  each  end  of  each 
cable  there  is  a  switch,  each  switch  being  controlled 
by  an  overload  selective  watt  relay  with  compensating 
coil  to  give  selective  action  as  shown  in  Fig.  10.  These 
relays  will  operate  only  when  energ)'  flows  through  the 
switches  in  the  direction  indicated  by  the  arrows.    The 
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FIG.   9 — A  RING   SY.STEM   OF  PO\VER  DISTRIBUTION   WITH   RELAY 
PROTECTION 

total  generating  capacity  feeding  through  the  im- 
pedance of  the  entire  ring  was  calculated  and  then,  as 
explained  in  reference  to  Fig.  7,  the  maximum  cur- 
rent that  could  flow  through  the  relays  at  G  and  B  in 
the  direction  indicated  by  the  arrow  was  determined  to 
be  3  600  amperes.  Therefore,  at  this  value  of  current, 
all  of  the  relays  operative  when  current  flows  around 
the  ring  in  one  direction  were  made  selective  by  1/3 
of  a  second  as  shown  in  Fig.  10.     Then  the  regulation 
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of  the  system  feeding  eitlier  wav  tlirou,L;li  the  riiif;  to 
sub-station  2  with  maximum  capacity  in  generators 
was  such  as  to  give  a  maximum  current  feeding  either 
way  to  sub-station  i"  of  4  500  amperes  ;  therefore  at  this 
current,  relays  operative  on  energy  flowing  either  way 
through  the  ring — relays  at  H  and  F  or  A  and  C — 
should  be  selective  by  at  least  1/3  of  a  second.  In  or- 
der to  make  the  relays  selective  at  lower  values  of  cur- 
rent, each  relay  is  set  to  trip  at  lOO  amperes  less  than 
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FIG.    10 — CURVES   SHOWING   SELECTIVE   .\CTION'  OF  REL.WS  OF  FIG.   IJ 

the  one  next  succeeding  feeding  either  way  arcnmd  the 
ring. 

From  Ihc  above  it  can  be  seen  that  in  case  of 
short-circuits  on  cither  of  the  feeders  leaving  the  gen- 
erating station  this  feeder  would  be  cut  out  at  both 
ends  while  all  the  sub-stations  would  be  fed  around 
the  ring  in  the  other  direction.  And  if  a  short-circuit 
should  occur  in  one  of  the  tie  cables,  say  between 
sub-stations  2  and  .?,  switches  at  E  and  /'  would  open. 
leaving  sub-station  _?  feeding  from  one  directidn  and 
sub-stations  /  and  -'  feeding  from  the  other.  Any 
trouble  that  might  occur  in  one  of  the  sub-stations 
would  be  cleared  by  the  opening  of  the  switches  at 
the  remote  ends  of  the  cables  supplying  that  station 


withuul   interrupting   service   to   either   of    the   other 
stations. 

While  the  aij<jve  is  in  reference  to  a  system  of 
three  sub-stations,  the  principle  on  which  the  relays 
are  set  will  apply  with  equal  accuracy  to  a  system 
of  any  number  of  stations  such  as  that  in   Fig.    11, 
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The  diagram  in  the  middle  shows  the  connections  of  the 
selective  watt  type  of  relay. 

which  involves  seven  sub-stations,  and  in  fact  the  fun- 
damental idea  of  allowing  the  feeder  switches  at  sub- 
stations to  open  automatically  only  in  response  to  en- 
ergy flowing  away  from  the  sub-station  bus-bars  is  ap- 
plicable to  systems  in  general,  whether  the  feeders  are 
working  in  series  or  in  parallel. 


Shop  Testing  of  Electrical  Apparatus— XVI 


SINCiLE-PHASE  TRANSFORMERS 
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()  ORTAIX  a  comi)lcte  knowledge  of  the  per- 
formance of  a  transformer,  the  following  tests 
are  recjuired : — 

1 — Tests  for  dclcrininiiig  continuity  of  service ;  temper- 
ature and  insulation. 

2 — Tests  for  determining  the  quality  of  the  service;  re- 
sistances ;  impedance  and  regulation. 

3 — Tests  for  determining  the  economy  of  operation  ;  iron 
loss ;  copper  loss ;  exciting  current  and  clVicicncy. 

4 — Tests  to  determine  correctness  of  internal  connections: 
ratio  and  polarity. 

For  convenience  in  making  the  tests,  they  are 
usually  not  run  in  the  order  given  above.  Some 
should  be  made  when  the  transformer  is  cold,  others, 
when  it  is  at  its  full-load  operating  temperature.     In 


general,  a  complete  test  is  run  on  only  one  transformer 
of  a  lot,  and  the  others  are  only  checked  sufficiently 
to  determine  their  conformity  to  the  sample. 

Oil  insulated  transformers  should  always  be 
tested  under  oil,  if  the  voltage  used  in  the  test  ap- 
proaches normal  potential.  The  insulation  on  low 
voltage  transformers  will  ordinarily  stand  up  to  nor- 
mal test  potential  without  the  presence  of  oil,  but 
taking  unnecessary  risks  is  inadvisable.  While  sora^ 
tests  are  made  customarily  by  transformer  manufac- 
turers before  the  transformer  is  placed  in  its  case,  as 
a  matter  of  convenience,  after  the  transformer  has 
once   been   completely   assembled   all  tests   should   be 
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made  witli  the-  transformer  as   nearly  as  possible   in 
norm.il  operating  condition. 


RATIO 


The  ratio  of  a  transformer  is  the  numerical  ratio 
of  the  primary  voltage  to  the  secondary  voltage,  and 
should  be  the  same  as  the  ratio  of  the  number  of 
primary  turns  to  the  number  of  secondary  turns. 

When  testing  a  transformer  for  ratio,  the  first 
step  is  to  apply  a  low  voltage  to  the  total  high  tension 


FIG.     I — DEVELOPMENT    OF    WINDING    FOR    A    SINGLE-PHASE    33  000 
TO  2300  VOLT,  60   CYCLE    TRANSFORMER 

winding  and  checl<  the  order  and  position  of  terminals 
as  shown  in  its  wiring  diagram.  Usually  about  one 
hundred  volts  is  sufficient.  After  having  checked  the 
numbering  and  location  of  the  terminals  on  the  termi- 
nal board,  the  complete  ratio  is  usually  best  deter- 
mined by  impressing  one  volt  per  turn  on  the  total 
high  tension  winding,  as  in  this  way  the  number  of 
turns  is  then  read  directly  in  volts.  If  one  volt  per 
turn  would  not  give  a  readable  deflection  on  the  most 
accurate  part  of  the  voltmeter  scale,  the  applied  volt- 
age may  be  changed  to  some  even  fraction  or  multiple 
thereof,  as  the  case  may  demand,  providing  the  voltage 
does  not  exceed  the  rated  voltage  of  the  transformer. 

When  checking  tap  ratios  by  the  ordinary  method 
on  small  capacity,  high  voltage,  core-type  transform- 
ers, it  is  almost  impossible  to  obtain  accurate  ratios 
of  the  taps  by  reading  the  voltage  over  the  taps,  since 
the  current  taken  by  the  voltmeters  is  an  appreciable 
load  for  that  part  of  the  winding,  in  series  with  the 
rest  of  the  winding,  causing  a  voltage  drop  which 
causes  an  apparent  error  in  the  ratio  of  the  taps.  To 
obtain  the  ratio  of  the  taps  on  such  a  transformer,  it 
is  necessary  to  apply  at  least  one  volt  per  turn  to  the 
high  tension  windings  and  read  the  voltage  on  the  low 
tension.  Then,  by  cutting  out  the  taps  on  the  high 
tension  one  after  another,  and  applying  one  volt  per 
turn  to  the  remainder  of  the  high  tension  winding, 
one  volt  per  turn  should  be  read  in  each  case  on  the 
low  tension  winding. 

The  ordinary  method  of  procedure  may  best  be 
understood  from  the  following  examples  : — 

A  diagram  of  a  single-phase  33  000  volt  high  ten- 
sion— 2  300  volt  low  tension.  60  cycle,  core-type  trans- 
former having  9  758  turns  in  the  total  high  tension 
windings  and  680  turns  in  the  total  low  tension  wind- 
ings, is  shown  in  Fig.  i,  giving  the  number  of  turns  in 
the  respective  windings  and  the  location  of  the  taps. 
The  various  taps  should  be  stepped  out  and  checked 


f(jr  position  as  indicated  above.  The  low  voltage  ap- 
plied may  be  of  any  convenient  value,  such  as  200  to 
300  volts.  The  ratio  test  proper  may  then  be  taken 
up.  Not  less  than  one-half  volt  per  turn  should  be 
impressed  on  the  high  tension  winding  of  a  trans- 
former of  this  size.  Since  there  are  9  758  turns  on  the 
higli  tension  winding,  this  will  necessitate  4879  volts 
on  the  total  high  tension  and  there  will  l)e  340  volts 
on  the  low  tension  if  the  ratio  is  correct.  The  taps  on 
the  high  tension  side  are  then  checked  by  cutting  out 
the  part  of  the  winding  from  s  to  ?,  this  being  done  by 
means  of  a  connector  for  connecting  terminals  3  to  4. 
Apply  one-half  \olt  per  turn.  ;'.  c'..  4635  volts  to  the 
remainder  of  the  high  tension  winding  and  read  the 
low  tension  voltage ;  this  sliould  still  be  340  volts.  In 
a  like  manner  the  taps  8  and  9  are  tested. 

The  low  tension  taps  should  be  checked  by  im- 
pressing one  volt  per  turn  on  the  low  tension  wind- 
ings and  reading  the  voltages : — 

II  -^  12  =  30  vohs  =  30  turns. 
13  —  14  =  59  volts  =  59  turns. 

If  the  ratio  test  is  made  with  the  transformer  out 
of  the  tank,  care  should  be  taken  that  a  core  type 
transformer  is  not  placed  close  to  a  cable  carrying  a 
large  current  of  the  same  frequency  as  that  being  used 
for  the  ratio  test,  as  there  is  a  possibility  that  the  stray 
field  from  the  cable  will  pass  through  one  side  of  the 
core,  which  will  tend  to  cause  an  apparent  error  in  the 
ratio. 

As  a  second  example,  consider  a  single-phase, 
2200  volt  to  220-110  volt,  60  cycle,  manhole  trans- 
former having  200  turns  on  the  high  tension  windings 
and  20  turns  in  the  low  tension  windings.  Fig.  2 
gives  the  development  of  the  winding,  number  of 
turns  and  location  of  taps  in  the  respective  windings, 
together    with    terminal    board    showing   the    location 
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FIG.     2 — DEVELOPMENT    OF    WINDING    FOR     TEST     PURPOSES     ON     Al 
2  200  TO  220-110  VOLT,  60   CYCLE,    MANHOLE  TRANSFORMER 

and  numbering  of  terminals.  Applying  about  100 
volts  to  the  total  high  tension  winding,  the  location 
and  numbering  of  terminals  is  checked  as  in  the  ex- 
ample above.  The  most  convenient  voltage  for  use 
in  checking  the  ratio  of  this  transformer  should  be 
five  volts  per  turn  impressed  on  the  high  tension,  as 
this  voltage  will  enable  the  test  to  be  completed  with 
only  one  voltmeter.  Apply  i  000  volts  to  the  total  high 
tension  winding  from  /  to  4.  There  should  then  be  100 
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volts  across  the  total  low  tcnson  winding.     Tlie  taps 
on  the  high  tension  should  be  read  as  follows : 

;  —  .'  =:  100  volts  —  20  turns. 

_j  —  ./=    50  volts  =  10  turns. 

The    ratio   of    the    low    tension    taps    should    he 

checked  by  reading  the  voltage  from 

./  to  S  •=    50  volts  =  10  turns. 
C  xo  D  =   50  volts  =  10  turns. 
A  to  D  with  B  and  C  connected  =  100  volts  =  20  turns. 

As  a  general  rule  the  ratio  test  can  be  made  with- 
cuit  immersing  the  transformer  in  oil.     In  exceptional 

i 


FlJ.  3  Fig.  4 

FIGS.  3  .\XD  4 — DI.\CR.'VMS  SHOWING  INST.'VNTANEOUS  DIRECTIONS 
OF  VOLT.\GES  FOR  THE  TWO  POSSIBLE  ARR.\NGE.V1ENTS  FOR 
POL.\RITy 

The  polarity  shown   in  Fig.   3   is   usually   designated  as 
negative,  tliat  in  Fig.  4  as  positive. 

cases  in  which  it  becomes  necessary  to  apply  approxi- 
mately normal  voltage  to  a  high  voltage  transformer 
the  test  should  be  made  under  oil.  Extreme  accuracy 
should  be  exercised  in  making  these  tests,  as  a  small 
difference  in  ratio  may  cause  circulating  currents  be- 
tween transformers  operating  in  parallel. 

rOL.^RITV* 

Transformers  are  generally  designed  so  that  the 
instantaneous  direction  of  the  current  in  certain  leads 
is  the  same  in  all  transformers  of  the  same  type,  in 
order  that  similar  leads  of  different  transformers  may 
be  connected  together  for  parallel  operation.  In  some 
cases  it  is  standard  practice  to  build  transformers  so 
that  the  instantaneous  direction  of  current  is  that  in- 
dicated in  Fig.  3  In  other  cases,  however,  the  stand- 
ard is  to  have  the  polarity  just  the  reverse  of  this,  as 
indicated  in  Fig.  4.  With  the  connections  shown  in 
Fig.  3,  the  potential  stress  between  the  voltmeter  ends 
of  the  primary  and  secondary  coils  is  less  than  with 
the  connections  shown  in  Fig.  4  by  an  amount  equal  to 
twice  the  secondary  voltage.  When  the  two  coils  are 
not  connected,  this  ditTerence  is  not  .so  great,  but  the 
stress  betw-een  primary  and  secondary  is  always  less 
with  the  polarity  as  shown  in  Fig.  3,  than  with  that 
shown  in  Fig.  4.  The  polarity  test  should  be  made 
while  stepping  out  for  tlie  position  and  numbering  of 
the  terminals  with  a  low  voltage,  as  described  above 
under  ratio  tests.     The  proper  method  of  testing  for 


polarity  is  to  connect  the  highest  numbered  lead  on 
the  high  tension  to  the  lowest  numbered  lead  on  the 
low  tension  side,  as  indicated  in  Figs.  3  and  4.  A  low 
voltage  should  then  be  applied  across  leads  /  and  2 
and  a  voltmeter  having  a  range  sufficient  to  indicate 
the  sum  of  the  high  tension  and  low  tension  voltages 
should  be  connected  across  leads  /  and  ./.  Then,  with 
a  transformer  such  as  given  in  Fig.  3,  the  voltmeter 
should  indicate  the  difference  of  the  high  tension  volt- 
ages, as  shown.  Should  tiie  voltmeter  indicate  the 
sum  of  the  high  tension  and  low  tension  voltages,  the 
polarity  is  that  shown  in  Fig.  4. 

Where  a  transformer  is  available  whose  charac- 
teristics are  known,  as  is  usually  the  case  with  dis- 
tributing transformers,  the  ])olarity  may  be  checked 
by  connecting  the  transformer  under  test  to  the  stand- 
ard transformer,  with  the  primaries  in  parallel  and 
the  secondaries  in  series,  as  shown  in  Fig.  5.  If  the 
secondary  voltages  as  measured  by  the  voltmeter  are 
identical  the  ratio  of  the  transformer  under  test  is 
correct.  If  the  two  lamps  light  up,  the  polarity  is 
correct.  The  transformer  secondaries  may  also  be 
connected  in  parallel,  with  the  homologous  leads  on 
one  side  of  the  transformer  connected  together  and 
lamps  connected  across  the  remaining  two  leads.  In 
this  case  the  lamps  should  remain  dark  if  the  polarity 
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*See  article  by  Mr.  \V.  M.   McConahcy,  in  the  Jol'rx.\l 
for  July,   1912,  p.  613. 


HG.     5 — CONNECTIONS     FOR     DETERMINATION     OF     P0L.\R1TY     .\XD 
RATIO     BV     CO.MTARISON     WITH     A     TRANSFORMER     OF     KNOWN 

rn  M; ACTERISTICS 

is  correct.  The  objection  to  this  latter  method  is  that 
an  open  circuit  will  also  cause  the  lamps  to  remain 
dark. 

PARALLEL  TEST 

The  parallel  test  is  to  determine  whether  there  is 
any  circulating  current  between  parts  of  the  trans- 
former windings  which  are  designed  to  operate  in 
parallel.  Should  there  be  any  error  in  the  ratio  of  the 
parts  intended  for  parallel  operation  it  will  appear  in 
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the  parallel  test.*  The  method  of  procedure  may  be 
better  understood  from  the  following  example  of  a 
transformer  having  two  coils  in  the  high  tension 
winding  wliich  may  he  operated  in  i)aralkl,  and  four 
coils  in  the  low  tcn>ion  winding  which  may  Ijc  oper- 
ated in  parallel. 

The  leads  of  the  same  polarity  from  all  the  coils 


f(ir  parallel  in  the  same  manner  as  the  low  tension, 
/.  c,  terminals  /  and  ?  should  be  connected  on  the  ter- 
minal board,  as  shown  in  Fig.  7,  and  a  low  voltage 
■-h.iuld  then  be  applied  to  the  low  tension  in  series  and 
the  terminals  3  and  /  touched  together  by  means  of 
the  stick  and  wire,  .'should  there  be  no  spark,  normal 
voltage  should  lie  aiJ])lied  to  the  low  tension  and  the 


in  the  low  tension  arc  connected  together,  as  shown  high  tension  tested  again.  .Should  a  spark  apix-ar.  the 
in  Fig.  6,  by  connecting  terminals  5,  7,  p  and  //on 
the  terminal  Ijoard  by  means  of  the  connectors  provided 
for  that  puri)ose.  Then  comiect  one  end  of  a  fine 
wire  to  terminal  6  and  the  other  end  of  the  wire  to  the 
end  of  a  clean  dry  stick  (such  as  may  be  handled  with 
perfect  safety)  in  such  a  manner  as  to  leave  a  short 
piece  of  wire  free.  -Vpply  about  ten  percent  of  nor- 
mal voltage  to  the  transformer.  The  end  of  the  wire 
should  then  be  touched  in  >uccession  to  terminals  <S', 
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FIGS.  6  .\>;D  7 — m.\GR.\MS  SHOWING  WIRING  .\ND  TERMIN.\L  CON- 
NECTIONS FOR  r.\R.\LLF.I,  TF.ST  ON  SECOND.M<Y  .\ND  PRIMARY 
RESPECTIVFLY 

10  and  /_'.  If  no  spark  is  obser\c(l  in  any  of  the 
parallels  normal  voltage  should  lie  applied  to  the  Iiigh 
tension  and  the  operation  should  be  repeated.  Should 
a  spark  be  observed  in  any  parallel,  an  ammeter  should 
be  inserted  in  the  circuit  between  terminal  6  and  the 
terminal  at  which  the  spark  was  observed.  The  cir- 
culating current  should  not  be  great  enough  to  cause 
objectionable  heating.  The  ammeter  used  to  read  the 
circulating  current  should  have  a  very  small  impe- 
dance drop,  since  otherwise  its  impedance  may  be  suf- 
ficient to  reduce  the  circulating  current  to  a  negligible 
value,  whereas,  the  ma.xiimum  value  of  the  circulating 
current  is  sought. 

The  halves  of  the  high  tension  should  be  tested 


*In  a  ."ihell-type  transformer  having  a  very  long  core,  1 
.small  circulating  current  may  flow,  due  to  magnetic  leakage, 
even  when  the  ratios  are  exactly  correct.  This  is  in  no  way 
detrimental  to  the  performance  of  the  transformer,  as  it 
means  only  that  a  part  of  the  core  is  being  magnetized  from 
the  secondary. 


value  of  the  circulating  current  should  be  determined 
a>  directed  above.  Care  should  be  taken  not  to  touch 
any  two  terminals  togetlier  except  those  of  similar 
polarity. 

MEASURE.MIiNT  OF   KF.SIST.\NCF. 

In  general,  two  methods  are  in  use  for  determin- 
ing the  resistance  of  various  windings : — The  fall  of 
potential  or  voltmeter-ammeter  method,  and  the  direct 
measurement  by  means  of  a  suitable  bridge.*  Bridge 
methods  on  account  of  their  convenience,  rapidity  and 
accuracy  are  to  be  used  in  all  cases  possible.  For  the 
\ery  low  resistances  of  large  transformer  secondaries, 
the  fall  of  potential  method  is  usually  the  only  accu- 
rate method  available. 

Ordinarily,  less  dilificulty  is  encountered  in  mak- 
ing e.xact  resistance  measurements,  than  in  determin- 
ing tlie. temperature  of  the  copper  at  the  time  the  meas- 
urements are  taken.  Readings  to  determine  the  cold 
resistance  should  not  be  taken  unless  the  transformer 
has  been  standing  in  a  room  for  from  four  to  twenty 
hours,  depending  on  the  size  of  the  transformer,  with- 
out any  great  change  in  temperature.  Thermometers 
-hould  be  placed  as  close  to  the  copper  as  possible,  and 
in  large  transformers,  at  both  the  bottom  and  top  of 
the  windings,  as  the  air  is  frequently  warmer  at  the 
top.  In  oil  cooled  transformers  the  temperature  of 
the  oil  is  taken  as  that  of  the  transformer,  after  it  has 
stood  for  several  hours. 

When  measuring  resistance  by  the  fall  of  poten- 
tial method,  the  readings  should  not  be  taken  until 
the  current  has  reached  its  maximum  steady  value, 
which  mav  require  several  minutes,  as  otherwise  the 
induced  e.m.f.  produced  by  the  changing  flux  will 
cause  an  error.  In  a  high  potential  transformer,  the 
direct  current  should  be  built  up  and  reduced  gradu- 
ally by  means  of  a  rheostat,  or  other  similar  means,  as 
any  rapid  change  in  current  strength  and  correspond- 
ing flux,  such  as  by  opening  a  switch  suddenly,  may 
produce  an  excessive  potential. 


*See  the  Jour.n.^l  for  February,  1913,  p.  145. 
{To   he  contmucd) 


Experience  on  the  Road 

A  PECULIAR  TRANSFORMER  CONNECTION 
L.  M.  Klauber 


THREE  75  k.v.a.  transformers  connected  in 
closed  delta  were  installed  to  furnish  power 
for  an  anniseinent  ])ark  having  a  total  con- 
nected load  of  240  horse-power,  in  three-phase  induc- 
tion motors.  The  transformers  were  installed  as  a 
step-down  bank  reducing  the  voltage  from  1 1  000 
to  460. 

At  the  time  the  transformers  were  first  placed 
in  service,  the  park  was  just  beginning  operations  and 
the  total  connected  load  was  somewhat  under  50 
horse-power,  with  a  rather  low  demand  facti:)r.  At 
this  time  the  service  appeared  excellent  but  gradually 
as  the  various  concessions  were  put  into  operation  it 
was  noticed  that  the  regulatifin  on  the  460  volt  sec- 
ondaries was  pcx)r;  and  finally,  when  an  attempt  was 
made  to  put  normal  load  on  the  100  horse-power 
cage-wound  motor  o])erating  the  scenic  railway,  the 
secondary  voltage  fell  to  approximately  200  volts  at 
the  substation  switchboard  and  the  transformers 
heated  very  rapidly. 

A  hurry  call  to  the  central  station  supplying  the 
power  brought  out  some  investigators  equipped  with 
instruments  and  confidence.  ISut  the  problem  was 
not  solved  as  quickly  as  was  ex[)ected.  It  was  thought 
at  first  that  a  simple  case  of  a  blown  fuse  and  an 
attempt  to  run  the  motors  single  phase  would  be 
found,  but  preliminary  tests  showed  460  volts  across 
each  phase  of  the  secondary  and,  as  no  motors  were 
operating,  it  was  seen  that  both  primary  and  second- 
ary fuses  must  be  intact  since  no  other  condition  could 
produce  even  an  approximate  triangle  of  voltages  on 
the  secondary. 

The  external  wiring  was  then  checked  and  found 
correct.  The  motor  loads  were  tested  and  found  to 
be  within  the  rated  capacity  of  the  bank.  Tests  were 
then  made  by  means  of  "split  ring''  current  trans- 
formers and  ammeters  for  circulating  currents  in  the 
primary  and  secondary  deltas  and  for  abnormal  cur- 
rents in  each  transformer,  but  without  result.  The 
voltage  on  the  1 1  000  volt  incoming  line  was  investi- 
gated by  means  of  the  single-phase  liank  supplying 
light  to  the  park,  and  it  was  seen  that  the  poor  regu- 
lation did  not  exist  in  the  primary  lines.  Attempts 
were  made  to  run  in  open  delta  with  each  transformer 
cut  out,  but  there  was  no  im[)rovement.  In  fact  all 
conditions  appeared  normal  except  for  the  very 
evident  fact  that  the  transformers,  although  giving 
proper  voltage  and  perfect  service  at  light  loads,  ab- 
solutely refused  to  carry  loads  considerably  below 
their  rated  capacity. 

The  complete  voltage  rating  of  the  transformers 
was  1 1  000 — 10  500 — 10  000  to  2  300 — 460.  the  change 
in  secondary  being  made  by  copper  links  in  the  usual 
way.  The  electrician  who  had  installed  the  trans- 
forniers   insisted   that   the   internal   connections    were 


correct;  nor  was  it  seen  how  conditions  could  be 
otherwise  without  causing  either  a  short-circuit,  an 
open  circuit  or  at  least  an  incorrect  secondary  voltage. 
However  after  all  theories  and  tests  had  failed  to 
locate  the  trouble,  an  investigation  was  made  of  the 
terminal  board  two  feet  under  the  hot  oil,  and  the 
cause  of  the  trouble  was  at  once  evident.  Two  of  the 
links  were  missing. 

The  secondary  connections  of  a  single  trans- 
former are  shown  in  Fig.  i-a.  The  missing  links  were 
the  larger  ones  shown  by  broken  lines.  It  afterwards 
developed  that  they  had  not  been  shipped  with  the 
transformers,  and  it  will  be  noted  that  they  are  not 
necessary  when  connecting  the  transformer  for  a 
secondary  voltage  of  2  300. 

The  peculiar  result  of  normal  voltage  at  light 
loads  and  very  low  voltage  even  at  loads  considerably 
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below  rating,  will  be  clearly  seen  in  Fig.  i-b.  which 
shows  the  voltage  relations  of  the  individual  coils. 
Coils  3,  ?.  and  4  in  parallel  with  each  other  are  in 
series  with  coils  /,  and  5.  but  the  voltage  across  3,  5 
and  7  (460  y.)  is  in  opposition  to  that  across  /  and  5 
totaling  920  \'.  thus  leaving  a  resultant  across  the 
transformer  of  460  or  normal  voltage. 

But  when  full  rated  load  (at  460  volts)  is  put 
on  the  transformer  with  this  connection,  coils  /  and  5 
are  each  carrying  five  times  full  load  current,  while 
coils  3.  3  and  4  each  carr}-  five  thirds  of  the  rated  load. 
.\s  might  be  expected  the  drop  across  coils  /  and  5 
is  very  great  and  although  it  is  also  considerable 
across  3.  5  and  7,  these  coils  do  not  suflfer  so  much, 
so  that  the  net  voltage  across  the  transformer  term- 
inals falls  ofi'  considerably  as  was  noted.  The  cause 
of  the  heating  is  also  apparent. 

After  the  missing  connectors  were  installed  the 
transformers  gave  no  further  trouble.  It  was  con- 
sidered fortunate  that  these  transformers  withstood 
this  difficult  service  without  permanent  injury. 


The  Journal  Question  Box 

Our  BulMCnbtfri  are  invited  to  lue  thi*  department  as  a  meani  of  MCuring  authentic  information  on  electrical  and  mechanical  cubjecta. 
The  topica  ihouM  be  of  general  internt:  information  involving  the  ipeciTic  deugn  of  individual  piecea  of  apparatua  cannot  be  supplied.  Care 
should  be  used  to  include  all  data  necessary  for  an  intelligent  answer. 

A  personal  reply  is  mailed  to  each  questioner  as  soon  as  the  necessary  information  can  be  secured,  providing  a  self-addressed,  stamped 
envelope  accompanies  the  query.  As  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reasonable  length  of  tima 
should  be  allowed  before  expecting  an  answer. 


1041 — Testing  Automobile  Genera- 
tors—  I'k-asu  outline  a  set  of  tests 
to  make  on  automobile  lighting  gen- 
erators and  starters,  so  as  to  enable 
one  to  make  comparative  tests  of  the 
different  makes.  p.  j.  (ohio) 

The  most  satisfactory  method  of 
making  a  bench  test  on  a  starting  motor 
is  to  make  an  ordinary  brake  test  with 
the  motor  connected  directly  to  the 
storage  battery  with  which  it  will  lie 
used.  Storage  batteries  of  from  80  to 
120  ampere  hours  are  commonly  used, 
the  size  depending  on  the  size  of  the 
engine  to  be  started.  The  motor  should 
not  be  connected  directly  to  the  storage 
battery  terminals,  but  should  have  ap- 
pro.ximately  the  same  length  of  wire  in 
circuit  as  it  will  have  when  the  outfit 
is  assembled  on  the  automobile.  Ten 
feet  of  85  000  cir.  mil  cable  is  a  fair 
average  for  use  with  the  smaller  size 
batteries.  With  the  larger  batteries, 
larger  cable  should  be  used.  The  motor 
should  have  suificient  heat  capacity  and 
temperature  rating  to  completely  dis- 
charge a  fully  charged  battery.  Regu- 
lation curves  giving  the  output  and 
voltage  of  the  generators  at  speed 
ranges  from  zero  to  a  car  speed  of  45 
miles  an  hour  should  be  taken.  The 
actual  generator  speed  depends  on  the 
gear  ratio  of  the  engine  and  the  speed 
of  the  generator  in  relation  to  the  speed 
of  the  engine.  The  generator  should 
have  a  continuous  rating  at  a  car  speed 
of  appro.ximately  30  miles  per  hour,  and 
when  operated  continuously  at  this 
speed  should  not  reach  a  damaging  teiu- 
perature.  It  should  balance  the  lamp 
load  at  approximately  15  miles  per  hour 
or  less.  The  generator  can  very  easily 
be  operated  through  the  necessary 
speed  range  by  belting  to  any  small 
driving  motor.  If  the  efficiency  of  the 
generator  is  desired,  it  can  be  taken 
either  liy  the  separate  loss  method  or 
by  liie  input-output  method.  One  of  the 
most  important  features  in  comparing 
automobile  generators  and  motors  of 
different  makes  should  consist  of  a  care- 
ful mechanical  inspection  of  the  different 
parts  to  determine  whether  the  parts 
have  been  correctly  proportioned  for 
the  work  they  are  called  upon  to  do,  so 
as  to  give  a  reasonable  assurance  of 
long  life  in  operation.  c.  e.  w 

1042 — Vector  Relations  in  Unbalanced 
Circuit — .\n  unbalanced  load  is  del- 
ta connected  as  sliown.  Is  it  cor- 
rect to  say  that  a  triangle  with  sides 


is  this  explained?  D.  E.  c.  (penna.) 

A  triangle  constructed  with  its  sides 
proportional  in  length  to  the  voltages 
as  in  Kig.  1042  (a)  gives  the  correct 
phase  relation  of  the  voltages.  It  is 
convenient  for  the  purpose  of  obtain- 
ing the  currents  in  the  line  to  transfer 
the  sides  of  the  triangle  thus  con- 
structed to  a  radial  vector  as  shown. 
This  is  explained  in  an  article  by  Mr. 
Chas.  H.  Porter  in  the  JofRN.\L  for 
September,    IQ07.  J.  F.  p. 

1043 — Two-Phase  to  Three-Phase 
Transformer  Connection  —  Please 
discuss  tlie  metliod  shown  in  Fig. 
1043  (a)  for  changing  from  two- 
phase  to  three-phase  or  vice  versa 
by  using  three  standard  transform- 
ers. C.  W.  F.  (OHIO) 
This  is  the  same  connection  as  is 
shown  in  No.  959,  published  in  the 
Journal   for   Septenil)er,    1913,   except 
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Fu;.  1043   (a) 

that  the  small  au.xiliary  transformer 
has  two  separate  windings  instead  of 
being  an  auto-transformer,  and  is 
connected  to  buck  the  voltage  in  the 
high  phase  of  a  two-phase  circuit  in- 
stead of  to  boost  the  low  phase.  The 
results  will  be  equally  satisfactory, 
provided  the  voltages  secured  are  the 
same,  which  will  depend  upon  the 
relative  potentials  of  the  main  and  the 
small  auxiliary  transformers.  c.  R.  R 

1044 — Constant  of  Graphic  Watt- 
meter — A  live  ampere,  no  volt, 
three-phase  graphic  wattmeter  is  used 
with  100  to  I  current  transformers 
and  4  to  I  potential  transformers. 
The  chart  used  has  a  maximum  capac- 
ity of  I  000  kw.  In  figuring  the  con- 
stant X,  which  of  the  following  metli- 
ods  are  corect? 
,.  100x4 
(a)—    T^nr.    -0-4  as   constant. 


(b)- 


Fic.  1042   (a) 

proportional  in  length  to  the  three 
voltages  shows  correct  phase  rela- 
tions of  the  voltages?    If  so,  where 


I  000 
500  A  X  440  V.  X  1.732  X  P.  F. 
I  000 
-^  I  000  =  X. 

R.  W.  W.  (IND.) 

It  is  easy  to  become  confused  between 
methods  of  calculating  and  methods  of 
measuring  three-phase  power.  The 
power  in  a  three-phase  circuit  =  V3  EI, 


wdiere  E  represents  voltage  between 
conductors  and  /  represents  the  cur- 
rent in  each  conductor.  This  formula 
is  derived  from  the  fact  that  the  total 
power  in  watts  necessarily  is  equal  to 
the  sum  of  the  watts  transmitted 
through  each  conductor.  The  watts 
transmitted  through  each  conductor^el 
times  the  power-factor  where  e  =  the 
v'oltage  between  conductor  and  neu- 
tral =  E  H-  V3.  The  sum  of  the  watts 
ill  the  tliree  conductors  =:  3  el  times  the 

power-factor  =  ^^.^x  P.F.=  V3"EI  x  P.F. 

Measuring     power     with     a     polyphase 
wattmeter    corresponds    with    the    two- 
wattmeter  method   of  measuring  power 
with   single-phase   wattmeters,   the    only 
difference  being  that  the  meter  automat- 
ically adds  or  subtracts  the  readings  of 
the  single-phase  elements  by  means   of 
the      mechanical      connection      between 
them.     The   total   load   is   the   algebraic 
sum  of  tlie  single-phase  wattmeter  read- 
ings.   Hence,  the  total  load  indicated  by 
a  polyphase  wattmeter  is  twice  the  load 
corresponding  to  the  reading  of  one  of 
its     single-phase     elements      at     unity 
power-factor.     The  constant  of  0.4  ob- 
tained   in    formula    (a)    is    correct.      A 
convenient  rule   for  general   application 
in  checking  tlie  calibration  of  polyphase 
wattmeters  is :  Tlie  reading  correspond- 
ing to  a  given  load   in  the  meter  itself 
should   be   equal    to    twice    the    product 
of  primary  amperes  and  volts  necessary 
to  produce  that  load  in  the  secondaries. 
For  example,   if  the  transformer  ratios 
are  500-^5  amperes  and  400 -H  100  volts 
the  meter  reading  at  500  watts  per  ele- 
ment    should     be     2x500x400     equals 
400000   watts   or   400  kilowatts,     h.b.  T. 
1045 — Induction   Motor   Trouble — We 
have  a   186  horse-power,  2200  volt, 
two-phase  induction   motor,  driving 
two  100  lamp  brush  arc  generators 
which     has     been     giving     trouble. 
The  current  jumps  from  one  coil  to 
another,  generally,  but  not  always, 
from  one  phase  to  another,  or  from 
a  coil  to  ground.     Only  in  one  case 
has   the   burn    been    in   a    slot,   and 
very    seldom    between    coils    where 
they  touch  each  other.    The  trouble 
is    generally    near    the    ends    of    the 
coils  where  the  connections  go  from 
one  to  another  and  where  the  coils 
are  separated  from  each  other.  When 
the   current  jumps   to   ground   it   is 
usually  from  the  under  side  of  a  coil 
to    the    frame,    a    distance    of    over 
one-half      inch.        Some      times      this 
does  no  more  damage  than  to  burn 
off    a    spot    in    tlie    insulation    and 
again  it  may  burn  off  two  wires  of 
the   turn   of  a   coil.     There  are   six 
coils  per  pole  and  the  trouble  has 
always   been  within   the   four  poles 
or  twenty-four  coils  nearest  the  mo- 
tor terminals.     The  motor  runs  hot 
even  when  driving  only  one  gener- 
ator,   but    gives    less    trouble    than 
when  driving  both,     .\fter  being  re- 
paired it  may  run  for  two  weeks  or 
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it  may  show  trouble  in  a  few  hours. 
Another  motor  of  the  same  kind 
but  of  half  its  capacity  gives  no 
trouble  at  all.  Should  the  two  ad- 
jacent coils  of  opposite  phases  have 
higher  insulation  than  tlie  other 
coils  and  are  these  called  the  "phase 

coils?"  C.  W.  F.  (OHIO) 

Not  knowing  all  of  the  details  of 
the  construction  and  the  insulation  of 
the  motor,  we  can  only  make  the  fol- 
lowing suggestions:  The  insulation 
on  the  coils  may  have  been  bruised  or 
damaged  when  the  coils  were  being 
wound  into  place.  Since  the  motor 
runs  hot  even  when  driving  one  gen- 
erator, the  insulation  may  have  be- 
come deteriorated.  Then  the  break-, 
down  may  be  caused  by  "'creepage" 
from  one  pliase  to  another  across  the 
phase  coils  due  to  dirt  or  moisture, 
and  not  break  down  between  the  two 
coils  between  which  the  phases 
change,  because  they  are  better  insu- 
lated. The  trouble  may  also  be  due 
to  the  brush  arc  generators,  and  if 
their  frames  are  not  grounded,  it 
would  be  advisable  to  ground  their 
frames  or  else  the  frame  of  the  motor. 
Lightning  and  other  high  voltage  dis- 
turbances usually  cause  groimds  or 
short-circuits  on  those  coils  which  are 
connected  close  to  the  terminals.  Your 
trouble  may  be  somewhat  similar. 
These  disturbances  break  down  the 
insulation  at  the  weakest  point  and. 
therefore,  would  not  break  down  the 
insulation  of  the  other  motor  if  it  is 
not  running  hot.  The  two  adjacent 
coils  of  opposite  phases  should  be 
better  insulated  (for  motors  of  this 
size  and  voltage)  than  the  other  coils 
and  are  usually  designated  as  "phase 
coils."  J.  L.  R. 

1046 — P  a  r  a  1 1  e  ling  Scott-Connected 
Transformers — W'liat     tests     should 
be  made  with  a  voltmeter  or  lamps 
to   determine   whether    the    second- 
aries of  the  two  sets  of  three-phase 
to  two-phase  Scott  connected  trans- 
formers. Fig.  1046  (a)  can  be  oper- 
ated in  parallel?  p.  j.  (ohio) 
In    order    to    make    polarity    tests, 
connect  transformers  as  sliuvvn  in  Fig. 
1046  (b),  being  very  careful  to  sec  that 
both    groups   are    symmetrically   con- 
nected to  the  three-phase  circuit.   This 
means  that  terminal  /  of  main  trans- 
former  No.    I    must   be   connected   to 
the   same  line   wire   as   terminal   /  of 
main   transformer   No.   3.     The   same 
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FIG.    1046    (a)    AND    (b) 

applies  to  all  other  connections.  Un- 
less the  transformers  are  correctly 
connected  in  this  respect,  they  cannot 
be  made  to  parallel.  After  the  three- 
phase  connections  are  checked,  con- 
nect the  two-phase  sides  as  shown. 
Then,  if  all  connections  are  correct 
there  will  be  no  voltage  between  D-E 
and  none  between  F-G.  If,  however, 
one  of  these  should  measure  220  volts, 
it  shovys  that  one  of  the  two  low  ten- 
sion windings  is  reversed.  It  is  only 
necessary  then  to  reverse  the  connec- 


tions of  one  low  tension  winding. 
After  connections  have  been  made  so 
that  there  is  no  voltage  between  D-E 
or  F-G,  connections  for  parallel  opera- 
tion can  be  made  in  the  usual  way, 
paralleling  the  windings  of  trans- 
former No.  I  with  No.  3  and  No.  2 
with  No.  4.  w.  M.  M. 

1047 — Regulating  Moving  Picture  Arc 
Lamps — .\  1J5  volt,  88  ampere  com- 
pound-wound generator  furnishes 
power  for  a  moving  picture  arc 
lamp,  taking  from  50  to  75  amperes 
at  about  65  volts.  Two  rheostats, 
rated  at  no  volts,  22  to  40  amperes 
in  multiple,  are  connected  in  series 
with  the  positive  side  of  the  lamp. 
The  drop  across  these  is  47  volts. 
Either  three-fourth  or  five-eighth 
inch  carbons  are  used;  the  common 
practice  is  to  use  three-fourth  inch 
upper  carbon  and  five-eighth  inch 
lower.  In  all  the  other  houses  having 
similar  machines  cither  hard  or  soft 
carbons  can  be  used  and  the  lamps 
burn  with  a  white  flame  between 
carbons.  On  this  machine  only  soft 
carbons  can  be  used  and  the  arc 
burns  with  a  large  flame  at  an  angle 
with  the  carbons,  as  in  Fig.  1047  (a). 
The  flame  travels  all  over  the  posi- 
tive carbon  but  remains  stationary 
at  one  point  on  the  negative  carbon. 


FIG.  1047   (a) 

There  are  no  magnets  in  the  room 
to  blow  the  arc.  We  have  tried 
hard  and  soft  carbons  of  different 
makes  with  the  same  results.  We 
have  put  resistances  in  parallel  with 
those  in  the  circuit;  have  put  resist- 
ances in  both  negative  and  positive 
side  of  the  lamp;  have  cut  down 
current  and  the  voltage,  but  the 
carbons  still  flame.  With  the  volt- 
age on  the  generator  at  115  volts, 
the  lamp  takes  about  65  amperes 
and  the  voltage  does  not  vary.  But 
if  the  generator  is  adjusted  by  aid 
of  field  rheostats  to  80  or  00  volts, 
when  the  lamp  is  started,  the  volt- 
age on  the  generator  rises  to  105. 
Is  there  any  waj'  we  can  get  rid  of 
the  flame  to  give  us  a  straight  arc? 
Sometimes  the  flame  is  so  intense 
as  to  burn  the  enclosing  casing. 
The  carbons  are  set  in  a  straight 
line,  but  on  the  slant. 

r.  s.  (.m.berta) 
It  would  appear  that  there  is  a  de- 
cided blowing  of  the  arc  caused  by  a 
magnetic  field.  Try  turning  the  lamp 
around  and  note  whetlicr  the  blow  is 
in  the  same  direction  as  before.  This 
will  show  whetlier  the  magnetic  field 
comes  from  the  lamp  itself  or  from 
some  outside  source.  If  it  is  seen  that 
the  "blow"  comes  from  the  lamp  it- 
self, look  for  wires  carrying  current 
in  the  neighborhood  of  the  arc  and 
remove  them — or  it  may  be  that  the 
magnet  coil  (if  it  is  an  automatic  feed 
lamp)  is  the  cause  of  the  field.'  To 
determine  this,  short-circuit  the  coil 
and  feed  the  lamp  by  hand  or  reverse 
the  coil  and  note  the  effect  on  the 
arc.  If  it  is  seen  that  the  "blow" 
comes  from  the  outside,  see  that  all 
rheostats  are  placed  at  some  distance 
from  the  lamp.  See  that  leading  in 
draughts  will,  of  course,  blow  an  arc 


wires  do  not  pass  near  the  arc.     Air 
and  should  be  prevented.    The  blow — 
if  magnetic — may  be  stopped  by  plac- 
ing a  bar  magnet  in  or  near  the  lamp, 
the  position  to  be  determined  by  trial. 
This  is  done  in  many  arc  lamps  com- 
mercially. G.  M.  L, 
IC48 — Changing    Voltage    of    Direct- 
Current  Motor — I   have  a  60  horse- 
power,  500  volt   direct-current  mo- 
tor having  six  shunt  poles,  six  com- 
mutating  poles,  six  sets  of  brushes, 
79  armature  slots,   158  commutator 
bars.     The  motor  is  of  the  variable 
speed  type  rated  at  325  to  650  r.p.m. 
by  field  control.     It   is  belted  to  a 
compressor    for    refrigerating    pur- 
poses.    I   wish   to  change   this  ma- 
chine  for  230  volt  operation.     The 
armature  at  present  is  wave  wound, 
with  two  coils  per  slot.     Could  the 
armature     be     re-connected     from 
wave  to  lap  connection  and  operate 
satisfactorily?             w.  j.  l.  (torokto) 
This  armature  may  be  reconnected 
for  250  volts  by  connecting  the  two 
coils  per  slot  in  parallel,  but  the  con- 
nections of  the  coils  to  the   commu- 
tator   will    have    to    be    changed.      In 
w'inding  the  armature  as  it  is  wound 
at  present,  when  the  third  coil  is  put 
on  the  armature,  its  lead  is  connected 
to   either  the  commutator  bar  before 
or  the  bar  after  the  one  from  which 
the   start   was   made.      In   connecting 
the  coils  in  parallel  instead  of  bring- 
ing the  lead  of  the  third  coil  to  the 
adjacent   coil   this   should   be   skipped 
over  and   the   lead   connected   to   the 
second   bar  beyond.     In  .this   manner 
every   coil   lead   will    be   shifted   over 
one  bar.     The  two  coils  in  the  same 
slots  may  then  be  connected  in  multi- 
ple   by   joining  adjacent   commutator 
necks.      With    the    armature    so    con- 
nected, the  main  field  coils  and  com- 
mutating   coils   may   be   connected   in 
series — parallel.      When    run    on    230 
volts    this    combination    would    prob- 
ably be  slightly  lower  in  speed   than 
at   present.     The   low   speed   may   be 
taken    care   of,   however,   bj-   a   slight 
increase    in    air-gap.     This   would   be 
the  best  way  of  changing  this  motor 
for  operation  on  230  volts.    The  num- 
ber of  slots  in  a  multiple  wound  arma- 
ture should  be  either  divisible  by  the 
number    of   poles    or    the    number   of 
pairs    of    poles,    in    order    that    there 
may   be   no   possibility   of  circulating 
currents.     For  the  power  output  and 
speed  the  commutating  constants  will 
be    approximatelj'    the    same    for   the 
two-circuit  and  multiple-wound  arma- 
ture, and  the  power  output  will  be  the 
same  if  the  voltage  is  lowered  to  ob- 
tain the  same  speed  as  that  of  the  two 
circuit  machine.                                   c.  G.  L. 
1049 — Three  Wire  Rotary  Converters 
— We  have  a  six-pliase  rotary  con- 
verter direct  connected  to  a  turbo- 
generator.   We  desire  to  mount  slip 
rings  connected  to  the  commutator 
of   the    rotary   converter   and    from 
them  to  auto-transformer  balancers 
in   order  to   obtain   the   neutral   for 
a    three-wire    circuit.      Please    give 
method   of  determining  the  size  of 
leads    from    the    slip    rings    to    the 
transformers,  for  three,  four  or  six 
rings.      Please   give    distribution   of 
currents,   assuming  an   unbalancing 
of  25  percent  on  the  three  wire  cir- 
cuits,                        p.  F.  A.  (austraua) 
The     alternating-current     collector 
rings  can  be  used  instead  of  equipping 
the  machine  with  additional  rings  as 
mentioned.     For  six  rings,  three  bal- 
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ance  coils  would  be  necessary,  con- 
nected as  in  Fig.  1049  (a).  For  three 
rings  on  a  six  phase  machine,  three 
balance  coils  would  also  be  necessary, 
connected  as  in  Fig.  104Q  (b).  Four 
rings  could  not  be  used  without  bring- 
ing out  special  taps,  because  on  a  six- 
phase  machine  the  taps  on  the  arma- 
ture to  the  collector  rings  are  60  de- 
grees apart.  In  order  to  use  three- 
wire  connections  with  four  rings,  taps 
would  need  to  be  made  at  A  and  B 
Fig.  1049  (c)  in  quadrature  with  taps 
/  and  //.  Two  rings  could  be  used  on 
a  six-phase  machine  with  a  single  bal- 
ancing coil,   connected  as   in   Fig.   1040 
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FIG.  1049  (a),  (b),   (c)  .\.MD  (d) 

(d)  but  this  method  does  not  give 
quite  as  easy  operation  as  the  use  of 
a  larger  number  of  coils.  Assuming 
X  equals  the  full-load  direct  current  of 
the  converter,  then  the  unbalancing 
of  25  percent  would  mean  x  divided 
by  4  (amperes  flowing  in  the  main 
neutral  wire).  The  amperes  per  lead 
between  collector  rings  and  balance 
coils    would,    therefore,    be: — For    six 

'''"^^'4  X  6  '    ■^"''   "^'"'^'^    rings,  '^ 

For  two  rings,-  •'^^.     To  these  val- 

4   "   2 

ues  of  current  sufficient  additional  al- 
lowance should  be  made  to  cover  the 
magnetizing  current  required  by  the 
balance  coils.  r.  h.  n. 

1050— Belt  Slippage— In  factories 
ranging  in  size  from  50  to  250  horse- 
power using  belt  and  line  shaft  trans- 
mission from  the  engine,  what  per- 
centage of  the  power  plant  investment 
would  you  estimate  to  cover  the  cost 
of  transmission  equipment;  to  include 
all  belting,  shafts,  etc.,  for  setting  up? 
(b) — In  a  planing  mill  of  175  horse- 
power where  shaft  transmission  from 
an  engine  is  used  and  the  drives  well 
proportioned,  what  percent  slip  is  met 
in  practice  between  the  engine  and  the 


shaft  of   the   machine   driven,  consid- 
ering three  belt  conversions? 

F.  C.  F.  (WRST  VIR(;I.\I.\) 

Little  confidence  could  be  placed  in 
figures  to  estimate  the  cost  of  transmis- 
sion equipment,  if  based  on  the  plant 
horse-power,  because  the  amount  of 
transmission  material  necessary  has  no 
relation  to  the  power  plant  capacity  ex- 
cept in  some  particular  variety  of  in- 
dustry. .X  better  method  is  to  determine 
approximately  the  number  of  lineal  feet 
of  shafting  that  will  be  required.  Fig- 
ures at  hand  give  from  $2.00  to  $6.00  per 
lineal  foot  including  cost  of  shafting, 
hangers,  couplings  and  pulleys.  .-Vnother 
rough  rule  is  to  allow  $1.00  per  lineal 
foot  per  inch  of  shaft  diameter.  In 
machine  shops,  in  which  industry  ap- 
proximately the  same  conditions  exist 
everywhere,  $25.00  per  horse-power  is  a 
pretly  good  figure  to  cover  transmission 
investment  cost,  (b) — If  the  questioner 
refers  exclusively  to  slippage,  we  have 
no  figures  available,  hut  the  total  fric- 
tion losses  met  with  in  woodworking 
plants  are  found  to  vary  between  20  and 
50  percent.  In  a  sasli  and  door  factory 
having  a  100  horse-power  engine  and  an 
average  indicated  load  of  51  horse- 
I)ower,  the  friction  losses  were  found  to 
be  40  percent  from  the  engine  to  the 
niachine  pulley.  A  very  excellent  treat- 
ise on  belt  slippage  was  presented  at  the 
September,  191 1,  convention  of  the  Na- 
tional Association  of  Cotton  Manufac- 
turers by  Professor  W.  M.  Sawdon,  of 
Cornell  University.  See  also  articles  on 
"Comparison  of  Group  and  Individual 
Drive  in  Machine  Shops,"  by  A.  G. 
Popcke,  in  tlie  Journ.m.  for  November, 
li|i  I,  page  999.  A.  F.  s. 

1051 — P  o  w  e  r    Transmission  —  What 
would  be  the  clieapest  and  best  way  of 
delivering  75  kw  at  80  percent  power- 
factor,   400  volts,   three-phase,   25   cy- 
cles, 3  500  feet  from  the  plant,  where 
the  generated   voltage   is  440?     What 
would    be    the    difference    in    cost    of 
transmitting    at    400    or     I  100    volts, 
power   to   be   delivered   at   400   volts? 
Please  give  example.  R.  L.  w.  (penn.\.) 
The  voltage  should  be  stepped  up  to  at 
least  2200  and  preferably  to  6600  volts, 
as   the    saving   in   copper   at  6  600  volts 
will  compensate   for  the   slight   increase 
in  cost  over  2  200  volt  equipment  and  the 
line  losses  will  be  reduced  approximately 
77  percent.     The  voltage  regulation  will 
also  be  greatly   improved,   and.    if  6600 
volt    transmission    adopted,    the    power 
transmitted  by  the  line  may  be  consid- 
erably increased  at  a  later  date,  if   de- 
sired, without  increasing  the  amount  in- 
vested   in    the    line.      Comparative    fig- 
ures for  the  various  voltages  are  given 
in  the  following  table,  all  values  being 
based  upon  the  6600  volt  equipment  as 
100  percent.     At  400  volts   it   would  be 
necessary  to  split  the  copper  into  several 
circuits  in  order  to  avoid  execessive  re- 
actance drop,  whicli  would  also  increase 
the  installation  costs  above  those  for  the 
other  voltages,  a  feature  not  considered 
in  the  table. 

6600  V    2200  T     400  v 


Coniluctors  per  phase l-*4    l-nd   12-#001X) 

Voltaire  regulalion.  percent.  2*        0*  II 

Cost  of  copper,  percent 6.7       12.9  562 

Costof  transformers,  percent  93.3»*    89.1**        

TOTAL  100.0    lO.S.O  6(12 

*    Exclusive  of  transformer  regulalifiiis 
**  Based  on  three  >ingle-phase  transformers  at 
each  end  of  line. 

.\.  P.  H. 

1052 — Starting   Synchronous   Motor — 

Should     a     500    horse-power,     three- 


phase,  2200  volt  synchronous  motor 
started  by  means  of  an  auto-starter 
having  three  sets  of  taps  for  440 
volts,  880  volts  and  i  600  volts,  be  at 
synchronous  speed  before  the  field 
and  running  switches  are  closed? 

;.  T.  K.  (o.N-r.\Rio) 
Under  ordinary  starting  conditions, 
the  synchri>nous  motor  should  come  up 
to  (synchronous  speed  on  the  lowest 
starting  voltage.  Ordinarily,  it  is  not 
necessary  to  use  more  than  one  start- 
iiig  voltage  since  with  proper  field  ex- 
citation the  voltage  can  be  changed 
from  the  starting  voltage  to  normal 
voltage  with  less  current  tlian  occurs  on 
the  application  of  the  starting  voltage. 
.  The  iTiotor  should  be  in  synchronism 
before  the  field  and  running  switches 
are  closed  if  minimum  starting  current 
is  to  be  obtained.  In  a  few  applications 
the  torque  required  during  the  starting 
period  has  been  so  large  that  it  re- 
quires practically  full  \oltage  to  bring 
the  motor  up  to  synchronous  speed.  In 
such  cases  obviously  the  motor  cannot 
be  in  synchronism  before  line  voltage  is 
applied.  This,  however,  is  a  more  severe 
starting  condition  tlian  is  usually  en- 
countered with  synchronous  motor  ap- 
plications and  is  not  to  be  recom- 
mended. The  synchronous  motor  will 
pull  into  step  on  light  loads  before  the 
field  switch  is  closed,  the  necessary  ex- 
citation for  synchronous  running  being 
supplied  by  wattless  current  in  the  arm- 
ature winding.  In  other  cases,  involv- 
ing larger  loads,  the  motor  will  hunt 
slightly  either  side  of  synchronous 
speed  without  field  excitation  and  will 
operate  steadily  at  synchronous  speed 
only  when  the  field  switch  is  closed. 
For  a  detailed  explanation  of  synchro- 
nous motor  performance  during  starting, 
see  proceedings  of  the  A.  I.  E.  E.,  June, 
1913-  F.  D.  N. 

1053 — Electrolytic  Lighting  Arresters 

— An  electrolytic  lightning  arrester  is 
like  a  safety  valve  and  up  to  a  cer- 
tain point  checks  any  flow  when  con- 
nected correctly.  What  happens  if  it 
is  connected  up  backwards?  When 
charging  an  electrolytic  arrester  on  a 
three-phase,  one  3  000  volt  alternating- 
current  line,  each  line  is  connected  to 
ground.  Does  the  current  flow  in  one 
direction    only?  c.  F.  P.  (Toronto) 

.\n  electrolytic  lightning  arrester  or 
cell  when  connected  to  direct-current, 
has  the  film  formed  on  one  plate  or 
tray  only  and  if  the  connection  is  re- 
versed there  will  be  a  heavy  flow  of  cur- 
rent which  will  decrease  as  the  filin  is 
built  up  on  the  other  plate.  This  flow 
of  current  occurs  because  the  film  op- 
poses the  flow  of  current  only  from  the 
aluminum  ,  to  the  electrolyte  and  not 
from  the  electrolyte  to  the  aluininum. 
If  the  cell  or  arrester  is  connected  to 
an  alternating  current  instead,  the  film 
w-il  be  formed  on  all  the  plate  or  tray 
surfaces  which  are  in  contact  with  elec- 
trolyte and  which  have  electromotive 
force  impressed  across  them.  During 
one-half  cycle  the  film  will  be  built  up 
on  one  plate  of  a  cell  and  on  the  other 
plate  during  the  succeeding  half  wave. 
It  will  make  no  difference  if  the  leads 
are  reversed.  W'hen  an  electrolytic 
lightning  arrester  connected  to  an  alter- 
nating-current circuit  is  charged,  the 
current  will  flow  in  one  direction  during 
one-half  cycle  and  in  the  reverse  direc- 
tion during  the  succeeding  half  cycle  in 
tlie  same  manner  as  in  any  alternating- 
current  circuit.  G.  c.  D. 
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The  circuit  hetueen  the  power  house 
The  New      and  locomoti\e  or  car  is  the  dominant 
Method   of     factor   in    the    electrification    of    rail- 
Distribution    ways.     In  an  ideally  simple  system,  a 
on  the         trolley  wire  conveys  the  current  from 
New  Haven    the  generator  bus-bars  to  the  contact 
Railroad      on     the     locomotives.      This     simple 
method    has    been    in    operation    for 
nearly  seven  years  on  the  New  Haven  Railroad.    The 
orthodox  method   for  utilizing  a  higher  transmission 
pressure  is    by  means  of    raising    transformers,  high 
tension   lines   and   lowering  transformers   in    sub-sta- 
tions for  supplying  current  to  the  trolley  wires.     The 
new  distribution  system  of  the  New  Haven  Railroad, 
as  described  by  Mr.  Arthur  in  this  issue  of  the  Jofu- 
NAL,  employs  the  several  elements  of  a  complete  sys- 
tem  in   a   modified    form — in    fact,   so   modified   that 
they  are  scarcely  recognized.     The  primary  and  sec- 
ondary windings  of  the  transformers  are  not  separate 
and  independent,  but  a  part  of  the  coils  are  used  in 
common  by  the  two  circuits.    An  "auto-transformer," 
raising  the  pressure  from  1 1  ooo  to  22  000  volts,  has 
twice  the  output  that  the  same  material  would  have  if 
the   circuits    were    separate.      The    lowering   or    sub- 
station  transformers   are  likewise   auto-transformers 
with  a  similar  advantage  in  output. 

An  analogous  combination  is  made  in  the  circuits. 
The  transmission  circuit  and  the  secondary  circuit  are 
not  independent,  but  the  trolley  wires  serve  in  com- 
mon for  supplying  current  to  the  locomotives  and  as 
one  of  the  conductors  of  the  transmission  circuit. 
Viewed  in  another  way,  a  three-wire  system  with 
22  000  volts  between  outside  wires  (the  trollev  and 
feeder)  is  loaded  on  one  side  only,  between  the  trol- 
ley and  the  track  which  serves  as  a  middle  wire.  The 
auto-transformers  along  the  line  are  similar  to  bal- 
ance coils,  the  middle  points  of  which  are  connected 
to  the  track.  Sub-stations  are  usually  buildings  at 
considerable  intervals  containing  transformers  and 
other  appliances;  here  the  transformers  are  of  the 
outdoor  type  and  are  located  at  short  intervals. 

This  is  a  simple  method  of  transmission  which 
seemed  to  be  well  adapted  to  the  conditions  of  the 
New  Haven  road.  The  radius  of  transmission  with 
a  limiting  line  drop  is  extended  by  employing  22  000 
volts,  but  without  exceeding  more  than  1 1  000  volts 
between  conductor  and  earth.  As  all  of  the  trans- 
mission current  is  carried  on  overhead  conductors, 
the  induction  in  adjacent  circuits  is  practically  elimi- 
nated.    This  result  is  secured  by  placing  the  conduc- 


tors so  that  the  outgoing  and  return  currents  have 
the  same  mean  position.  The  mean  position  of  the 
trolley  wires  is  over  the  center  of  the  tracks  and  the 
other  side  of  the  circuit  is  divided  into  two  parts 
which  are  placed  on  the  right  and  the  left  of  the 
tracks. 

While  the  use  of  the  trolley  wires  for  transmis- 
sion as  well  as  locomotive  supply  has  proved  to  be 
the  eftective  method  of  extending  the  electrification 
to  New  Haven  and  of  modifying  the  circuits  in  the 
zone  which  has  been  in  operation  so  as  to  avoid  the 
interference  with  telegraph  circuits  which  increased 
load  might  have  caused,  nevertheless,  it  cannot  be  re- 
garded as  a  method  for  universal  application.  In 
most  cases  where  a  higher  pressure  than  that  of  the 
trolley  wire  is  employed,  it  will  be  desirable  to  go 
higher  than  22  000  volts.  In  case  of  accident  there  are 
some  advantages  in  having  the  transmission  system 
independent  of  the  trolley  circuits.  However,  for  the 
conditions  of  the  New  Haven  Railroad,  the  auto-trans- 
former and  the  combined  circuits  have  many  unique 
features  which  have  adapted  them  in  a  very  success- 
ful manner  to  the  operation  of  this  notable  electrifica- 
tion. Chas.  F.  Scott 


The     synchronous     booster     rotary 

Synchronous    converter  is  not  a  piece  of  apparatus 

Booster  Rotary  "s^^'  to  the  electrical  business,  as  it 

Converters     '^^^   b^^"    '"    "^^    ^°''   several    years 

and  there  are  many  thousand  kilo- 
watts of  rotary  converters  of  this  type  giving  satis- 
factory operation  today.  However,  it  is  a  type  of 
apparatus  not  generally  known.  Indeed,  very  few. 
perhaps,  aside  from  those  whose  work  brings  them 
in  contact  with  it  are  familiar  with  this  form  of 
rotary  converter. 

As  is  well  known,  the  first  rotary  converters 
were  used  where  a  constant  voltage  supply  w-as  re- 
Quired  and.  since  the  ratio  between  alternating  and 
continuous  voltages  is  practically  constant,  the 
rotary  converter  is  inherently"  incapable  of  voltage 
legulation,  except  within  very  narrow  limits.  The 
synchronous  booster  principle  was  developed  and 
applied  to  rotary  converters  in  fields  where  a  vari- 
able continuous  voltage  is  necessary.  This  type  of 
rotary  converter  is  very  extensively  used  on  25  cycle 
systems  feeding  Edison  three-wire  networks  and 
has  been  used  to  a  limited  extent  in  some  industrial 
applicatioijs.  In  fields  other  than  these,  the  syn- 
chronous   booster    rotarv    converter    has    until    re- 
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cc-iuly  been  practically  iinknnw  11.  Dn  60  cycle  sys- 
tems in  particular,  where  comjjanies  have  Edison 
three-wire  networks  as  ])art  of  their  systems,  the 
converting  agent  lias  heretofore  been  the  motor- 
generator  set.  \Vith  the  advent  of  the  improved 
60  cycle  rotary  converter,  utilizing  both  Ijelter  de- 
sign and  operating  characteristics,  reliability  of 
operation  is  practically  assured  and  operating  com- 
panies arc  becoming  more  and  more  inclined  toward 
60  cj'cle  converters.  From  the  im])roved  60  cycle 
rotary  converter  of  the  constant  voltage  type,  it  is 
but  a  step  to  the  synchronous  booster  type  and,  in 
this  unit,  the  central  station  companies  have  a 
means  of  feeding  their  direct-current  systems  by 
a  converting  agent  very  superior  to  the  motor- 
generator  set  from  the  standpoint  of  economy. 
There  will  be  several  i>oints  in  favor  of  the  rotary 
converter  outfit  in  efficiency  at  full  load  and,  since 
the  efficiency  curve  of  this  apparatus  is  much  flatter 
than  that  of  the  motor-generator  set,  the  difference 
is  more  apparent  if  the  load-factor  be  low. 

The  article  by  Air.  J.  L.  AIcK.  Yardley,  which 
appears  in  this  issue,  describes  very  clearly  many 
important  features  of  the  synchronous  booster 
rotary  converter  and  should  be  the  means  of  mak- 
ing the  electrical  fraternity  in  general  fairly  familiar 
with  this  improved  type  of  apparatus.  The  ap- 
plication of  commutating  poles  to  the  synchronous 
rotary  converter  has  been  carefully  worked  out 
from  the  designing  standpoint  and  practical  opera- 
tion has  deinonstrated  that  the  designer  has 
worked  in  the  right  direction.  The  article  brings 
out  the  undcsirability  of  attempting  to  operate 
rotary  converters  under  load  at  low  power-factors, 
demonstrating  what  is  well  known  generally, 
namely,  that  the  rotary  converter  is  not  suitable 
for  operation  as  a  synchronous  condenser. 

Tlie  mechanical  arrangement  of  the  booster 
with  reference  to  the  main  rotary  converter  has 
gone  through  several  stages  of  development.  The 
present  article  points  out  why  the  modern  machines 
are  built  with  revolving  armature  boosters,  and 
with  the  booster  located  between  the  collector 
rings  and  the  armature  of  the  converter,  rather 
than  attempting  to  Uvse  standard  rotary  converters 
and  attaching  thereto  standard  alternating-current 
generators  to  be  used  as  boosters. 

E.  P.  Dillon 


o         ,  _  ,  The  description  of  a  method  of  reg- 

Speed  Control    ,    .  '       .  a     (  ■ 

,  ,    ,     ..        ulatmg  economicallv  the  speed  of  m- 

of  Induction      ,        .°  ^  u      tvt        r-     tt     c^    u 

..  ,  (luction  motors  by  Mr.   G.  E.  Stoltz, 

Motors        ■     .,  ■    .  r   1     T 

m  this  issue  of  the  Journal,  suggests 

the  general  (|uestion  as  to  which  is  the  best  method  of 

accomi)lishiiig  this  result.    The  arrangement  described 

has  been  successfully  operating  for  some  time  so  that 


there  is  no  (iuestion  as  to  its  reliability.  It  is  not,  how- 
ever, the  only  metiiod  that  is  in  practical  operation, 
as  there  are  a  large  number  of  schemes  which  use  a 
three-phase  commutator  motor  in  some  form  or  an- 
other. A  number  of  such  installations  are  operating 
successfully  in  Europe,  but  up  to  the  present  no  actual 
experience  has  been  gained  in  this  country.  The  trans- 
planting of  a  new  piece  of  ap[)aratus  from  Europe  to 
America  has  not  always  been  attended  with  success 
unless  changes  have  been  made  to  adapt  it  to  the  dif- 
ferent operating  conditions.  In  general  it  may  be 
stated  that  tlie  demands  on  machines  in  America  are 
greater  than  in  luirope,  as  the  operators  pay  less  at- 
tention to  them,  and  also  due  to  the  fact  that  engineers 
in  this  country  have  been  educated  to  expect  greater 
reliability  and  simplicity  than  in  Europe,  where  at- 
tendants are  usually  better  trained  technically.  This 
is  evidenced  by  the  marked  diiTerence  in  the  construc- 
tion of  standard  lines  of  machines.  For  instance, 
European  induction  motors  almost  invariably  have  had 
wound  coils  and  lighter  mechanical  construction,  com- 
pared to  the  standard  practice  in  this  countr}'  of  form 
wound  coils  and  a  mechanical  construction  at  least 
fifty  percent  stronger.  Consequently  the  European 
motors  are  considerably  lighter  and  somewhat  cheaper, 
but  they  are  not  comparable,  from  an  operating  stand- 
point, with  the  American  machines.  In  view  of  these 
facts,  it  is  always  questionable  what  results  will  be 
obtained  with  new-  European  apparatus,  no  matter  how 
glowing  the  report  may  be  of  its  operation  in  the  land 
of  its  birth. 

The  arrangement  described  by  Mr.  Stoltz  has  the 
great  advantage  of  using  machines,  the  characteristics 
of  which  are  familiar  to  practically  all  operating  men 
and  which  have  been  developed  under  American  con- 
ditions. In  fact  the  scheme  is  only  a  new  combina- 
tion, as  far  as  this  country  is  concerned,  of  standard 
machines,  so  that  there  can  be  no  question  as  to  the 
success  of  the  arrangement  as  long  as  reasonable  en- 
gineering care  is  taken  in  laying  it  out.  The  article 
brings  out  some  characteristics  of  the  combination  that 
are  interesting,  such  as  power-factor  correction  and 
the  possibility  of  running  the  induction  motor  above 
synchronism. 

The  problem  of  economical  speed  regulation  of 
induction  motors  is  of  considerable  importance  in 
many  industries.  Briefly,  it  consists  of  taking  energ}' 
from  the  rotor  circuit  at  a  low  frequency  and  disposing 
of  it  with  a  minimum  loss,  in  such  a  way  that  a  rea- 
sonably constant  speed  is  maintained.  The  various 
arrangements  that  have  been  used  up  to  the  present 
time  are  all  open  to  the  objection  that  they  are  com- 
lilicated  and  expensive.  The  possibilities,  however, 
have  not  been  exhausted,  and  further  developments 
are  to  be  expected  which  will  simplify  the  auxiliary 
apparatus  required. 

Wilfred  Sykes 


The  Operation  of  the  Single-Phase  Equipment 
of  the  New  York,  Westchester  &  Boston 

Railway  Company 


T 


R.    H.     PuTTKK, 

Superintendent  of  Equipment 
New  York,  Westchester  &  Boston  Railway  Company 


HE  New  York,  W'cstcliester  &  Boston  Railway 
Company  commenced  the  operation  of  its  pas- 
senger service  May  29,  19 12,  from  180th  street 
and  Bronx  Park  to  New  Rochelle,  a  distance  of  7.8 
miles,  and  on  July  ist,  of  the  same  year,  extended  the 
service  from  i8oth  street  to  White  Plains,  a  distance 
of  15.13  miles.  On  August  3,  1912,  the  service  was 
extended  from  180th  street  to  the  Harlem  River  Ter- 
minal of  the  New  York,  New  Haven  &  Hartford 
i\ailroad,  a  distance 
of  4.43  miles. 

The  car  equipment 
consists  of  30  multi- 
ple-unit cars,  one 
electric  locomotive, 
one  gasoline  electric 


control.    The  gasoline  electric  car  is  used  for  general 
line  work. 

The  operating  conditions  have  been  peculiar  in 
that  a  frequent  service  is  demanded  under  practically 
steam  road  operating  conditions,  it  being  necessary 
to  maintain  the  equipment  to  steam  road  standards. 
Trains  are  run  under  a  twenty  minute  headway  from 
\Miite  Plains  and  New  Rochelle  and  a  ten  minute 
headway  on  the  main  line.     The  nineteen  months  of 

its  operation  have 


1 


£;  m  S  i?lifi^4®  S5-iS  ram  J 


been  very  interest- 
ing and  the  results 
show  the  wisdom  of 
the  engineers  i  n 
adapting  the  single- 
phase  system.  The 
equipment  has  thus 
far  proved  reliable 
the  cost  of 
CO  m- 


work    car    and    five 

freight  cars.     The  fig.  i — n.  y.  w.  &b.  ry.    ii  000  volt,  25  cycle,  si.\gle-ph.\se  motor  car 

1-    I  ■  Showing  arrangement  of  middle  and  vestibule  side  doors.  The  two  motors        j 

multiple  -  unit  cars    _^^^  carried  du  the  truck  at  the  right-hand  end ;  the  other  truck  is  without   '^"  . 
arc  all  steel,  ^2   feet    motors.     Witli  all  electrical  and  braking  equipment  installed,  the  appearance  maintenance 
ion-'     weigh    120000    of  the  car  indicates  hs  light,  open,  yet  siibstantial  construction.     The  control      ^^^^  favora- 

n)ii„,    .>>.igii    x^^K^^    ^^  arranged  lor  multiple  operation  m  trains.  ^ 

Ihs.  and  have  a  seat-  "  bly   with   similar 

iiig  capacity  of  78  people.  They  are  capable  of  a  heavy  direct-current  equipment.  A  number  of  de- 
niaxiiinim  speed  of  56  miles  per  hour,  the  speed  being  fects  and  troubles  developed  early  in  the  operation 
restricted  to  this  through  the  action  of  an  over-speed      but  were  no  more  than  were  to  be  expected  from  new 


FIG.    2 — A    TEX    CAR   TRAIN    JUST    NORTH    OF   THE   EAST    THIRD 
STREET    STATION 

Both  the  control  and  brake  equipments  were  designed  for 
use  on  trains  up  to  this  length. 

relay  which  automatically  opens  the  control  circuit 
when  that  speed  is  reached.  They  are  equipped  with 
two  Westinghouse  No.  409  B  motors  per  car  and 
\\'estinghouse  electro-pneumatic  control.  The  elec- 
tric locomotive  is  used  for  all  switching  purposes 
around  the  yards  and  for  the  hauling  of  freight.  It 
is  of  Baldwin-Westinghouse  design  and  build,  weighs 
160000  lbs.  and  is  equipped  with  four  Westinghouse 
No.  410  motors  and  \\'estinghouse  electro-pneumatic 


FIG.    3 — VIADUCT    SOUTH    OF    THE     iSoTH     STREET    BRONX 
PARK   STATION 

equipment  and  were  easily  remedied  as  soon  as  the 
cause  of  the  trouble  was  located.  Considering  the 
conqiaratively  small  number  of  single-phase  installa- 
tions and  the  short  time  in  which  the  system  has  been 
developed  for  railway  service,  it  is  remarkable  that 
such  excellent  results  have  been  obtained. 

To  those  who  have  not  had  experience  with  the 
operation  of  equipment  using  high  voltage,  there 
is  a  tendency  toward  a  feeling  that  it  is  more 
dangerous  than  other  systems.  There  has,  however, 
been  an   entire  lack  of  this   feeling  among  both  the 
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shopmen  and  trainmen  on  the  "Westchester,"  not- 
withstanding the  fact  that  they  have  been  required 
to  go  upon  the  roofs  of  cars  and  close  to  the  high 
tension   trolley  numerous  times.     Tlie   safety  of   the 

NEW  YORK, WESTCHESTER  AND  BOSTON  RAILWAY  CO. 

Thii  Cop)/  to  Impection  Shop  Foreman 


Report  of  Defect*  to  Car  No. 


Date. 


..,191 
.A.  M. 


Line. 


.P.  M. 


Length  of  Detention Min's.  Train  No.. 


Place  ol  Trouble • '  ■ 

Motorman   •  ■- ^° 

Conductor   No 

Car  Body  Troubles  Control  Troubles 

Bad  Order  Door Circuit  Breaker 

Broken    Glass Circuit  Breaker  Kc-Set 

Ventilator   Switch  Group  

Bgjj  Controller    

Bell  Cord.'.'.'.' J/"""^     -W. 

Light  Switches  Motor  Cut  Out  .    

MitJters    S""^".' ,'-;","   "^''^^ 

jjejtcrs  Potential  Relay  

DiaphraRni   Resistance  Grids   

Safety  Chains  Jumpers   

Buffing  Device   Receptacles  

Draw  Bar Blower  Motor 

Headlight   Mo""-  <^r"""  ■■.:•/ 

Car  Seats   Storage  Battery  Switches 

Car  Floor  Dirty. Would  not  notch  up 

Lights  Air  Brake  Troubles 

Pantograph   Trolley Brakes  do  not  release  quick- 

^ ly  at  times 

Motor  Troubles  Brakes  release  on  lap 

Motor  Bearings Brakes    do    not    stop    train 

Motors    Hot quickly  enough.  . . 

Qg^.^ Motorman  s  Valve  stiff 

Feed  Valve    

Truck  Troubles  Governor  does  not  cut  out... 

Motor  Truck Compressor  not  working 

Trailing  Truck  Electric  Brake   

Flat  Wheel Brake   Pipe    

Hot  Box  Reservoir  Pipe  Hose 

Broken  Brake  Rigging Brake   Pipe   Hose 

Air  Whistle  


Dead    Car. 


REMARKS: 


FIG.    4 — FORM    USED    BY    TR.\IXMEN    IN    TURNING    IN    C.\R 
DEFECT    REPORTS 

system  in  connection  with  danger  to  operators  is 
shown  by  the  fact  that  during  the  nineteen  months 
of  operation  not  a  single  trainman  or  shopman  has 
been  burned  or  shocked  by  the  high  voltage. 
It  may  also  be  interesting  to  know  that  all  of  the 
trainmen  and  shopmen  had  previously  no  experience 
with  alternating-current  apparatus,  having  had  all  of 
their  experience  on  either  direct-current  or  steam 
roads.  The  general  results  tend  to  show  that  there 
are  no  peculiarly  difficult  operating  conditions  with 
the  use  of  the  single-phase  system.  As  stated  before, 
the  time  spent  upon  the  development  of  this  equip- 
ment has  been  small  compared  with  that  spent  on  di- 
rect-current apparatus,  and  future  developments  will 
undoubtedly  tend  to  increase  its  efficiency  and  relia- 
bility. 

One  large  item  of  maintenance  will  be  noticed  in 
connection  with  the  pantograph  trolleys.  This  was 
excessively  high  until  the  trolley  wire  and  track  had 
been  properly  lined  up.  At  present  the  breakages  are 
ver>^  few  and  the  mileage  of  the  contact  shoes  has 


increased  from  6oo  to  2  500  miles.  This  increase  of 
mileage  is  attributed  mostly  to  the  fact  that  the  con- 
tact surface  of  the  trolley  wire  has  ncrw  become  worn 
flat.  The  wire,  which  is  steel,  is  of  the  standard  round 
grooved  section,  and,  when  new,  presents  only  a  line 
contact  to  the  trolley  shoe.  As  the  pressure  per  unit 
of  area  when  the  wire  is  new  is  very  great  between 
the  shoe  and  wire  the  wear  is  very  rapid,  but  as  the 
wire  becomes  worn  fiat  a  much  greater  area  of  con- 
tact is  presented,  greatly  increasing  the  life  of  the 
shoes.  The  trolley  wire  now  has  a  flat  surface  worn 
about  }i  inch  wide.  Practically  all  of  the  wear  on 
the  shoe  is  due  to  the  sliding  friction  of  the  shoe  on 
the  wire,  the  current  handled  by  the  shoe  being  so 
small  that  no  burning  takes  place.  It  has  been  inter- 
esting to  note  that  plain  mild  steel  shoes  give  consid- 
erably  greater   mileage   than   galvanized   iron   shoes. 


X-^ 


FIG.   5 — MAP  OF   NEW  YORK  CITY   AND  SUBURBAN   DISTRICT   NORTH 

During  the  warm  weather  the  pressure  of  tlie  shoe 
against  the  trolley  wire  is  adjusted  to  between  five 
and  ten  lbs.  This  is  sufficient  to  tend  to  raise  the 
trollev  one  foot  above  the  normal  height  of  the  wire. 
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In  cold  weather,  however,  on  account  of  the  various 
conditions  affecting  the  operation  of  both  the  trolley 
and  the  overhead  conductors  the  tension  of  the  trolley 
springs  is  increased  so  that  the  trolley  will  rise  to  its 
maximum  height. 

The  delays  per  month  for  the  various  parts  of 
the  equipment  are  given  in  Table  I.  The  excessive 
number   of   delavs   due    to   the    failure   of  the    brake 


of  apparatus  are  given  in  Table  II.  These  reports 
are  turned  in  by  trainmen,  a  printed  car  defect  report 
as  shown  in  Fig.  4,  being  used.  This  is  made  out  in 
duplicate,  one  copy  going  to  the  shop  and  one  to  the 
despatcher.  The  despatcher  holds  the  report  and 
keeps  the  car  out  of  sen-ice,  if  necessary,  until  it  is 
OK'd  by  the  shop  foreman.     During  certain  periods 


of  the  day  all  trains  are  composed  of  one  car.     This 

T.\BI,E  I-REl'ORT  OF  DEL.WS  PER   MONTH  DUE  TO  V.\KIOUS  l'.\RTS  OF  THE  EQUIPMENT 


Month 


January 

February  ... 

March 

April 

May   

June 

July 

.\ugust 

September.. 

October 

November.. 
December.. 

Total.x.... 


Brakes 


A.C. 
EquipmcDt 

No         Min. 


Control 
Equipment 


Pantographs     Miscellaneous 


No. 


•. 

> 

0 

0 

t> 

27 

0 

n 

3 

10 

u 

u 

S 

19 

0 

u 

1 

6 

0 

0 

2 

7 

2 

1 

12 

0 

0 

0 

0 

0 

0 

0 

0 

1 

8 

2 

10 

0 

0 

6 

49 

0 

0 

0 

0 

1 

20 

2t) 

US 

4 

35 

2.1 

12.3 

0.3 

3 

Min. 


No. 


Min. 


34 

0 

23 

4 

16 

0 

9 

0 
0 
5 
11 
0 


32 

20 

72 

15 

0 

20 

22 

0 

8 

0 

U 

0 


Nn. 


Mi?l. 


lu 
12 
0 
0 
5 
1 
0 
0 
0 
23 
0 
0 


Total  Delays 

Miles 

MiKs  per 
Minute 

No. 

Mill, 

Day 

p.l„y 

1  ;{•.'.; 

11 

84 

10  r.'9 

10 

S9 

10  "10 

KW6       I 

10 

105 

ll.H^S 

1127 

6 

3S 

19  527 

3  083 

."> 

27 

25  8H9 

4  779 

8 

35 

16174 

3  69<t 

3 

43 

43  25S 

3  01S 

0 

0 

126  198 

126  198 

2 

16 

r*  9.Tfi 

7  619 

4 

31 

30  r.Ts 

3  229 

7 

m 

16  737 

1  952 

128^39 


Cars 
out  of 


8 
17 
8 


5 

9 
ID 
11 


Total 
Miles 


111421 
100182 
118  608 

117  VA 
129  449 
129  184 
129  776  I 
126  198 
121  913 
I2.i>W2 
11  ;•  ^36 
12s  239 


15 
1.2 


102 

8.5 


1S9 
15.7 


6 
0.5 


51 
4.2 


67 
5.6 


525 
43.7 


13  343 


96  1  457  6.53 

8  121 471 


equipment  were  due  mostly  to  the  fact  that  no  pro- 
vision was  made  for  "bleeding  off"  the  brakes  on 
a  car  if,  for  any  reason,  they  had  become  "stuck." 
This  has  now  been  overcome  by  installing  a  bleed 
valve  in  the  pressure  chamber  of  the  control  valve. 
The  air  brake  equipment  was  furnished  by  the  West- 
inghouse  Traction  Brake  Company,  and  is  known  as 
the  A.  M.  C.  E.  equipment.  Besides  the  well  known  au- 
tomatic features  of  the  Westinghouse  air  brake,  this 
system  is  also  controlled  electrically,  and  is  so  de- 
signed that  trains  of  from  one  car  to  any  practical 
number  are  handled  with  ease.     The  electrical  control 


means  that  the  failure  of  practically  any  piece  of  ap- 
paratus is  a  serious  matter,  and  generally  causes  a 
delay,  whereas  if  two  or  more  cars  were  generally 
run  per  train  the  chance  of  delay  from  equipment 
failures  would  be  greatly  reduced.  Also  when  single 
car  trains  are  operated  the  trainmen  are  more  apt  to 
notice  little  peculiarities  or  irregularities  in  the  opera- 
tion of  the  cars.  This  is  particularly  noticeable  with 
the  brakes.  On  account  of  the  high  speed  at  which 
the  cars  are  operated  the  service  on  the  brakes  is  very 
severe  and  a  lack  of  holding  power  is  quickly  noticed 
by  the  motormeii.     In  this  connection  it  was   found 


TABLE  n.     REPORT  OF  DEFECTS  PER  MONTH  FOR  VARIOUS  PIECES  OF  APPARATUS. — 1918. 


Jan. 

Feb. 

March. 

April. 

May. 

June. 

July. 

August, 

Sept. 

Oct. 

Nov. 

Dec. 

Totals. 


\%W.. 


IJ 


S  I   2  '- 

ki  S  O 


>  I ' 


11    13 


li 
3      8 
6 
3 

3 
4 
1 
2 
1 
3 
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26  6{    34!    32    19    25;    2&' 


B  i  K     e.  a?  <-«:  J,<; fo 


■—  o     c    -■   c  , 
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3 
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4 


,  1, 
4   6 


1 

"A  1 

ll  1 

1 
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■"  2  -S  £   -s 


"     2 
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a  15^  cs  ,  a  a  i, 


1 

3  1 
1 


13; 
»i 

10! 
8' 
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17| 
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('. 
13 
14i 
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IOS5.S3E5SSO 


S  1 

11  1 


7  2 
9   1 


1 

3| 

1     ' 

llSi 

I 


1,  1 


9 
14 
4 
4, 

li 


2     59 
2   1    106 


12  SI       1    1 

3  1  i  &  .51      1- 
2  1  S  !•  li  1 


12  2 

2  ■-'   1;  " 

,    ;  6  412  1  1 

'  211   3  3  15 

1'  5  4  2  1  1 
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62 
53 
43 
74 
68 
16 
70 
72 
84' 
81 


of  the  brakes  has  given  entire  satisfaction.  Under 
the  heading  of  alternating-current  equipment  is  in- 
cluded all  high  tension  wiring,  transformers  and  elec- 
trical car  equipment,  except  the  pantograph  trolleys, 
which  are  shown  separately.  Control  equipment  in- 
cludes all  controlling  apparatus  and  the  32  volt  direct- 
current  wiring.  Pantograph  delays  are  practically  all 
due  to  breakages. 

Reports  of  defects  per  month  for  various  pieces 


that  it  was  necessary  to  adjust  the  brake  slack  ad- 
justers to  the  normal  travel  on  the  inspection  pit,  for 
if  they  were  set  up  too  close  the  angularity  of  the  brake 
levers  would  affect  the  braking  power  sufficiently  to 
inconvenience  the  motorman. 

During  the  past  year  very  little  trouble  has  been 
experienced  with  the  wiring  and  equipment.  Trans- 
formers have  given  no  trouble,  and  the  reports  shown 
under  the  heading  of  wiring  were  due  to  poor  connec- 
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tiorvs  or  poorly  insulated  leads.  The  batteries  used  for 
operating  tlie  control  apparatus  are  beginning  to  show 
deterioration,  due  to  the  vibration  and  severe  service. 
Experiments  are  now  under  way  to  relieve  these  con- 
ditions. 

While  a  number  of  flat  wheels  are  reported  they 
were  generally  verv  slight  and  did  not  require  turn- 


FIG.    6 — REP.\IR    SHOP    AND    INSPECTION    B.\RN 

Located  near  the  iSoth  street  Bronx  Park  Station.  The 
tracks  to  the  extreme  left  are  the  main  line  tracks.  The  first 
track  to  the  left  in  the  shop  is  the  one  used  for  truck  over- 
hauling and  repairs.  The  center  shop  track  is  the  general 
car  repair  track  while  that  to  the  right  is  the  inspection  track 
upon  which  the  regular  light  inspection  and  oiling  is  done. 
The  repair  and  inspection  track  each  holds  two  cars.  The 
extension  shown  to  the  right  and  rear  of  the  main  building 
is  the  general  storehouse  for  the  road.  It  will  he  noticed  that 
exceptionally  convenient  arrangements  have  been  provided 
for  the  care  of  the  equipment  and  these  have  aided  greatly 
in  obtaining  the  excellent  results  as  shown  by  the  various 
tables.  Platforms  are  provided  at  the  sides  of  the  cars  for 
the  aid  of  the  car  cleaners  and  one  is  also  provided  along 
the  line  of  the  roof  for  the  convenience  of  the  pantograph 
trollev  inspectors.  Car  cleaning  platforms  are  also  provided 
between  the  tracks  at  the  terminals.  The  live  over-head 
wires  are   dead-ended  one  car  length  away  from  the  shop. 

ing.  Gears  and  pinions  have  given  very  little  trouble 
except  in  the  case  of  twelve  flexible  or  spring  gears 
which  were  placed  in  service  as  an  experiment.  These 
were  found  to  be  weak  at  a  number  of  points  and  the 
design  was  changed  and  the  weak  points  eliminated. 
The  new  style  gears  are  giving  excellent  service.  It 
is  safe  to  say  that  the  spring  gear  will  eventually  be 
adapted  as  standard.  Case  hardened  gear  and  pinion 
teeth  have  given  remarkable  results  and  are  undoubt- 
edly superior  for  this  service. 

"A  device  for  preventing  the  application  of  power 
to  motors  in  the  forward  direction  when  there  is  air 
pressure  in  the  brake  cylinders  has  been  applied  to  all 


TABLE  m-MOTOR  AND  TRANSFORMER  TEMPERATURE 

MEASUREMENTS. 

CarN 

vriiKiuirc 

Field 

Commuta- 

Motor       Transform- 
Shell          er  Core 

108 

59 

57 

84 

39 
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60 

60 

84 

40 

46 

lie 

W 

55         i         90 

39 

.SI 

103 

70 

^0                    85 

36 

60 

11.^ 

70 

1-.0                   SO 

36 

50 

11;'. 

I'll) 

•1                    72 

44 

51         1 

An  excessive  number  of  hot  boxes  have  accurred 
on  the  trailer  trucks  due  to  heavy  braking  and  the  use 
of  a  standard  M.  C.  B.  brass.  The  journal  is  forced 
out  from  under  the  brass  when  the  brake  is  appiied 
in  emergency.  On  the  motor  truck,  hot  boxes  are 
practically  unknown,  due  to  the  use  of  a  special  brass 
with  the  sides  extending  well  down  on  the  journal  and 
to  the  use  of  clasp  brakes.  The  trailer  truck  has  the 
simi)le  brake  rigging  with  one  shoe  per  wheel.  Hot 
motor  bearings  are  also  unknown. 

Flashovers,  or  the  jumping  of  current  between 
brushholders,  seldom  occur,  and  are  due  either  to 
high  mica  in  the  commutator  or  a  severe  fluctuation 
of  voltage  on  the  line.  Flashovers  do  not  have  the 
serious  damaging  cfifect  in  a  series  single-phase  motor 
that  they  do  in  direct-current  motors,  very  little  dam- 
age being  done  to  an  alternating-current  motor. 

During  the  early  operation  of  the  road  consid- 
erable trouble  was  experienced  through  moisture  en- 
tering the  transformers  and  causing  them  to  become 
grounded.  This  trouble  was  remedied  by  lowering 
the  speed  of  the  blower  and  by  placing  baffle  plates 
in  the  air  ducts  to  the  transformer.  Holes  were  drilled 
in  the  duct  to  drain  off  moisture  that  might  collect 
before  entering  the  transformer.  The  transformers 
were  found  to  be  running  so  cool  that  in  damp  weather 
the  moisture  would  deposit  on  the  coils.  By  reducing 
the  speed  of  the  blower  and  placing  baffle  plates  in  the 
air  duct  the  amount  of  air  sent  through  the  trans- 
former was  greatly  reduced,  causing  the  desired  rise 
in  temperature  and  the  elimination  of  all'  trouble  due 


cars  and  kas  fully  met  the  results  that  w-ere  expected 
of  it.  It  is  a.ssured  now  that  the  brakes  are  fully  re- 
leased when  the  power  is  applied  to  the  motors,  ef- 
fecting a  sa\ing  in  brake  shoe  wear,  power  consumed 
and  damage  to  the  motors. 


w^gs^^i 


FI".    7 — INSIDE   THE   C.\R  B.\RN 

Showing  method  of  removing  the  motor  truck  from  the 
car.  The  car  body  is  raised  with  the  aid  of  a  25  ton  electric 
traveling  crane  and  the  stops  as  shown  are  let  into  place 
under  the  car.  It  is  only  necessary  to  raise  the  car  body 
about  18  inches  to  remove  the  truck  as  it  rests  on  a  ball- 
bearin.g  turntable  and  is  easily  revolved  and  removed  from 
the  side  of  the  car.  The  stops  as  shown  are  built  into  con- 
crete foundations  and  their  safety  and  ease  of  operation  as 
compared  with  the  .general  method  of  using  wooden  horses 
or  barrels  will  readily  be  appreciated. 

to  moisture.     No   transformer   trouble   has   occurred 
in  the  past  year. 

Table  HI  shows  the  temperatures  of  the  principal 
parts  affected  by  heat.     The  readings  were  taken  on 
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the  six  cars  after  they  had  been  in  service  for  five 
hours.  Tlie  temperature  of  the  outside  air  was  24 
degrees  C. 

It  win  be  noticed  that  in  the  third  case  the  figure 
for  the  commutator  is  hijjh.  This  was  due  to  that  coni- 
nuitator  having  high  mica.  Commutators  normally 
have  the  mica  slotted  3/64  inch  below  the  surface  of 
the  bars,  and  trouljle  is  immediately  experienced  when 
it  is  allowed  to  run  c\  en  with  the  surface.  This  causes 
the  commutator  to  run  at  a  higher  temperature  and 
the  motor  brushes  break  very  rapidly.  It  was  neces- 
sary to  make  all  wiring  connections,  especially  those 
carrying  heavy  currents,  very  secure  and  with  full 
contact  of  the  contact  surfaces.  Also  the  insulation 
on  the  high  tension  wiring  connections  had  to  be  of 
high  quality ;  otherwise  the  wiring  and  equipment 
needs  no  particular  care. 

The  low  voltage  control  system  used  for  controll- 
ing the  various  pieces  of  apparatus  has  proven  excep- 
tionally efficient  in  service.     Short-circuits  or  grounds 

are  generally  very  troublesome  on  high  voltage  con- 


Controller  fingers,  which  are  quite  an  item  of 
expense  with  other  systems  of  control,  are  an  insignifi- 
cant expense.  Switch  group  contact  tips  are  worn 
out  quite  rapidly  on  account  of  the  very  heavy  cur- 
rents which  are  handled.  An  apparently  excessive 
number  of  motor  carbons  are  used,  but  this  is  partly 
due  to  the  fact  that  each  motor  requires  24  brushes. 
The  best  success  has  been  obtained  with  a  soft  graph- 
ite brush.  The  short-circuiting  of  the  commutator 
bars  by  the  brushes  causes  a  small  arcing  which  wears 
the  brush  quite  rapidly,  the  average  mileage  from 
brushes  being  21  667.  While  there  are  six  brushhold- 
ers  per  motor  it  will  be  noticed  that  very  few  have 
been  replaced. 

The  remarkable  service  obtained  from  the  motor 
bearings  can  be  partly  attributed  to  the  effect  of  the 
alternating  current.  Since  the  torque  and  strains  are 
not  continuous,  the  oil  is  more  thoroughly  worked  into 
the  bearings.  While  great  care  is  exercised  in  the 
shop  in  fitting  bearings,  less  careful  lubrication  is  re- 
(juircd  than   with   direct-current  motors.     The  motor 


\UI,E  IV— EQUIPMENT     PARTS  CHANGED   PER  MONTH. 
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trol  systems  but  are  practically  unknown  with  the 
32  volt  control  system  as  used  on  the  "Westchester." 
Another  advantage  of  the  low  voltage  system  is  that 
all  operating  coils,  magnets,  etc.,  are  operated  in  mul- 
tiple without  the  necessity  of  resistances  in  the  circuit, 
and  a  minimum  complication  of  circuits  is  obtained. 

The  principal  parts  of  the  equipment  changed  per 
month  are  shown  in  Table  IV.  It  will  be  noticed  that 
an  excessive  number  of  battery  lamps  were  used  in 
the  first  few  months.  This  was  because  they  all 
reached  the  liniit  of  their  lives  at  about  the  same  time, 
and  also  due  to  the  fact  that  a  32  volt  lamp  was  used 
originally,  whereas  the  battery  circuit  when  the  bat- 
ter}-  is  being  charged  by  the  motor-generator  is  con- 
siderably more  than  32  volts.  A  15  watt,  42  volt  lamp 
has  now  been  adapted  as  standard  for  use  on  the  bat- 
tery circuit,  and  the  emergency  lamps  have  been  so 
connected  that  they  light  only  when  the  line  relay  is 
open,  as  it  is  when  the  alternating-current  power  is 
off  the  car. 


axle  bearings  show  remarkable  wearing  qualities  as, 
up  to  the  present  time,  they  show  no  appreciable 
wear.  This  is  partly  accounted  for  by  the  fact  that 
extreme  care  was  taken  in  having  the  axles  finished 
to  very  accurate  dimensions.  The  distance  between 
wheel  hubs  is  also  machined  accurately  so  that  the 
motor  has  the  proper  amount  of  end  play.  The  wheel 
and  gear  hub  surfaces  that  act  as  bearing  surfaces 
for  the  axle  brass  flanges  were  burnished  as  w-ell  as 
the  axles,  and  gave  excellent  results.  Good  bearing 
surfaces  were  thus  obtained  without  depending  on 
the  brass  to  polish  the  surface. 

A  great  reduction  in  the  quantity  of  material  used 
has  been  effected  by  a  careful  study  of  the  conditions 
and  the  elimination,  so  far  as  possible,  of  the  causes 
of  the  trouble.  From  Table  \'  it  will  be  seen  how  the 
mileage  obtainable  from  the  various  items  has  b«en 
increased.  The  mileage  of  brake  shoes  was  increased 
by  careful  study  of  the  operating  conditions  and  the 
instructioH  of  the  motormen   in  the  proper  hand'ing 
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of  the  brakes.  The  percentage  of  metal  worn  from 
the  brake  shoes  before  scrapping  has  gradually  risen 
to  66  percent. 

Table  Y\  shows  the  lubrication  cost  per  i  000  car- 
miles  for  material ;  car  cleaning  cost  per  car  per 
month   for  labor;  kilowatt  hours    per    car-mile    and 

TABLE  V— MILEACE  OBTAINED  FKOM  liRlSHES  AND  BRAKE 
AND  l'ANT()GR\PH  SlIliES 


cration  of  the  cars,  such  as  heat  and  light,  pumping 
up  cars  preparatory  to  placing  them  in  service,  and 
the  power  used  in  moving  them  over  the  road,  or  in 
switching  around  the  yards  or  terminals.  Each  car 
is  equipped  with  a  watthour  meter.  This  has  been 
found  to  be  a  very  satisfactory  method  of  checking 

TABLE  VI— COST.S  FOR  LUBRICATION.  CAR  fLEANING.  KW.-HRS 
PER  CAR-MILE,  WATT-HKS.  PER  TON-MILE.  ETC. 
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Dept. 
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Walt-Hre. 
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Panto- 
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20--7  07 
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2112.55 
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2035.26 
1M9.96 
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watthours  per  ton-mile ;  number  of  shopmen,  and  pan-      the  current  used  by  various  motormen,  and  the  con- 
tograph  trolleys  broken  per  month.     Car  cleaning  is 


a  difficult  matter  on  account  of  the  rust  from  the 
steel  trolley  wire  and  the  trolley  shoes.  This  deposits 
on  the  roof  of  the  cars,  and  is  worked  down  over  the 
windows  and  sides  of  the  cars.  The  roofs,  which  were 
originally  painted  a  dark  gray,  were  repainted  with  a 
color  to  match  the  rust  deposit.  A'arious  methods  of 
cleaning  the  car  bodies  were  tried,  but  it  was  found 
that  an  oil  cleaner  gave  the  best  results.    The  cars  are 


stant  studying  and  checking  of  the  wattmeter  read- 
ings has  efifected  a  great  sa\ing  in  the  amount  of 
power  used. 

Tables  \'II  and  \"III  show  the  costs  for  labor 
and  material  for  the  maintenance  of  the  equipment  for 
the  year  1913.  Repair  costs  cover  all  charges  for  re- 
placements and  repairs.  Inspection  costs  cover  the 
general  car  barn  inspection  work.  Car  cleaning  and 
lubricating  materials,  and  incandescent  lamps,  are  not 


T.\BLE  VII— MAIXTEXAXCE  COSTS  IX  DOLLARS— REPAIRS 
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TABLE  VIII— MAIXTKXANCE  IN  DOLLARS— INSPECTION 


January 
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NOTE— Car  cleaning,  lubricating  materials  and  incandescent  lamps  not  in  the  abovi 


swept  each  day  and  are  thoroughly  washed  and  dis- 
infected twice  a  month. 

The  power  necessary  to  operate  the  cars  is  a 
most  important  item,  and  the  figures  shown  for  kilo- 
watt-hours consumption  per  car-mile  speak  verv  fa- 
vorably for  the  single-phase  system.  The  kilowatt 
and  watthour  readings  include  all  power  for  the  op- 


«hown  in  Tables  \ TI  and  ^"III,  they  having  been 
shown  elsewhere,  as  they  are  not  properly  chargeable' 
directly  to  maintenance  of  equipment. 

The  cars  up  to  Dec.  31,  1913.  made  a  total  of 
2  082  726  miles,  the  greatest  mileage  made  by  any  car 
being  86  109  and  the  least  23  004;  the  average  mileage 
being  69424. 


Lightning   Arresters   for   the    Protection   of 
Electric   Railway  Equipment 


Q.  A.  Brackktt 

TJ 1 1".  PROTECTION  of  electric  railway  equip- 
ment from  lightning  presents  the  problem  of 
lightning  protection  in  its  broadest  form. 
Not  only  do  tlic  power  houses  and  sub-stations  re- 
quire protection  in  the  same  way  and  of  the  same  son 
as  other  stationary  and  localized  installations  of  appa- 
ratus, but  a  large  part  of  a  railway  company's  equip- 


may  be  used  which  require  considerable  attention,  if 
by  so  doing  greater  freedom  from  trouble  can  be 
obtained. 

As  the  great  majority  of  electric  railways  are 
operated  by  direct  current,  none  of  the  arresters  of 
the  non-arcing  metal  type,  common  on  alternating- 
current  circuits,  can  be  used.     Of  those  that  are  cus- 


ment  is  continually  in  motion  over  more  or  less  ex-      tomary,  there  are  two  general  classes,  namely,  those 

posed  lines  as  if  actually  in  search  of  lightning  trouble. 

and  this  equipment  must  carrj-  its  protection  with  it. 

These  car  equipments  present  a  problem  of  protection 

that  is  peculiar  to  electric  railway  practice,  for  wliile 

^both  continuity  of  service  and  value  of  the  motors 

call    for  first-class  protection   of   each   car,  the  large 

number  of  separate  cars  to  be  protected  makes  a  very 

low  price  arrester,  a  prime  requisite. 

In  railway  practice  there  are  three  classes  of 
arresters,  namely,  those  for  cars,  lines  and  station. 
The  same  type  may  be  used  for  all  of  these,  but  in 
general  there  are  dififerences  in  the  requirements  of 
these  classes  of  service  that  have  an  important  bear- 
ing on  the  choice  of  the  arrester. 

Car  Arresters  should  be  portable,  rugged  mechan- 
ically to  provide  against  continual  vibration,  small  in 
size,  capable  of  being  located  in  any  place  or  position 
that  is  available  and  should  rc([uire  the  minimum  of 
inspection  and  attention,  because  the  great  number  of 
cars  equipped  w'ould  render  individual  care  and  at- 
tention a  most  burdensome  and  expensi\e  procedure. 
Car  arresters  should  have  high  protective  ability  where 
line  arresters  are  not  used,  and  as  the  latter  are  not 
always  used  to  an  ecjual  extent,  if  at  all,  on  all  the 
lines  of  a  company,  it  is  highly  advisable  that  car  ar- 
resters should  always  be  of  the  highest  effectiveness 
compatible  with  the  other  requirements  and  of  rea- 
sonable cost. 

Line  Arresters  need  not  be  as  effective  as  car  ar- 
resters, as  it  is  assumed  that  there  will  be  several 
used  per  mile  and  that  the  cars  will  also  have  arrest- 
ers. They  must,  however,  give  fairly  good  protec- 
tion and  be  weather-proof,  suitable  for  pole  mounting, 
cost  little,  because  of  the  large  number  used,  and  re- 
quire the  least  possible  attention  and  repair,  because 
of  their  wide  distribution  over  a  district  and  the  con- 
sequent difficulty  and  expense  of  visiting  each  one 
periodically  for  purposes  of  inspection. 

Station  Arresters  should  be  the  mbst  effective  ob- 
tainable, as  they  protect  the  heart  of  the  whole  sys- 
tem and  the  cost  and  importance  of  the  apparatus  pro- 
tected warrants  the  use  of  an  arrester  many  times 
more  expensive  than  those  used  elsewhere  on  the  sys- 
tem. As  they  are  located  where  attention  is  always 
available  and  as  they  are  always  few  in  number,  types 


that  allow  a  direct-current  arc  to  follow  the  discharge 
and  then  break  the  arc  by  some  means,  such  as  a  cir- 
cuit breaker  or  magnetic  blow-out,  and  those  that  al- 
low no  power  arc  to  follow,  and  handle  only  the  tran- 
sient energy.  Other  things  being  equal,  the  closer  an 
arrester  approaches  the  latter  class,  the  better  it  will 
be.  The  arrester  will  not  burn  itself  at  each  dis- 
charge and  it  will  not  cause  secondary  surges  on  the 
line  by  the  sudden  breaking  of  a  power  arc. 

CIRCUIT  BREAKER  TYPE 

\'arious  types  of  arresters  for  car  and  line  pro- 
lection  have  been  developed  from  time  to  time.  Of 
the  class  that  allows  a  power  arc  to  follow  a  discharge. 
the  most  common  are  the  circuit  breaker  and  the  mag- 
netic blow-out  types.  The  first  of  these  consists 
usually  of  a  resistance  rod  in  series  with  a  spark 
gap  and  a  pair  of  circuit  breaker  contacts  that  are 
caused  to  open  and  break  the  power  arc  following  a 
discharge,  through  the  action  of  a  magnet  coil  con- 
nected across  all  or  a  part  of  the  series  resistance. 
In  the  usual  construction,  the  circuit  breaker  takes  the 
form  of  a  plunger  type  solenoid,  the  contracts  being 
normally  held  together  by  gravity  and  the  plunger  op- 
erating in  an  insulating  tube.  When  a  discharge 
lakes  place  the  coil  is  energized  by  the  drop  across  the 
resistance  and  lifts  the  plunger,  thus  drawing  out  tlie 
arc  until  it  breaks.  The  plunger  then  falls  back 
against  the  lower  contact  again. 

\\'hile  this  arrester  lends  itself  well  to  pole  mount- 
ing, it  is  less  suitale  for  use  on  cars  because  of  the 
necessity  of  mounting  it  in  a  vertical  position,  since 
the  circuit  breaker  is  reset  by  gravity.  The  continual 
vibration  of  the  car  likewise  tends  to  develop  friction 
and  wear,  which  in  time  makes  the  operation  of  the 
moving  parts  of  the  circuit  breaker  uncertain,  while 
the  continual  bouncing  up  and  down  of  die  plunger 
renders  the  total  spark  gap  of  the  arrester  consider- 
ably greater  than  normal  a  large  percentage  of  the 
time,  and  thus  greatly  reduces  its  protective  effective- 
ness. This  is  still  further  reduced  by  the  use  of  a 
rather  high  series  resistance  necessary  to  prevent  dis- 
charges from  so  burning  the  circuit  breaker  contacts 
that  the  plunger  might  stick  in  its  containing  tube,  as 
has  been  known  to  happen.     A  serious  objection  also. 
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to  this  type  of  arrester  is  the  fact  that,  after  each  dis- 
charge, there  is  a  period  during  which  the  plunger 
is  up  and  tlie  arrester  practically  disconnected  from 
the  line  and  affording  no  protection  to  the  apparatus. 
This  is  a  particularly  serious  objection,  because  of  the 
fact  that   multiple  lightning  discharges,   following  in 


KIC.    I — MAf.XETIC    m.OW-OUT    TYPF.    OF    LIGHTNING    ARRESTER 

quick  succession,  are  of  most  frequent  occurrence  and 
may  cause  serious  injury  to  the  apparatus,  unless  the 
arrester  is  always  in  circuit  ready  to  take  discharges 
at  all  times — no  matter  how  rapidly  tliey  may  come. 

THE   M.\GNETIC  BLOW-OUT  TYPE 

The  magnetic  blow-out  arrester  operates  on  an  old 
and  well-known  principle  much  used  in  connection 
with  direct-current  switches,  etc.  It  usually  consists 
of  a  spark  gap  and  a  resistance  rod  in  series,  the  spark 
gap  being  located  in  the  field  of  a  powerful  electro- 
magnet which  is  energized  by  the  drop  in  all  or  a  part 
of  the  resistance  rod  when  the  power  current  flows 
through  it  after  a  discharge.  The  effect  of  the  magnet 
is  to  drive  the  power  arc  quickly  and  violently  out  of 
the  spark  gap  and  thus  put  it  out.  Fig.  i  shows  a  suc- 
cessful arrester  of  this  type  so  designed  that  when  the 
box  is  opened  the  circuit  is  broken,  thus  making  it  pos- 
sible to  adjust  the  gap  or  replace  the  resistance  rod 
without  danger.     This  type  of  arrester,  like  any  other 


FIG.    2— MLLTIPATH   ARRESTER,   SHOWING   C.\RBORUNDUM    DISC 
AND   CASING 

using  a  series  resistance,  is  limited  as  to  freedom  of 
discharge  if  the  resistance  is  made  high  and  stands  in 
danger  of  burning  itself  up  if  the  resistance  is  made 
too  low,  or  the  arc  hangs  on,  due  to  an  ineffective 
blow-out.  Where  an  electromagnet  is  used  there  is 
always  the  danger  of  a  lead  breaking  ofT  or  coming 


loose,  due  to  the  continual  vibration  of  the  car  jjnd 
thus  eliminating  the  blow-out  eftect  and  allowing  the 
arrester  to  be  destroyed,  whereas,  where  a  permanent 
magnet  is  used  there  is  danger  of  the  blow-out  effect 
being  too  weak  or  the  magnet  becoming  demagnetized 
and  weakened  bj'  successive  heavy  discharges. 

THE    MULTIP.\TH    ARRESTER 

Of  that  class  of  arresters  that  releases  only  the 
transient  energ)'  of  a  surge  and  does  not  allow  the  for- 
mation of  a  dynamic  power  arc,  one  of  the  oldest  and 
best,  as  well  as  the  cheapest,  is  the  so-called  "Multi- 
path  type."  This  arrester,  which  is  shown  in  Fig.  2, 
and  tens  of  thousands  which  have  been  used  during 
the  last  decade,  consists  of  a  specially  prepared  car- 
borundum block  in  series  with  a  very  small  spark  gap 
— the  whole  mounted  rigidly  in  a  weather-proof  cast 
iron  case.  For  ordinary  voltages,  this  block  is  in  ef- 
fect a  ver\-  high  resistance,  almost  an  insulator  in  fact, 
yet  if  the  voltage  rises  above  a  certain  critical  value 
it  breaks  down  into  a  multitude  of  minute  spark  gaps. 


FIG.   3 — SECTION   OF      CARBORUNDUM    DISC   .'VND   INSIDE   DETAILS   OF 
ARRESTER  SHOWN   IN   FIG.  2 

The  discharge  spreads  throughout  the  block,  jumping 
from  particle  to  particle,  as  shown  in  Fig.  3.  As  soon 
as  the  high  voltage  has  passed  the  block  resumes  its 
insulating  characteristics,  the  discharge  being  practi- 
cally instantaneously^  quenched  by  the  multitude  of 
minute  spark  gaps,  among  which  it  is  divided  and  by 
the  cooling  effect  of  the  great  mass  of  the  block.  The 
action  of  the  block  greatly  resembles  that  of  the  alu- 
minum film  in  the  electrolytic  arrester,  except  that  its 
current  discharge  at  normal  voltage  is  much  less,  due 
to  its  much  lower  electro-static  capacity. 

This  type  of  arrester  is  extremely  simple,  compact 
and  rugged  and  particularly  adapted  to  stand  the  con- 
tinual jarring  of  street  car  service — being  much  su- 
perior in  that  respect  to  any  type  having  moving  parts. 
Unlike  the  latter  type,  also,  it  can  be  mounted  in  any 
position  or  place  that  is  most  convenient  and  it  takes 
up  very  little  room.  Since  no  heavy  power  current 
follows  a  discharge,  the  series  spark  gap,  used  to  keep 
the  block  norn^ally  insulated  and  so  free  from  dete- 
rioration, can  be  made  ver\-  small,  as  burning  or  fus- 
ing the  gap  need  not  be  feared.  The  gap  used  is  only 
slightly  greater  than  one  sixty-fourth  of  an  inch,  which 
is  smaller  than  can  be  used  with  any  arrester  that  per- 
mits power  current  to  flow,  and  this  small  gap  causes 
it  to  discharge  and  begin  to  give  protection  on  a  rise 
in  voltage  before  the  other  type  of  arrester  would  have 


THE  ELECTRIC  JOURNAL 


249 


comu  into  play.  Not  only  does  it  offer  protection 
sooner,  but  it  likewise  provides  great  freedom  of  dis- 
charge for  o\er-voltages.  thus  showing  that  during  a 
discharge  the  carborundum  block  ceases  to  be  a  re- 
sistance and  becomes,  instead,  a  collection  of  series 
and  i>arallcl  spark  gaps  without  a  resistance. 

The  usual  way  to  test  the  freedom  of  discharge 
of  an  arrester  is  to  measure  the  so-called  "equivalent 
si)ark  gap."  This  consists  of  connecting  in  parallel 
with  the  arrester  an  adjustable  spark  gap  with  no 
series  resistance,  and  then  impressing  on  the  arrester 
discharges  of  artificial  lightning  from  a  large  con- 
denser charged  up  to  a  high  voltage.  The  shunting 
gap  is  then  reduced  until  it  just  robs  the  arrester  of 
the  discharge.  This  gap  separation  is  then  called  the 
equivalent  spark  gap  of  the  arrester.  As  its  value  in 
inches  is  dependent  on  various  things,  such  as  the 
steepness  of  the  wave  front  of  the  condenser  discharge 


FIG.    4 — CONDENSER    TYPE    ARRESTER    FOR    C.\R    MOUNTING 

and  the  shape  of  the  electrodes  of  the  shunting  spark 
gap,  it  is  necessary  if  comparative  results  are  desired. 
to  test  all  the  arresters  on  the  same  circuit  and  under 
the  same  conditions.  In  such  a  test  made  recently  the 
average  e(juivalent  spark  gaj)  of  a  large  number  of 
mullipath  arresters  was  found  to  be  0.102  of  an  inch, 
while  that  of  one  of  the  common  circuit-breaker  type 
arresters  for  the  same  service  was  0.213  of  an  inch, 
and  that  of  a  standard  magnetic  blow-out  arrester  was 
0.252  of  an  inch.  The  voltages  at  which  they  began 
to  discharge  were  i  750.  2  830  and  3  050.  This  shows 
that  the  multipath  arrester  not  only  discharges  at  a 
lower  voltage,  but  provides  over  hcice  as  great  free- 
dom of  discharge.  Two  multipath  arresters  in  paral- 
lel had  an  equivalent  gap  of  only  0.070  of  an  inch, 
although  their  combined  cost  is  less  than  that  of  most 
other  types  of  arresters,  thus  showing  the  ]iossibilities 
of  using  two  or  more  multipath  arresters  on  one  car 
where  conditions  are  especiallv  severe  and  yet  the  cost 
of  arresters  must  be  kept  low. 

This  shows  that  the  multipath  arrester  not  only 
is  free  from  trouble  itself,  since  the  al)sencc  of  anv 
power  arc  eliminates  any  danger  of  its  burning  itself 


up.  but  that  it  also  provides  the  most  complete  pro- 
tection against  trouble  to  the  apparatus  which  it  pro- 
tects, which  accounts  for  its  continued  success  during 
the  past  ten  years. 

The  only  criticism  usually  brought  against  the 
multii)ath  arrester  is  that,  since  the  spark  gap  is  invisi- 
ble and  it  handles  discharges  so  quietly  and  without  dis- 
tress, those  who  have  been  used  to  arresters  which  go 
off  with  a  loud  report  and  seem  to  nearly  tear  them- 
selves to  pieces,  find  it  difficult  to  believe  that  it  is  re- 
ally working.  Some  of  its  really  good  points  are. 
tlierefore,  sometimes  against  it  psychologically,  but 
that  is  not  a  fatal  fault  in  an  arrester. 

CONDENSER  TYPE  ARRESTER 

Belonging  to  the  same  class  of  arresters  that  do 
not  allow  the  flow  of  power  current  and  perhaps  the 
most  perfect  example  of  that  class,  are  the  new  con- 
denser type  arresters  recently  developed.  This  type  is 
also  a  perfect  example  of  an  arrester  that  can  be 
mounted  in  any  position  on  top  of  or  under  a  car,  or 
on  a  pole  and  which  will  never  require  any  attention 
after  it  is  once  installed.  This  arrester,  which  is  illus- 
trated in  Fig.  4,  consists  of  a  tubular  roUed-up  con- 
denser, shunted  by  a  high  resistance — both  in  series 
with  a  small  spark  gap.  These  parts  are  enclosed  in  an 
oblong  box,  and  the  condenser  and  resistance  are  im- 
bedded in  gum,  so  that  they  are  entirely  weather-proof. 
The  spark  gap  is  in  a  separate  compartment  at  one  end 
of  the  box,  and  a  hinged  cover  for  this  compartment 
affords  easy  inspection  of  the  gap.  For  high  frequency 
surges — such  as  the  majority  of  lightning  disturb- 
ances are — the  condenser  acts  almost  as  a  dead  short- 
circuit  across  the  apparatus  to  be  protected,  yet  it 
allows  no  direct  current  to  flow.  It  thus  automatically 
selects  out  and  shunts  by  the  apparatus  the  high  fre- 
quencies against  which  it  is  intended  to  protect,  with- 
out [iroviding  anj'  patli  whatever  for  the  ordinary  di- 
rect current.  This  comes  quite  close  to  the  ideal  for 
a  lightning  arrester,  especially  as,  on  railway  circuits. 
high  frequency  troubles  are  the  most  serious  of  all. 

For  tra\eling  direct-current  waves,  on  the  other 
hand,  the  condenser  is  equivalent  to  many  miles  of 
line  which  the  surge  must  charge  before  it  can  hit  the 
ai'i)aratus  being  protected.  For  such  direct-current 
waves  the  action  of  the  condenser  is  like  that  of  a  wide 
and  deep  trench  dug  in  the  path  of  an  advancing  wave 
of  water,  which  the  latter  must  fill  up  before  it  can 
advance  farther,  and  which,  in  any  case,  greatly 
reduces  the  steepness  of  the  wave  front.  The  resist- 
ance shunting  the  condenser  is  equivalent  to  a  drain 
so  located  as  to  let  the  water  run  out  of  the  trench 
again,  not  so  fast  as  it  came  in,  perhaps,  but  amply 
fast  enou^gh  to  be  ready  for  the  next  wave. 

The  condensers  used  in  the  750  volt  car  arresters 
are  equal  in  capacity  to  over  fort\'  miles  of  trolley 
line,  while  those  for  line  use  are  equal  to  over  ten 
miles  of  line,  which,  with  five  arresters  per  mile,  as 
recommended,  gives  fifty  miles  of  line  protection  for 
each  one  mile  of  actual  line.     The  spark  gap  used  in 
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series  serves  to  keep  the  condenser  normally  insulated 
from  the  line  so  that  the  resistance  can  keep  it  always 
discharged  and  with  its  full  storage  capacity  available. 
It  also  allows  of  the  insertion  of  tell-tale  papers  when 
it  is  desired  to  obtain  records  of  discharges  and  pro- 
vides the  "visible  spark  gap"  so  much  desired  by  some 
users.  As  the  condenser  never  allows  the  passage  of 
any  direct  power  arc  across  the  gap  the  burning  of  the 
latter  is  so  slight  that  the  setting  can  be  made  much 


no.    5 — tLECTROLYTIC   LIGHTNING    ARRESTER 

Showing  internal  arrangement. 

closer  than  with  other  types  of  arresters.  It  is  ordi- 
narily set  to  discharge  at  about  i  500  volts,  which  is 
less  than  half  the  insulation  test  of  street  railway  ap- 
paratus, and  so  insures  its  operation  before  any  dan- 
gerous rise  of  voltage  can  occur.  The  spark  gap  can, 
however,  if  preferred,  be  entirely  short-circuited  with- 
out harm.  This  will  make  the  arrester  somewhat 
quicker  to  render  relief,  but  slightly  less  effective  as  a 
whole. 

This  arrester  has  no  rival  as  a  protective  device 
for  street  cars,  except  the  electrolytic  arrester.  In  pro- 
tective value  it  is  equal  to  the  latter  in  the  small  sizes 
in  which  the  latter  has  been  used  on  cars,  while  in 
freedom  from  attention,  repair  and  general  bother  it 
is  in  a  class  by  itself.  Neither  hot  nor  freezing 
weather  will  injure  its  effectiveness,  chemical  deterio- 
ration will  not  render  renewals  necessary  ever)-  few 
months,  and  the  absence  of  liquid  will  allow  of  its 
being  located  in  any  position  on  top  of  or  underneath 


6 — TVriC.\L    INST.ALLATION     OF     MULTIPATH 
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ARRESTEKS     FOR 


the  car.  Where  many  cars  arc  equipped  this  freedom 
from  attention  will  be  of  great  importance,  as  will  also 
the  freedom  from  the  danger  of  a  short-circuit  on  the 
line  liable  to  occur  with  the  electrolytic  arrester,  due  to 
the  dissolution  of  the  film  where  a  car  has  been  stand- 
ing idle  a  few  days  with  its  trolley  off,  as  for  instance, 


in  a  repair  shop,  and  is  then  put  back  in  service. 

The  condenser  type  car  arrester  is  also  suitable 
for  station  protection,  and  for  that  purpose  is  superior 
to  any  type  except  the  electrolytic  arrester  of  large 
size.  The  objectionable  features  that  are  so  serious 
against  the  use  of  the  electrolytic  arrester  and  cars, 
such  as  care,  attention,  renewals,  cost,  etc.,  do  not  ap- 
ply, however,  to  station  service  where  attendance  is 
available  and  the  apparatus  to  be  protected  represents 
a  large  investment.  For  this  service  a  large  size  elec- 
trolytic arrester,  using  the  same  size  aluminum  trays 
as  are  used  in  the  large  electrolytic  arresters  for  al- 
ternating power  circuits,  is  to  be  preferred.  This  ar- 
rester has  much  greater  protective  power  and  thermal 
capacity  than  any  small  jar  tj'pe  electrolytic  arrester 
and  is  not  limited  as  to  station  capacity  as  the  latter 
is.  For  this  arrester  a  new  electrolytic  has  recently 
been  developed  which  is  proven  by  tests  to  be  supe- 
rior to  any  other  for  this  service.  It  re-forms  the  film 
and  stops  the  flow  of  power  current  after  a  discharge 
more  quickly  than  any  other  electrolytic  hitherto  de- 
veloped, and  it  is  much  lc';<;  nftrrtfi  by  heat,  as  no 


FIG.  " — AX  UXVSVAL  INSTALL.\TIOX  OF  THE  MULTIPATH  TYPE 
ARRESTER  FOR  STATION  PROTECTION,  WHICH  IS  GENERALLY 
TAKEN    CARE    OF    BY    ELECTROLYTIC    .\RRESTERS 

trouble  is  experienced  with  it  at  any  temperature  which 
is  likely  to  be  met  in  practice;  in  fact,  it  operates 
equally  well  when  boiling.  It  does  not  dissolve  oft' 
the  film  as  rapidly  and  it  is  so  stable  that  there  is  no 
need  whatever  for  balancing  resistances  such  as  have 
been  considered  necessar}'  with  the  small  jar  type  elec- 
trolytic arresters  in  order  to  keep  the  voltages  equal 
across  the  different  jars  in  series. 

To  Summarize  what  has  been  said  above,  the 
power  house  and  sub-stations  of  a  street  railway  com- 
pany should  be  protected  by  large  capacity  electrolytic 
arresters,  such  as  shown  in  Fig.  5,  since  their  cost  and 
maintenance  is  warranted  by  the  value  of  continuity 
of  service  and  the  apparatus  to  be  protected,  and  their 
protective  power  is  somewhat  greater  than  that  of  any 
other  type.  A  large  condenser  type  arrester,  however, 
is  but  little  less  effective  for  this  service,  and  will  re- 
quire less  attention.  In  a  few  cases,  such  as  shown  in 
Fig.  7,  the  multipath  type  of  arrester  has  been  used  for 
this  ser\-ice  but  such  installations  are  rare. 

The  pole  line  should  be  protected  by  five  equally 
spaced  arresters  per  mile,  of  at  least  moderate  effect- 
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iveness,  and  the  arrester  used  should  be  weather-proof, 
suitable  for  pole  mounting  and  should  require  the 
very  minimum  of  repair  and  inspection.  The  multi- 
path  and  and  the  pole-type  condenser  arresters  fill 
these  requirements  better  than  the  circuit  breaker  and 
magnetic  blow-out  type,  not  only  because  of  their 
greater  protective  effectiveness,  but,  especially  for  line 
protection,  because  of  their  almost  absolute  freedom 
from  all  need  of  repair  and  inspection.  An  installation 
of  multipath  arresters  for  line  protection  is  shown  in 
Fig.  6. 

For  the  cars  themselves,  the  arrester  used  must, 
above  all,  afford  a  very  high  degree  of  protection,  yet 
the  first  cost  and  maintenance  expense  and  trouble 
must  be  a  minimum  and  the  ability  to  mount  the  ar- 


rester in  any  convenient  position  is  a  most  desirable 
characteristic.  The  multipath  type  of  arrester  pos- 
sesses all  these  features  in  a  marked  degree  and  is  su- 
perior to  either  the  circuit  breaker  or  magnetic  blow- 
out types  in  all  respects  for  car  service.  Still  greater 
protection  can  be  obtained  at  a  cost  no  greater  than 
that  for  one  arrester  of  other  types  by  the  use  of  two 
multipath  arresters  in  parallel.  Where  the  lightning 
conditions  are  very  severe  and  the  very  highest  de- 
gree of  protection  is  required — irrespective  of  cost — 
the  condenser  type  of  arrester  will  be  found  to  have 
ample  protective  power  and  to  be  far  superior  to  the 
electrolytic  arrester  for  car  service,  due  to  its  entire 
freedom  from  any  need  of  further  attention  and  trou- 
ble after  it  has  been  once  installed. 


Charging  Resistances  for  Electrolytic  Lightning 

Arresters 


G.  C.  Dill 


CHARGIXG  RESISTAXCES  for  use  in  electr 
quite  a  number  of  years,  but  their  application  has  be 
to  users  of  electrical  apparatus  except  in  these  special 

WHEN  the  electrolytic  lightning  arrester  was 
developed  it  was  found  that  when  alternat- 
ing current  was  passing  through  a  cell  or 
>tack  of  trays  of  an  arrester,  ripples  or  surges  were 
set  up  in  the  charging  current.*  This  was  due  to  the 
electrostatic   capacity   of   the   arrester.     The   primary 


olytic  lightning  arresters  have   been  in   existence  for 
en  very  special  and  their  existence  scarcely  known 
cases. 

ning  arrester  are  harmless  ;  first,  because  most  electro- 
lytic arresters  are  used  in  transmission  lines  which  have 
transformers  interposed  between  the  arrester  and  the 
more  vulnerable  apparatus  in  the  station  or  substation 
and  usually  transformers  have  ample  insulation  on  the 
end  turns  to  withstand  the  comparatively  low  voltages 
of  these  surges;  and  second,  because  most  aerial 
transmission  lines  have  their  line  constants    (resist- 


FIG.    1 — A   TYPICAL  l.\STAI.I,.\TION' 

Showing  a  low  voltage  electrolytic  lighting  arrester  to- 
gether with  the  location  and  mounting  of  tlie  charging  re- 
sistance. 

reason  for  the  use  of  charging  resistance  with  an  elec- 
trolytic lightning  arresters  is  to  dampen  out  these  rip- 
ples or  surges  which  under  certain  conditions  are  ob- 
jectionable, and  might  lead  to  injury  of  the  apparatus. 
Under  most  ordinary  conditions  the  surges  or 
ripples  set  up  by  the  charging  of  an  electrolytic  light- 


*See  the  Jovrxai.,  volume  ",  page  619,  Fig.  3. 
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FIG.   2 — DIAGR.\M    OF    CONNECTIONS 

Of  an  electrolytic  arrester  for  10  000  to  14500  volt,  three- 
phase  ungrounded  neutral  service. 

ance,  inductance  and  capacity)  such  that  there  is  very 
little  or  no  tendency  towards  resonance,  which  might 
possibly  be  of  a  frequency  near  the  natural  frequency 
of  the  surges  set  up  by  the  charging  of  the  arrester. 
Cable  systems  on  the  other  hand  have  much  less  in- 
ductance and  very  much  higher  electrostatic  capacity 
than  aerial  lines ;  that  is,  the  condition  of  resonance  is 
more  nearly  approached.  The  effect  of  this  is  to  cause 
a  higher  charging  current  and  to  increase  the  voltage 
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of  the  surges  or  ripples  and  it  was  this  condition  that 
first  lead  to  the  use  of  charging  resistances. 

Modern    transformers    usually    have    their    end 
turns  well  insulated  and  the  ripples  or  surges  set  up 


FIG.    3 — 0.N1-;    PIIA.SF.    OF    A    IIOOOO    VOLT    THKEE-PHASE    ARRESTER 

For  ungrounded  neutral  service,  showing  horn  gap  and 
resistance  cylinders. 

have  but  little  or  no  effect  upon  them.  Generators 
and  motors,  however,  when  comjiared  with  transform- 
ers, have  comparatively  weak  insulation,  and  when 
generators  or  motors  are  connected  to  a  circuit  with- 
out the  use  of  transformers  and  are  protected  by  elec- 
trolytic arresters  without  charging  resistance,  the 
charging  of  the  arresters  may  in  some  cases  cause 
punctures  of  the  insulation  of  the  windings. 

As  a  general  rule,  charging  resistances  should  be 
used  with  electrolytic  lightning  arresters  when  the 
latter  are  used  for  the  protection  of  : — 

a — Cable  systems. 

b — Motors  and  generators  which  are  connected  directly 
to  a  transmission  line  without  the  use  of  interven- 
ing transformers. 

c — Transformers  which  have  weak  insulation  on  the  end 
turns. 

The  lower  voltage  arresters  equipped  with  charg- 
ing resistance,  have  this  resistance  as  an  integral  part 


TraiMmiKion  Line 


in  P'ig.  I  and  the  circuit  of  a  loooo  to  14500  volt, 
three-phase,  ungrounded  neutral  arrester  with  charg- 
ing resistance  is  shown  in  Fig.  2.  In  this  arrester  the 
charging  resistance  consists  of  a  group  of  non-arcing 
metal  cylinders  shunted  by  suitable  resistances  which 
are  of  the  composition  stick  type.  A  charging  resist- 
ance and  horn  gap  for  one  phase  of  a  no  000  volt 
lightning  arrester  is  shown  in  Fig.  3  and  the  complete 
circuit  of  a  high  voltage,  three-phase,  ungrounded 
neutral  arrester  equipped  with  charging  resistance  is 
shown  in  Fig.  4.  The  charging  resistance,  such  as 
shown  in  Fig.  3,  consists  of  two  auxiliary  horn  gaps, 
each  of  which  is  shunted  by  a  large  rugged  composi- 
tion stick  resistance.  This  type  of  charging  resistance 
is  suitable  for  outdoor  mounting  and  three  such  re- 
sistances are  required  with  any  three-phase  arrester. 

The  action  of  the  charging  resistance  is  the  same 
witli  the  shunted  non-arcing  metal  cylinder  type  as 
with  the  shunted  horn  type,  ^^'hen  the  arrester  is 
charged,  the  main  horn  gaps  are  bridged  and  the  gaps 
between  the   non-arcing  metal   cylinders,   or  between 


2: 


M. 


Fcundatiftii 


[.a.Q,c.o.ooji.o.M3 


FIG.    4— DIAGRAM    SHOWING    COMPLF.TE    CIRCUIT    OF    .\RRESTER 
IN   FIG.   3 

of  the  arrester,  while  on  arresters  for  higher  voltages 
the  manufacturer  furnishes  it  as  an  attachment  which 
can  be  placed  on  a  standard  arrester.  A  low  voltage  ar- 
rester equipped  with  a  charging  resistance  is  shown 
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FIG.      5 — DIAGRAM      SHOWING      COXXECTION      FOR      ARRESTER      AND 
CHARGING   RESISTANCE   ON   A   THREE-PHASE   GROUNDED    NEUTR.^L 

SVSTE.M 

the  auxiliary  horns  are  sufficiently  great  so  that  fhe  po- 
tential at  the  times  of  the  charging  operation  will  not 
break  them  down.  Consequently,  the  charging  cur- 
rent is  compelled  to  flow  through  the  resistance,  so 
that  the  ripples  or  surges  set  up  by  the  electrolytic 
cell  are  damped  out. 

If.  however,  a  lightning  discharge  should  occur, 
it  would  flow  to  ground  through  the  resistance  until 
such  time  as  the  current  flowing  through  the  resistance 
should  become  so  great  as  to  produce  a  voltage  across 
the  auxiliary  gaps  sufficient  to  break  them  down. 
Then  the  charge  would  shunt  the  resistance,  and  have 
a  free  path  to  ground  until  such  time  as  the  flow  of 
current  to  ground  should  no  longer  continue  great 
enough  to  maintain  the  arc  across  the  gaps,  when  the 
flow  of  current  would  again  be  through  the  resistance. 

From  the  above  it  will  be  seen  that  the  function 
and  general  effect  of  a  charging  resistance  is  to  pro- 
duce steadier  conditions  and  maintain  the  stability  of 
the  electrolytic  lightning  arrester  circuit. 


An  Important  Development  in  Steam  Railroad 

Electrification 


William  Arthuk, 

Assistant  Engineer, 
With  McHenry  &  Murray,   Engineers,  New  Haven,  Conn. 


Till",  nighl  of  January  24,  1914,  was  a  notable 
one  in  the  history  of  heavy  steam  electrifica- 
tion in  America.  On  this  night  the  New  York, 
New  Haven  &  Hartford  Railroad  Company,  operat- 
ing the  largest  electrified  system  in  the  world,  made 
important  changes  in  its  methods  of  supplying  energj' 
to  its  trains.  The  consequences  of  these  changes  are 
so  far  reaching  that  it  has  been  felt  to  be  both  de- 
sirable and  necessary  to  give  to  all  interested  a  state- 
ment of  these  changes,  the  reasons  which  made  tiiem 
desirable,  the  expected  Ijenefits  to  be  derived  there- 


tion  of  the  nature  of  the  traffic,  as  well  as  the  long 
distances  and  large  range  of  operation  which  ulti- 
mately would  have  to  be  neg9tiated,  led  to  the  adop- 
tion of  the  single-phase  system  as  olTering  the  most 
flexible  and  economical  solution  of  the  many  prob- 
lems involved. 

Engineers  the  world  over  are  now  in  substantial 
agreement  as  to  the  salient  facts  with  regard  to  the 
comijarative  merits  and  limitations  of  the  various 
systems  of  electrification.  It  has  been  realized  that 
into  e\cr\'  electrification  problem  enters  a  large  num- 


Fia    I — MAP   OF   NEW   ENGLAND    STATES    SHOWING    ELECTRIFIED    POKTION    OF    NEW    YORK,    NEW    HAVEN    AND    HARTFORD 
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from  and  the  extent  Jo  which  the  expectations  of  those  ber  of  considerations;  the  density  of  the  traffic;  the 

responsible  for  these  changes  have  been  realized.  distances  involved,  both  at  the  start  and  in  the  future ; 

For  the  benefit  of  any  who  are  not  familiar  with  interchange  of  freight  and  passenger  traffic  between 

the  general  features  of  the  N.  Y.,  N.  H.  &  H.  electri-  adjacent  roads;  overall  operating  efficiency;  the  need 

fication  system,  a  brief  outline  will  be  given  of  its  his-  or  otherwise  for  flexibility  in  speed  control;  adapta- 

torjr  and  status.    By  reference  to  Fig.  i  it  will  be  seen  bility  to  difYerent  classes  of  service;  the  cost  of  invest- 


that  it  forms  a  part  of  the  main  trunk  line  between 
the  cities  of  New  York  and  Boston,  and  is  an  impor- 
tant part  of  the  total  New  England  railroad  system. 
This  fact  had  to  be  given  full  weight  by  the  engineers 
who,  eight  or  nine  years  ago,  were  responsible  for 
the  decision  as  to  the  system  to  be  adopted  for  this 
electrificatioiL  Regard  for  its  location  as  a  part  of  the 
main  artery  of  a  big  system  and  a  careful  considcra- 


ment :  cost  of  operation  and  maintenance,  etc.,  etc. ; 
or  in  the  broadest  sense — overall  commercial  efticiency 
inclusive  of  all  present  and  future  considerations. 

As  bearing  on  the  history  of  the  New  Haven  elec- 
trification, it  may  be  well  to  state  the  general  agree- 
ments which  have  gradually  established  themselves. 
The  direct-current  system  has  been  found  well  suited 
to  high  density  passenger  traffic  where  the  range  of 
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transmission  is  small ;  with  larger  distances,  however, 
the  substation  and  feeder  costs  become  prohiljitive.  The 
single-phase  system  possesses  advantages  where  great- 
er distances  are  involved  and  where  a  general  electri- 
fication is  contemplated,  owing  to  its  lower  first  cost, 
lower  operating  cost,  greater  flexibility  as  regards 
speed  control,  high  transmission  efficiency  and  ready 
adaptability  to  all  classes  of  services  under  a  single 
wire.  There  are  many  problems  to  which  the  use  of 
direct  current  would  be  the  correct  solution,  but  in 
general  wherever  it  has  been  expected  that  the  initial 
electrified  zone  would  in  the  future  be  extended  to 
cover  large  distances  and  a  wide  variety  of  require- 
ments inclusive  of  passenger,  freight,  switching  and 
miscellaneous  services,  the  engineers  have  decided  to 
use  the  single-phase  system.  This  agreement,  reached 
almost  simultaneously  in  America  and  in  Europe,  is 
a  splendid  tribute  to  the  far  sightedness  and  courage 
of  those  engineers  who  years  ago  had  the  courage  to 
recommend  what  was  then  a  comparatively  new  sys- 
tem. It  represents,  however,  a  perfectly  natural 
growth  and  is  due  to  a  clearer  and  more  general  ap- 
preciation of  the  fundamental  principles  involved,  as 


fabric  of  its  business  and  organization  has  been  reared 
upon  these  characteristics  and  upon  the  proven  ability 
and  clear-sightedness  of  its  officials.  Their  decision, 
therefore,  made  after  an  extended  experience  with  di- 
rect current,  is  the  strongest  endorsement  which  could 
have  been  given  to  the  single-phase  system.  This  de- 
cision is  the  more  significant  when  it  is  remembered 
that  the  initial  single-phase  electrification  at  Phila- 
delphia is  one  involving  high  density  passenger  sub- 
urban   service    handled    by  motor    car    multiple-unit 

trains. 

Several  years  ago,  at  the  time  the  electrification 
of  the  New  Haven  system  was  first  contemplated,  ex- 
perience with  important  electrified  steam  railroads  op- 
erating at  more  than  a  few  thousand  volts,  was  very 
meagre.  The  New  Haven  engineers  decided  upon 
1 1  ooo  volts  as  the  working  pressure.  This  was  a  rad- 
ical departure,  and  necessarily  introduced  many  new- 
problems  and  difficulties.  The  need,  however,  of  a 
high  voltage  alternating  current  in  an  overhead  wire 
was  imperative,  and  the  difficulties  had  to  be  met  and 
vanquished.  It  was  further  decided  to  supply  the 
1 1  ooo  volts  from  the  generator  terminals  directly  to 
the  contact  wire  without  the  interposition  of  any  rais- 
ing or  lowering  transformers;  this  method  offering 
the  simplest  answer  to  the  apparent  needs.  With  so 
manv  factors  untried  and  unknown,  it  was  felt  to  be 


PIQ     2 — SCHEMATIC    DT.\GRAM    OF    TRACKS 

well  as  the  physical  demonstration  of  flexibility  and  ■ 
efficiency  which  has  since  been  given,  not  alone  in 
America,  but  in  England,  Switzerland,  France,  Ger- 
many, Denmark  and  other  countries.  European  en- 
gineers were  quick  to  grasp  the  importance  of  the  new- 
developments  and  their  practical  bearing  upon  future 
work.  Perhaps  the  best  instance  of  this  is  to  be  seen 
in  Switzerland,  or  on  the  London,  Brighton  &  South 
Coast  Railway  of  England,  where  soon  there  will  be 
approximately  250  miles  of  railway,  some  of  which 
traverses  the  most  congested  territory  in  the  world- 
all  electrified  on  the  single-phase  system. 

American  development,  outside  of  the  New-  Haven 
system,  for  a  time  moved  more  slowly,  halted  no  doubt 
by  the  conservatism  which  \vaited  patiently  for  re- 
sults to  be  demonstrated.  The  recent  decision  of  the 
Pennsylvania  and  the  Norfolk  &  Western  Railroads 
to  use  the  single-phase  system  for  their  general  electri- 
fication work  marks  the  end  of  this  halting  period  and 
brings  American  engineering  into  line  with  the  rest  of 
the  engineering  world. 

The  Pennsylvania  Railroad — the  premier  railroad 
of  the  world — has  a  reputation  for  thoroughness  and 
for  sound,  conservative  business  policy.     The  whole 


better  from  every  point  of  view  to  start  with  the  sim- 
plest  elements,   adding  only  such    features   as   might 
prove  necessary  and  desirable,  rather  than  loading  up 
at  the  start  with  a  complexity  of  checks  and  counter- 
checks based  solely  upon  undefined  apprehensions  and 
which  later  might  prove  to  be  only  expensive  frills. 
The  three  separate  links  in  the  electrified  chain,  viz., 
power  house,  overhead  line  and  rolling  stock,  had  been 
tried  out  separately.     They  had  never  been  tried  out 
on  a  large  scale  in  combination.    The  New  Haven  en- 
gineers undertook  to  combine  them  and  produce  a  new- 
result.    The  results  of  their  work  are  now  matters  of 
history,  and  have  been  so  fully  covered  in  ]Mr.  W.  S. 
Murray's  contributions  to  the  proceedings  of  the  A.  I. 
E.  E.,  as  well  as  in  the  technical  press,  that  they  will 
not  be  but  touched  on  herein.    Suffice  it  to  say,  that  to 
each  sore  spot  or  detail  weakness  as  it  developed  was 
applied  the  healing  salve  of  common  sense,  backed  by 
the    engineering   experience    of    many   trained   minds 
working  in  concert.     The  result  was  inevitable:  the 
possibilities  of  the  new  system  were  fully  developed 
and  realized :  and,  w-ith  equal  frankness,  be  it  said  that 
the  limitations  of  the  arrangement  as  originally  con- 
ceived were  equally  established.     It  was  anticipated 
that  experience  w-ould  undoubtedly  develop  tliese  lim- 
itations, since  progress  is  made  by  step-by-step  meth- 
ods, and  never  all  at  once.    After  four  years  then,  two 
small  difficulties  remained,  awaiting  attention. 
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One  was  a  need  for  more  positive  correction  of 
electro-magnetic  disturbances  in  neighboring  telegraph 
and  telephone  circuits — a  large  number  of  which  par- 
allel the  railroad  tracks.  Corrective  measures  had 
been  applied  at  a  very  early  stage,  and  in  general  had 
proved  quite  successful.    The  growing  volume  of  busi- 
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Fin.    3 — OUTLINE   DI.\r.R.\M    OF  ORICI.VAL    SYSTEM    OF   ELECTRIFICA- 
TION 

ness,  however,  necessitating  larger  and  larger  currents, 
considerably  increased  these  effects,  especially  when 
grounds  or  short-circuits  occurred.  It  would  have 
been  feasible  to  continue  to  add  to  the  number  of  neu- 
tralizing transformers  and  other  corrective  apparatus, 
and  so  retain  the  status  quo,  but  this  did  not  entirely 
satisfy  those  responsible  for  a  decision.     It  was  felt 


River  branch  and  freight  yards  were  added,  empha- 
sized this,  and  it  was  still  further  emphasized  by  the 
decision  to  extend  electrical  operation  to  Xew  Haven 
^a  distance  of  45  miles.  The  difficulties,  however,  in 
the  way  of  raising  the  transmission  voltage  were  con- 
siderable, since  it  meant  that  the  insulation  on  approx- 
imately 350  of  the  total  572  miles  of  overhead  contact 
wire.  Fig.  2,  with  its  attendant  rolling  stock  and  other 
apparatus  apparently  would  need  to  be  replaced. 

After  much  searching  a  solution  was  most  hap- 
pily found,  which,  it  appeared,  would  simultaneously 
solve  in  a  simple  manner  both  problems,  viz.,  in- 
ductive disturbances  and  the  need  for  obtaining  a 
higher  transmission  voltage  without  increasing  the  po- 
tential stress  to  ground.  By  referring  to  Figs.  3  and 
4,  in  w^hich  are  shown  schematic  outlines  of  the  orig- 
inal electrification  system,  and  of  the  new  one  recently 
inaugurated,  it  will  be  seen  that  under  the  old  system 
all  of  the  current  flowing  either  in  the  overhead  wire 
or  in  the  rails  or  ground  return,  was  in  the  same  direc- 
tion for  the  greater  part  of  the  trackage  involved,  and 
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to  be  better  to  try  and  remove  the  cause,  rather  than 
correct  the  resulting  effect. 

The  other  need  was  related  to  the  transmission  volt- 
age. As  already  stated,  the  pressure  at  the  generator 
terminals  and  on  the  overhead  wires  was  1 1  000  volts. 
Generators  could  not  then,  and  cannot  now,  be  eco- 
nomicalK-  built  for  much  higher  voltages.  Meanwhile, 
ideas  of  what  constituted  a  high  transmission  voltage 
were  rapidly  changing,  and  although  11  000  volts  had 
at  one  time  seemed  so  radical,  yet  it  was  now  no  longer 
so.  Looking  into  the  future  it  was  anticipated  that 
needs  would  arise  for  much  higher  voltages  than  were 
originally  conceived.  The  direct  connection  between 
generator  and  line  limited  this  possibility  and  should 
be  modified  accordingly.  The  rapid  growth  of  the 
business,  accompanied  by  a  large  extension  to  the 
range  of  operation  which  took  place  when  the  Harlem 


tlius  its  electro-magnetic  effect  was  cumulative  with 
reference  to  the  adjacent  paralleling  wires.  The  beau- 
tiful simplicity  of  this  arrangement,  however,  is  quite 
apparent.  Referring  to  Fig.  4,  it  will  be  seen  that 
under  the  new  arrangement  generators  at  the  power 
station  no  longer  feed  the  contact  wire  directly,  but 
interposed  between  are  auto-transformers,  situated  in 
the  power  station,  having  their  centers  grounded  to 
the  rails.  The  terminal  voltage  of  the  generators,  as 
before,  is  11  000  volts.  The  transformers  raise  this 
to  22  000  volts.  One  terminal  of  the  transformer  is 
carried  to  the  contact  wires  and  the  other  to  feeder 
wires.  These  feeder  wires  are  the  ones  previously 
used  to  parallel  the  contact  wires. 

At  distances  of  everv^  few  miles,  Fig.  5,  along  the 
main  line,  and  located  usually  with  reference  to  an 
already  existing  anchor  and  sectionalizing  bridge,  is 
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situated  an  outdoor  type  auto-transformer.  This  in 
turn  has  its  center  connected  to  the  rails,  one  terminal 
connected  to  the  contact  wires  and  the  other  terminal 
to  the  feeder  wire.  The  total  line  is  therefore  broken 
up  into  sections  of  short  length.  By  reference  to  the 
arrows  it  will  be  seen  that  any  train  draws  it  current 
from  the  transformers  on  either  side  of  it;  and.  pro- 
viding it  is  situated  midway  between  transformers, 
half  of  this  current  will  complete  its  circuit  through 


a   valuable    consideration  in    other    situations    where 
these  effects  may  be  a  larger  factor. 

It  was  prophesied  that  in  addition  to  doubling  the 
transmission  voltage  and  eliminating  practically  all  of 
the  inductive  disturbances,  certain  other  advantages 
would  follow  from  this  arrangement.  It  is  clear  that 
the  doubling  of  the  transmission  voltage  has  been  ef- 
fected without  increasing  the  potential  stress  to  ground, 
for  although  there  are  22  000  volts  across  the  comi)lete 
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the  rails  and  ground  in  one  direction,  and  the  other  half 
through  the  rails  and  ground  in  the  other  direction, 
thus  tending  to  neutralize  its  electro-magnetic  effect 
upon  adjacent  telephone  or  telegraph  circuits.  In  case 
a  train  is  situated  nearer  to  one  transformer  than  to  the 
other,  it  will  draw  the  greater  part  of  its  current  from 
this  transformer  and  the  smaller  portion  of  its  current 
from  the  more  distant  one.  The  net  result,  however, 
is  the  same ;  for  it  can  be  seen  that  the  larger  current 
multiplied  by  a  shorter  distance  is  again  balanced  by 
the  smaller  current  multiplied  by  the  larger  distance. 
A\  hat  is  true  electro-magnetically  is  true  also  in  large 
measure  electro-statically,  for  regarding  the  primarv 
22  ooo  volt  circuit,  which,  as  will  be  seen,  is  made  up 
of  the  contact  wire  on  one  side  and  the  feeder  on  the 


is  only  1 1  ooo  volts.  The  arrangement,  in  fact,  rep- 
resents what  is  familiarly  known  in  direct-current 
practice  as  the  three-wire  system,  except  that  in  this 
instance  only  one  side  of  the  circuit  is  loaded.  There 
were  many  good  reasons — chiefly  difficulties  at  cross- 
overs and  junctions — which  led  to  the  utilization  of 
only  one  side  of  the  circuit.  Obviously  this  arrange- 
ment permits  of  extreme  flexibility  in  the  choice  of 
transmission  voltage,  since  across  one  side  of  the  cir- 
cuit the  voltage  may  be  raised  to  any  practicable  fig- 
ure, leaving  the  voltage  on  the  contact  wires  and  roll- 
ing stock  the  same.  For  instance,  in  the  case  of  the 
Xew  Haven  electrification  the  auto-transformers,  as 
shown,  have  a  one  to  one  ratio,  with  eleven  thousand 
circuit,  yet  the  potential   from  either  side  to  ground 
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other,  it  now  becomes  possible  to  bring  these  two  wires 
into  the  same  general  position  with  reference  to  out- 
side circuits,  and  thereby  balance  their  electro-static 
effects ;  obviously  this  is  not  possible  when  one  side 
of  the  primary  circuit  consists  of  the  rail  and  ground 
return.  Hlcctro-static  disturbances  are  and  always 
have  been  inappreciable  in  the  case  of  the  Xew  Haven 
electrification  ;  the  point  is  mentioned  herein  as  being 


FIG.    9 — SIMILAR    DIAGRAM    FOR    THE   22  000   VOLT    SYSTEM 

volts  across  each  side.  For  other  conditions  it  would 
be  quite  feasible  to  use  transformers  with  a  ratio  of 
sav,  four  to  one;  tlius  <ik'ing  a  traytsniissioii  z-oltage  of 
_5 5  000  folts.  'cvhilst  retaining  ii  000  volts  on  the  con- 
tact zvire.  It  will  at  once  be  apparent  that  by  the  use 
of  an  additional  wire  a  two-coil  transformer  arrange- 
ment could  be  used,  which  would  possess  advantages 
under  certain    conditions ;    the    underlying    principle. 
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however,  is  the  same  in  either  case.  Several  of  the 
more  recent  electrification  ])lans,  including  the  I'enn- 
sylxania.  show  the  adojition  of  tiie  two-coil  arrange- 
ment. It  will  he  noted  that  the  jjotential  stress  to 
ground  on  the  generators  at  the  ]i<iwer  house  has  been 
materially  reduced  by  the  new  arrangement. 

Figure  lo  shows  the  complete  system  of  main  cir- 
cuit connections,  exclusi\e  of  power  station,  under  the 
old  arrangement.  .V  study  of  I'igs.  0.  7,  8  and  9  will 
show  the  nature  and  extent  of  the  changes  involved. 
Fig.  II  shows  the  complete  main  circuit  connections 
under  the  new  arrangement.  The  power  station  con- 
nections, both  old  and  new,  are  shown  in  I'igs.  12  and 
13.  It  will  be  seen  that  the  changes  to  be  made 
were  considerable,  particularly  in  view  of  the  fact  that 
the  transition  from  one  system  to  another  had  to  be 
made  without  interference  with  the  operation  of  trains, 
and  this  on  one  of  the  most  congested  pieces  of  track- 
age in  the  country.  To  do  this  without  interrupting 
trat'fic  required  the  making  of  many  temporar\-  con- 
nections and  the  perfecting  of  an  arrangement  which 
permitted  the  final  changeover  to  be  made  easily  and 
quickly.  The  important  duties  in  connection  there- 
with were  delegated  chiefly  to  ^Ir.  V..  J.  Amberg,  as- 
sistant engineer,  to  whose  ability  and  painstaking 
thoroughness  was  due  in  large  measure  the  successful 
accomplishment  of  the  work.  Plans  were  carefully 
laid,  each  step  being  prearranged  in  its  proper  sequence 
with  relation  to  all  other  steps;  the  preliminary  work 
extended  over  a  period  of  eighteen  months. 

To  make  the  final  changeo\er  from  the  old  system 
to  the  new,  and  to  do  this  simultaneously  at  the  gener- 
ating station,  and  on  nearly  350  miles  of  trackage  with 
the  minimum  interruption  to  traffic,  presented  prob- 
lems of  no  inconsiderable  difficulty.  At  some  ]>ointi; 
the  changes  to  be  made  were  very  small,  merely  the 
disconnecting  of  a  few  wires  and  the  closing  of  cer- 
tain switches;  at  other  points  a  great  deal  of  work 
and  change  was  involved.  Each  man,  however,  had 
to  do  his  part  just  right.  It  meant  rapid,  positive  and 
exact  coordination  between  a  large  number  of  separate 
individuals  or  gangs  situated  remotely  from  each 
other,  and  distributed  over  a  large  area.  These  dififer- 
ent  units  had  to  be  tied  together  through  some  central 
exchange;  the  load  dispatcher,  therefore,  formed  a 
natural  clearing  house  for  the  issuance  and  receipt  of 
instructions  and  reports.  .\  mistake  at  any  point  In- 
some  man  or  set  of  men  would  have  meant  confusion 
and  delay  affecting  the  whole  system.  The  work  had 
to  be  largely  performed  in  the  darkness ;  the  early 
hours  of  a  Sunday  morning  were  predicated  by  the 
li,ghtness  of  the  traffic  requirements  at  that  time.  It 
was  arranged  that  the  few  trains  scheduled  to  run  be- 
tween the  hours  of  2:00  A.  M.  and  6:cx3  A.  M.  should 
be  hauled  by  steam  locomotives.  Four  hours,  then, 
were  available  in  which  to  ring  out  the  old  and  ring 
in  the  new.  Promptly  on  the  appointed  minute  the 
generating  station  was  shut  down,  thus  automatically 
removing  power  from  the  whole  system.     Xotification 


was  given  by  the  load  dispatcher  to  all  concerned  that 
work  might  be  started,  and  the  race  was  on.  Within 
two  minutes  of  the  issuance  of  the  instructions  to  go 
ahead,  the  load  dispatcher's  telephone  bell  tinkled  and 
the  first  distant  gang  reported  themselves  as  having 
tinished  their  task,  and  asked  for  further  instructions, 
rtiey  were  told  to  stand  by  and  await  orders.  In  quick 
succession  came  other  reports  and  the  same  reply  was 
given;  and  now  at  lengthening  periods  came  the  re- 
ports from  those  who  had  had  more  involved  work 
to  do.  At  3:09  A.  M.,  i.  e.,  within  69  minutes  from 
the  start,  the  last  report  was  in.  At  3:10  those  in  the 
generating  station  had  received  word  that  all  outside 
work  on  the  350  miles  of  track  had  been  finished. 

Meanwhile  within  the  jmwer  station  itself,  where- 
in the  changes  to  be  made  were  of  course  much  greater 
than  at  any  other  individual  point,  a  panoramic  per- 
formance like  an  over-stimulated  beehive  had  been  en- 
acted, livery  motion  of  a  large  number  of  hands 
had  been  made  to  count.  At  3:21  A.M.  all  work 
within  the  jiovver  station  was  reported  as  finished. 
.So  far,  then,  everything  iiad  moved  with  the  precision 
of  a  well-regulated  and  well-oiled  clock.  It  now  re- 
mained to  test  the  results  of  this  work  and  of  the 
eighteen  months'  work  which  had  preceded  it. 

.\t  3:25  A.M.  the  i)ovver  station  operators  were 
told  to  start  up  the  turbo-generators.  At  3 134  the 
control  and  three-phase  circuits  were  energized  by 
very  gradually  building  up  voltage  on  them.  At  3:44 
this  jiortion  of  the  apparatus  had  been  tested  and 
found  to  be  O.  K.  The  real  test,  however,  was  still 
to  come,  and  the  main  circuits  were  now  energized ; 
the  vdltagc  on  these  being  most  carefully  but  continu- 
ously built  uj)  by  minute  accretions  extending  over  a 
considerable  period.  Full  voltage  was  obtained  at  4:30 
A.M.  and  at  4:45  A.M.  the  entire  system  was  pro- 
nounced ready  for  load.  Regular  trains  Xos.  93 
and  97.  for  which  steam  locomotives  had  been  sched- 
uled, were  advised  to  operate  electrically.  This  was 
done,  the  load  from  these  being  apparent  at  5  125  A.  M. 
and  ^:2(>  A.  M.,  respectively.  Within  a  few  minutes 
these  trains  tore  past  the  power  station  and  disap- 
peared in  a  faint  trail  of  sparks  to  the  accompaniment 
of  a  triumphant  blast  from  their  sirens. 

The  final  test,  however,  would  come  when  a 
ground  took  place  on  one  or  more  of  the  main  track 
circuits.  This  would  test  not  alone  the  efficiency  of 
the  protective  devices,  but  the  correct  selective  func- 
tioning of  the  line  control  aparatus  as  well.  Under 
ordinary  circumstances  we  might  have  had  to  wait 
several  days  or  even  weeks  for  a  ground  to  take  place ; 
but  a  wet  muggy  night,  combined  with  a  steam  loco- 
motive which  most  obligingly  halted  and  belched  steam 
and  smoke  under  an  already  defective  insulator,  quick- 
ened matters  a  little.  Our  suspense  was  short-lived ; 
in  a  few  minutes  the  distant  insulator  grounded. 
There  was  a  shock  and  a  response,  within  a  fraction 
of  a  second   the  distant  circuit  breakers  had  tripped 
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and  the  line  had  cleared  itself.  Following  the  usual 
practice,  the  towerman  on  the  spot  again  closed  the 
circuit  breakers  and  the  short-circuit  was  repeated. 
The  whole  aparatus  functioned  perfectly. 

At  5:31  A.  M.  the  operating  department  was  ad- 
vised that  full  normal  service  might  be  resumed.  Such 
a  result  could  only  have  been  achieved  by  the  very  best 
kind  of  team  work  on  the  part  of  all  concerned.  The 
changes  were  made  under  the  direct  and  personal  su- 
pervision of  Mr.  \\"m.  S.  Murray,  acting  in  his  official 
ca]>acity  as  consulting  engineer  to  the  railroad  com- 
panv.  All  matters  pertaining  to  the  350  miles  of  tracks 
were  delegated  to  Mr.  H.  Gilliam,  who  was  assisted  by 
Messrs.  Tyree  and  MacKay.  As  before  stated,  Mr. 
E.  J.  Amberg  was  responsible  for  the  preparatory 
work  in  general  and  for  the  internal  changes  to  the 
power  house  circuits,  in  which  latter  he  was  ably  as- 
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FIG.     12 — SCHEM.\T1C    MACR.XM    OF    H.    T.    BL'S    AND    CONNECTIONS 
.■\S    USED    FOR    I  I  000   VOLTS    .\T    COS    Colt    POWER    HOUSE 

sisted  by  Mr.  B.  Wheeler.  There  were  a  number  of 
others  who  rendered  valuable  service  in  many  other 
directions  and  places,  and  contributed  their  full  ([uota 
to  the  successful  issue. 

Immediately  after  the  inauguration  of  the  new 
service  the  writer  visited  the  headquarters  of  one  of 
the  local  telegraph  and  telephone  systems  and  inquired 
as  to  the  results  to  be  noticed  on  their  lines.  One  of 
the  officials  stated  that  whereas  hitherto  it  had  always 
been  necessary  to  most  carefully  adjust  the  compen- 
sating and  other  apparatus  on  account  of  inductive 
disturbances,  they  now  were  adjusting  in  the  endeavor 
to  find  any  remaining  trace  of  the  disturbing  effect; 
but  so  far  without  success. 

The  results  which  have  been  maintained  during 
the  month  succeeding  these  changes  have  fullv  justi- 


fied the  expectations  of  those  who  were  responsible 
for  the  inception  of  the  primary  idea  and  for  its  suc- 
cessful consummation  as  a  working  electrification. 
The  primary  "three-wire"  system"  idea  was  rough 
hewn  and  presented  as  an  offshoot  from  the  mind  of 
Mr.  E.  H.  McHenry,  formerly  vice-president  of  the 
New  Haven  Railroad  in  charge  of  engineering.  It 
was  reviewed  by  Mr.  Chas.  F.  Scott,  who  proposed  the 
arrangement  of  circuits  and  transformers,  described 
herein  as  best  suited  to  the  particular  conditions; 
whereas  the  engineering  adaptation  of  the  general 
scheme  to  the  existing  system  was  worked  out  by  Mr. 
W'm.  .S.  Murray,  formerly  electrical  engineer  for  the 
company.  Professor  Scott's  preliminary  calculations 
had  shown  the  large  relief  from  inductive  distrubances 
which  we  could  exi)ect.  The  actual  results  show  the 
relief  to  be  even  greater  than  was  anticipated.  This 
is  a  truly  gratifying  accomplishment  and  one  which 
not  only  reflects  the  greatest  possible  credit  on  all  con- 
cerned but — what  is  of  mucli  more  importance- 
breaks  down  and  removes  com|)letely  the  last  slender 
barrier  which  has  remained  in  the  way  of  the  full  ac- 
ceptance and  realization  in  all  countries,  of  the  splen- 
did possibilities  of  the  single-phase  system  for  general 
electrification  work. 

Most  electrifications  start  in  a  small  way  around 
terminals  and  congested  areas,  and  in  the  future  will 
gradually  grow  outward  until  they  meet  and  overlap 
other  similarly  growing  systems.  A  high  voltage  al- 
ternating current  in  a  single  overhead  contact  wire 
has  shown  itself  to  be  the  most  elastic  and  commer- 
cially efficient  suit  of  clothes  that  a  growing  electrifi- 
cation can  wear.  It  permits  the  simultaneous  opera- 
tion of  single-phase,  three-phase  and  direct-current- 
rectifier  rolling  stock  from  the  same  contact  wire 
"without  breaking  gauge."  \\  ith  direct  current  this 
is  not  true ;  and  when  once  committed  to  its  use  we 
are  often  in  the  position  of  one  who  is  staggering 
along  under  a  constantly  growing  weight,  which  he 
dare  not  and  may  not  let  fall.  To  join  up  the  one 
system  with  the  other  involves  either  costly  complica- 
cation  or  a  break  of  gauge.  All  who  have  had  much 
experience  with  either  or  both,  know  with  certainty 
the  inefficiency  and  expense  which  follows.  Unbiased 
and  competent  engineers,  of  course,  would  not  hesitate 
for  a  moment  to  recommend  the  use  of  direct  current 
in  situations  where  all  present  and  future  conditions 
warrant  it,  but  the  consensus  of  opinion  in  Europe  and 
America  has  shown  that  these  situations  are  special 
and  rare,  and  so  far  as  can  be  seen  will  probably  be- 
come more  so.  The  single-phase  system  has  come  into 
its  own ;  the  results  described  herein  are  but  a  further 
indication  of  this.  These  results  constitute  the  last 
needed  strokes  of  the  axe.  dealt  boldly  yet  surely  by 
the  arms  of  those  jiioneers  who  blazed  the  original 
trail,  thus  opening  up  the  way  into  the  land  of  future 
achievement. 
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Polar  and    Circular    Oscillograms  and  Their 

Practical  Application 

L.  W.  Chubb 

FOREWORD — III  a  recent  article*  a  new  harmonic  analyser  was  described  which  works  mechanically 
from  a  polar  or  circular  curve  of  the  wave  to  be  analyzed.  The  present  article  describes  the  apparatus  and 
method  used  in  taking  polar  oscillograms,  brings  out  some  additional  uses  of  the  polar  curves  and  shows 
some  short  cuts  and  new  methods  of  calculation. 


VARIATIONS  and  fluctuations  in  any  quantity 
or  mathematical  function  are  conveniently  ex- 
pressed graphically  with  curves  and  waves. 
Such  cur%'es  may  be  used  to  give  only  a  mental  pic- 
ture of  a  certain  variable  function  or  may  be  used 
lor  more  exact  measurements  and  calculations.  \Mien 
quantitative  results  are  to  be  expressed  it  is  necessary 
to  refer  the  curve  to  certain  coordinate  axes  or  refer- 
ence points.  To  do  this  several  systems  of  coordi- 
nates have  been  used  but  only  two,  the  rectangular 
or  Cartesian,  and  circular  or  polar  systems  are  in  com- 
mon use.  In  the  former  plane  curves  are  referred  to 
two  perpendicular  lines  or  axes,  and  in  the  latter  the 
points  of  the  curves  are  located  by  their  distance  from 
a  point  called  the  pole  and  the  angle  subtended  be- 
tween a  reference  line  through  the  pole  and  the  radius 


cal  scale  shows  the  variations  of  current  and  voltage 
above  and  below  the  zero  value.  Fig.  2  shows  the 
polar  curves  of  the  same  functions,  and  any  point 
such  as  A  on  the  current  curve  is  located  by  the  angle 
©  between  the  horizontal  axis  and  the  radius  vector 
i  and  the  distance  i  (amperes)  from  the  pole  P.  Fig 
3  shows  another  polar  curve  or  circular  curve  in  which 
the  same  point  A  is  located  by  the  angle  ©  and  the 
radial  distance  from  the  zero  line  or  reference  circle. 
Figs.  2  and  3  are  both  polar  curves,  the  only  differ- 
ence being  that  in  Fig.  3  the  radius  vector  is  a  con- 
stant (radius  of  the  zero  circle)  plus  the  value  of 
current  or  voltage,  while  in  Fig.  2  these  functions  are 
measured  directly  from  the  pole  in  the  plus  or  minus 
direction  on  the  radius  vector.  AMth  the  true  polar 
curve.  Fig.  2.  the  two  lobes  or  half  cvcles  of  the  curA-es 
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FIGS.   I,  2.  AXD  3 — VOLT.\GE  AXD  CURRENT   CIRVES 

Fig.  I — As  referred  to  rectangular  axes.     Fig.  2 — As  referred  to  a  polar  axis.    Fig.  3 — As  referred  to  a  circular  zero  line. 


vector  or  line  joining  the  pole  and  the  point  in  ques- 
tion. 

Oscillograms  or  photographic  records  of  electrical 
waves  are  generally  recorded  on  rectangular  coordi- 
nates on  a  moving  photographic  plate  or  a  film  wrap- 
ped around  a  revolving  cylindrical  drum.  Two  dis- 
tinct types  of  curves  are  recorded  by  the  oscillograph, 
those  which  are  periodic  and  those  which  show  tran- 
sient phenomena.  Transient  cunes  should  properly 
be  expressed  in  rectangular  form  but  periodic  waves 
'  can  profitably  be  recorded  in  circular  or  polar  form. 

Figs.  I,  2  and  3  show  three  graphical  methods  of 
expressing  the  periodic  exciting  current  and  voltage 
of  a  transformer.  Fig.  i  shows  the  common  form  of 
curve  in  which  the  cycle  is  referred  to  two  perpendic- 
ular lines.  The  abscissa  or  horizontal  scale  shows 
time  or  electrical  degrees  and  the  ordinate  or  verti- 


*See  "The  Anal)-sis  of  Periodic  Waves"  in  the  Journai.  for 
February,  1914. 


are  coincident  (when  only  odd  harmonic  components 
are  present)  as  the  negative  values  are  measured  in  a 
direction  opposite  to  the  angular  reference  line  or 
radius  vector,  and  the  sequence  of  values  in  the  two 
half  cycles  of  the  curves  are  the  same  except  for 
sign. 

Oscillograms  of  periodic  curves  can  best  be  taken 
in  the  form  shown  in  Fig.  3,  but  in  some  cases  the  true 
polar  form  is  better  as  will  be  shown  later.  To  record 
photographically  the  motions  of  the  spot  of  light  of 
the  oscillograph  in  polar  or  circular  form  a  sensitive 
disc  film  is  made  to  revolve  about  its  center  and  the 
spot  of  light  made  to  vibrate  radially  on  the  film.  Fig. 
4  shows  the  film  holder  used  in  taking  circular  oscillo- 
grams. It  consists  of  a  light  tight  casing  in  which  the 
film  is  revoh'ed  at  synchronous  speed  on  the  shaft  of 
a  small  motor.  The  motor  is  mounted  on  the  back 
of  the  apparatus  and  its  shaft  extends  through  a  felt 
bushed  hole  to  the  inside  of  the  casing.     A  flvwheel 
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of  sheet  steel  lo  inches  in  diameter  is  mounted  on  the 
shaft  and  the  photographic  fihn  of  the  same  diameter 
is  secured  to  the  shaft  directly  in  front  of  the  fly- 
wheel. Fig.  5  shows  an  exploded  view  of  the  film 
holder  with  the  parts  indicated.    The  front  of  the  cas- 


rlG.   4 — FILM    HOLDER   FOR    USE   IN    TAKING   CIRCULAR 
OSCILLOGRAMS 

ing  is  secured  with  wing-nuts  and  can  easily  be  re- 
moved in  the  dark  room  or  in  a  bag  to  load  or  with- 
draw the  films.  A  radial  slot  S,  about  four  inches 
long,  is  arranged  with  a  sliding  shutter.  This  shutter 
is  provided  with  a  wedge  shaped  opening  so  that  as 
it  slides  past  the  slot  the  exposure  at  the  different 
distances  from  the  center  will  be  proportional  to  the 
radius  and  equalize  the  impression  on  tlie  film  at  all 
points.  The  extension  D  at  the  bottom  of  the  appa- 
ratus is  pushed  in  or  pulled  out  to  operate  or  slide  the 
shutter.  On  the  face  of  the  casing  is  a  brass  plate  P 
which  fits  on  the  film  holder  slots  of  the  oscillograph, 
and  when  the  apparatus  is  in  place,  the  spot  of  light 
from  the  oscillograph  element  vibrates  radially  in  and 
out  from  a  zero  position  near  the  center  of  the  slot, 
.'^ince  the  film  is  run  at  synchronous  speed  the  shutter 


FIG.    S — EXPLODED   VIEW    OF   FILM    HOLDER 

.-J— Flywheel.      B— Film. 

can  be  left  open  for  several  revolutions  of  the  film 
and  each  part  of  the  film  will  be  exposed  several  times 
instead  of  just  once,  as  is  the  case  with  the  usual  os- 
cillographic apparatus. 

Fig.  6  shows  the  apparatus  attached  to  the  oscil- 


lograph, and  also  the  apparatus  used  to  tell  when  the 
film  is  running  at  synchronous  speed.  The  natural 
drive  for  the  film  would  be  a  synchronous  motor,  but 
such  a  motor  is  not  practical  because  often  sufficient 
alternating  current  cannot  be  taken  from  the  circuit 
without  disturbing  the  conditions  of  test.  For  this 
reason  the  film  motor  is  a  series  commutator  motor 
which  can  be  run  on  the  same  circuit,  another  alter- 
nating current  circuit  or  on  a  direct-current  circuit. 
Synchronous  speed  is  indicated  by  observing  a  vibrat- 
ing reed  R  through  a  stroboscopic  slot  in  a  small  cyl- 
indrical extension  on  the  shaft  of  the  motor.  The  reed 
is  very  small  and  is  arranged  with  a  movable  fret  F 
so  that  its  natural  period  of  vibration  can  be  adjusted 
to  agree  with  the  frequency  of  the  circuit  and  made  to 
vibrate  electromagnetically  with  a  ver\-  feeble  current. 
The  speed  of  the  motor  is  varied  until  the  vibrating 
reed  observed  through  the  stroboscopic  slot  is  ap- 
parently standing  still.     When  synchronous  speed  is 


FIG.  6 — .\PPARATUS   FOR   TAKING   CIRCULAR    OiClLMH.KAMS 

thus  indicated  the  shutter  is  operated  by  pressing  the 
lever  L.  Usually  two  exposures  are  made,  one  to  re- 
cord the  periodic  waves  and  the  other,  with  the  oscil- 
lograjihic  switches  open,  to  record  the  zero  lines  or 
reference  circles. 

Until  an  engineer  is  used  to  the  polar  pictures  of 
electrical  waves,  they  seem  somewhat  confusing  and 
do  not  give  at  a  glance  the  clear  conception  that  the 
rectangular  pictures  do.  However,  for  general  use- 
fulness and  accuracy  they  have  proved  to  be  much 
more  valuable  than  the  former  type  as  a  single  cycle 
is  several  times  as  long  and  this  extension  of  the  time 
scale  and  the  geometric  form  of  the  curve  allow  more 
accurate  sub-division  and  more  simple  and  accurate 
calculations  of  phase  angles,  harmonic  analysis,  square 
root  of  mean  square  values,  power  in  watts,  power- 
factor,  .wave  shape  distortion,  distortion  factor,  etc. 

The  method  of  using  the  circular  oscillograms 
for  harmonic  analysis  has  already  been  covered  in  the 
former  article.  The  other  constants  and  ratios  men- 
tioned above  can  be  calculated  directly  from  the  cir- 
cular oscillogram  or  indirectly  from  the  results  of  the 
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harmonic   analysis.      In    the    toilovving   these   methods 
and  their  proofs  will  be  given. 

EFFECTIVE    OK    ROOT    MEAN    SQUAKK    VALUES 

In  alternating-current  circuits  the  effective  value, 
or  sc|uare  root  of  the  mean  scjuare  value,  of  current 
and  voltage  is  of  the  greatest  importance.  When  pos- 
sible the  effective  values  of  volts  and  amperes  can 
most  readily  be  measured  with  the  alternating-current 
ammeter  or  voltmeter,  both  of  which  give  the  square 
root  of  the  mean  square  value.  Often,  however,  it  is 
impossible  to  olitain  meter  readings  and  in  design  and 
analytical  problems  it  is  necessary  to  know  the  effective 
values  of  a  wave  or  the  resultant  of  two  or  more  com- 
ponent waves. 

The  conventional  method  of  taking  vector  sum  or 
difference  of  component  waves  is  not  correct  except 
for  ])ure  sine  waves,  and  in  many  cases  distortions  of 
electric  waves  are  such  that  vector  diagrams  and  other 
conventional  methods  of  calculation  are  not  sufficiently 
accurate.  Effective  values  may  be  worked  out  from 
the  rectangular  curve  by  squaring  the  ordinates,  draw- 
ing the  curve  of  squares,  determining  the  average 
height  w^ith  a  planimeter  and  extracting  the  square 
root.  Such  a  method  is  laborious  and  time  can  be 
saved  by  plotting  the  curve  in  polar  form  and  measur- 
ing the  area  of  the  curve  which  is,  of  course,  propor- 
tional to  the  mean  square  ordinate.  The  root-mean- 
square  values  can  be  obtained  directly  from  the  cir- 
cular oscillogram  with  the  aid  of  a  planimeter,  for  if 
the  net  area  of  the  curve  be  assumed  to  be  the  differ- 
ence between  the  area  enclosed  by  the  curve  and  that 
of  the  zero  circle,  then, — 

The  root  mean  square  value  of  a  circular  curz'c 
■is  the  square  root  of  the  ratio  of  the  net  area  of  the 
cur^'c  to  - 

Thus  the  effectix  e  voltage  is, — 

H-K^Jt-^W"^ ^'^ 

Where,    E    =The  square  root  of  the  mean  square  voltage 
A    ^.Area  of  the  circular  curve 
Ao  ^Area  of  the  zero  circle 
A„  =A — Ao  the  net  area  of  the  curve 
-    =3.1416 
K„  =the  scale  constant. 

When  the  areas  are  in  square  inches  the  scale 
constant  A\.  is  expressed  in  volts  per  inch.  If  a  true 
polar  curve  is  measured  there  is  no  zero  circle  and 
Ao  becomes  zero. 

To  prove  the  above  formula  let : — 

0     =:tinie  angle  in  radian  measure 
e     =f(®)=the  instantaneous  value  of  voltage 
Co    =the  radius  of  zero  circle  in  inches 
Rj  =Distance  in  inches  of  curve  from  center  at  any 
position  ® 

Ko  ^calibration  constant  in  volts  per  inch 

Then  :— R„=:^  +  e„ 

Assuming  all  integrals  complete  and  between  the 
limits  of  zero  and  2  -  the  areas  will  be, — 


^=/(i"-°>® 


A„=J      2 

Substituting  these  values  of  area  in  the  right  hand 
member  of  equation   (i)  we  get: — 


27: 


'do 


or  cxpianding  and  cancelling,- 


^      2-7: 

The  last  term  is  equal  to  zero  between  the  limits 
and  2-      so    that    the    formula    reduces    to    E  = 


J.» 


e'^dW 


which  is  the  stjuare  root  of  the  mean  square 


\alue. 

The  effective  value  can  also  be  obtained  readily 
from  the  analysis  or  Fourier  series  of  the  circular 
curve. 

The  root-mean-square  value  of  a  distorted  wave 
is  equal  to  the  square  root  of  the  sum  of  the  square  of 
the  root-mean-square  values  of  its  harmonic  compo- 
nents of  different  frequency. 

The  root-mean-square  value  of  a  Eourier  series 
is  equal  to  the  square  root  of  half  of  the  sum  of  the 
S(iuarcs  of  the  coefficients  of  the  several  sine  and  co- 
sine terms. 


R.M.S 


=J 


_     [Ai'+Ag'+Aa'+.—Ag+Bo'-Bi'-HBa'-i-Bs' 
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POWER   OK   WATTS 

The  power  in  a  circuit  cannot  always  be  meas- 
ured with  a  wattmeter  but  the  voltage  and  current 
waves  can  be  recorded  accurately,  by  the  oscillograph, 
in  their  ])roper  phase  relation  and  the  mean  power 
worked  out  from  the  record.  -A.s  an  example  there 
is  not  time  to  balance  or  read  a  wattmeter  during  a 
short  operation  such  as  making  an  electric  weld  or  a 
heavy  current  test.  Also  in  testing  resonant  circuits 
the  ordinary  meters  cannot  be  used  because  they  are 
inductive  and  may  disturb  the  conditions  of  the  circuit. 
In  such  cases  the  oscillograph,  which  is  quick  and 
practically  non-inductive,  will  record  the  current  and 
voltage  waves  faithfully,  and  the  record  will  tell  the 
whole  story.  The  true  watts  or  mean  product  of  two 
alternating  waves  can  be  figured  from  the  oscillogram 
which  has  the  curves  recorded  in  their  proper  phase 
relation. 

Fig.  7  shows  in  full  lines  a  current  and  voltage 
wave  each  referred  to  a  separate  zero  circle.  Let  e 
and  i  (both  functions  of  W  ")  be  the  instantaneous 
\alues  of  voltage  and  current  respectively,  and  AT,,  and 
A'l.  the  scale  constants  in  volts  per  inch  and  amperes 
per  inch.  The  variations  of  the  waves  are  measured 
from  the  zero  circles  whose  radii  are  £•„  and  ;„  inches. 
Let  R.,  and  Ri  be  the  distances  (in  inches)  of  the 
cur\  es  from  the  center  of  the  circles.    Then, — 


R,=  ^H„ 
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The  first  operation  in  tlie  calculation  is  to  con- 
struct the  dotted  pcjlar  curve  and  small  circle  at  the 
center.  The  former  is  laid  off  with  dividers  and  at 
each  angular  position  0  the  radius  r\  is  equal  to  the 
radial  distance  between  the  voltage  and  current  waves. 
Thus  ri^Ri. — Ri.  The  small  dotted  circle  at  the  cen- 
ter has  a  radius  equal  to  its  radial  distance  between 
the  two  zero  circles,  thus,  r2=eo — io- 

Let  the  net  area  of  the  voltage  wave  A^  be  the  dif- 
ference between  the  area  enclosed  by  the  voltage  wave 
and  the  area  of  the  voltage  zero  circle.  This  net  area 
can  be  measured  accurately  with  a  planimeter.  Sim- 
ilarly let  ^ii  be  the  net  area  of  the  current  wave.  Let 
A,^  be  the  area  of  the  dotted  difference  curve  and  /iy 
the  area  of  the  dotted  circle.  The  several  areas  when 
measured  in  square  inches  can  be  used  to  calculate 
power  for: — 

True  povjer  in  7catts  is  equal  to  the  product  of 
the  scale  constants  of  the  voltage  and  current  waz'es 
divided  by  --  and  multiplied  into  a  quantity  consist- 
ing of  the  net  area  of  the  current  wave  plus  the  net 


-DIAGRAM    SHOWING    CURREXT    AND    VOLTAGE   CURVES   PLOT- 
TED TO  DIFFERENT  BASE  CIRCLES 


area  of  the  voltage  wave,  minus  the  area  of  the  (dot- 
ted) polar  curz'e  (ichose  radius  vector  is  equal  to  the 
distance  between  the  current  and  voltage  curves),  plus 
the  area  of  a  circle  zvhose  radius  vector  is  equal  to 
the  difference  between  the  radii  of  the  tzvo  zero  circles. 

W=-^^  [A,+A,-A,+A,] 

Proof: — (In  the  proof  of  the  power  formula  it  is  to  he 
understood  that  all  integral  terms  are  complete  and  between 
the  limits  of  zero  and  2r) 

/Rfd®      rij'  d© 
2     -J       2 
_  rRzd®      re^-dQ 

Combining  these  areas  as  in  tlic  formula  and  cancelling  terms 
the  formula  reduces  to : — 


Expanding   the   last  term   In  the   bracket  and   cancelling   fur- 
ther :— 

^^K^T  |'R.R4e-j'e,i,del 

Substituting  R„=  I e„-„    1  ami  R,=l  i,  +  „  I.    expanding     and 

U'ei„d0      /'e„id0     /'eidi:)1 
K, ./__K|      J  K,Iv|J 

The  first  two  terms  in  the  bracket  are  zero  when  in- 
tegrated for  a  complete  cycle  so  the  formula  reduces  to: — 

W=2;.Jeid0 

which  is  the  familiar  expression  for  the  average  power  for 
a  complete  cycle. 

The  Fourier  series  of  the  current  and  voltage  can 
be  used  verv-  easily  to  figure  power  for : — 

Power  in  watts  is  equal  to  half  of  the  sum  of  the 
products  of  the  corresponding  coefficients  of  the  terms 
of  the  Fourier  series  of  the  current  and  voltage  zcaz'es. 
This  expression  is  old  and  need  not  be  proved. 

POWER-FACTOR 

From  the  foregoing,  the  power-factor  which  is 
the  ratio  between  the  true  power  in  watts  and  the 
product  of  the  root  mean  square  values  of  the  volts 
and  amperes  can  be  written: — 

K,Ki(A,+A| — ^A,-^A,) 
Power  Kactor=^ 2^7 

(K.,/V7)(Ki,'Ar-) 
The  symbols  are  the  same  as  used  above.  This 
formula  requires  no  proof  as  the  terms  of  both  nu- 
merator and  denominator  have  already  been  proved. 
This  expression  shows  by  cancellation  that  the  power- 
factor  is  independent  of  the  scale  constants  A.',  and 
A'i  and  the  formula  reduces  to  the  more  simple 
form : — 

A,+A,— A.-^A, 
2^  A^i 


Power  Factor= 


.^-■-■[-r'?-fv*f--^'--r^'t] 


2- 


The  power-factor  can  also  be  obtained  quite  easily 
by  dividing  the  harmonic  expression  for  power  by  the 
product  of  the  harmonic  expressions  of  the  effective 
voltage  and  current  given  above. 

WAVE  SHAPE  DISTORTION 

The  present  specification  of  wave  shape  as  given 
by  the  American  Institute  of  Electrical  Engineers 
states  that  the  maximum  deviation  of  the  wave 
shall  not  be  more  than  ten  percent  of  the  max- 
imum ordinate  of  the  equivalent  sine  wave. 
To  check  a  wave  under  this  specification  from  the  rec- 
tangular curve  it  is  necessarv'  to  find  the  equivalent 
sine  wave  (or  sine  wave  with  the  same  effective 
value V  Place  this  wave  in  such  phase  position  with 
the  wave  tested  that  the  maximum  deviation  will  be 
a  minimum,  then  measure  this  minimum  maximum 
deviation  and  calculate  the  percentage  of  the  maxi- 
mum ordinate  of  the  equivalent  sine  wave.  This  pro- 
cess of  calculation  is  verj^  laborious  and  inaccurate, 
but  if  the  wave  is  recorded  as  a  polar  curve  directly  by 
the  oscillograph  or  changed  to  a  polar  curve  from  a 
rectangular  or  circular  oscillogram,  the  deviation  can 
be  figured  out  as   follows : — 
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First  measure  the  area  of  the  polar  urve  with  a 
planimeter  and  represent  the  equivalent  sine  wave  by  a 
circle  which  has  an  equal  area.  This  circle  drawn  on 
a  piece  of  thin  or  transparent  paper,  should  then  be 
placed  over  the  polar  curve  of  the  wave  in  question 
and  a  needle  should  be  driven  through  a  point  on  the 
circumference  of  the  circle  placed  over  the  pole  of 
the  other  curve.  The  small  piece  of  paper  is  then  to 
be  moved  around  the  needle  as  a  pivot  until  the  mini- 
mum maximum  deviation  between  the  two  curves 
measured  on  a  radius  vector  is  obtained.  This  differ- 
ence expressed  in  percent  of  the  diameter  of  the  cir- 
cle is  the  final  result. 

The  harmonic  expression  cannot  be  used  con- 
veniently to  check  wave  shapes  in  accordance  with  the 
present  specifications. 

SUMMARY 

Practically  ail  electrical  waves  in  alternating-cur- 
rent circuits  have  an  average  value  of  zero  for  a  com- 
plete cycle,  that  is.  they  are  sine  waves  or  distorted 
waves    containing   harmonic    components    of    various 


FIG.  8 — CIRCULAR  OSCILLOGRAM  OF  THE  VOLTAGE  ACROSS  A  COX- 
DEXSER  AXD  THE  CURREXT  THROUGH  IT,  TOGETHER  WITH  THE 
DIFFEREXTIAL   OF   THE  VOLTAGE   WAVE 

A — Voltage    zero    circle.      B — Current   zero    circle.      C — 
Voltage  impressed  on  condenses.     D — Condenser  current. 

frequencies  but  containing  no  constant  term  or  direct- 
current  component.  For  such  waves  all  of  the  above 
methods  of  calculation  are  mathematically  correct. 
Pulsating  waves,  the  waves  in  either  the  direct  or 
alternating-current  side  of  a  rectifier,  the  waves  in  un- 
symmetrical  high  voltage  circuits  in  which  corona  is 
present  and  in  such  circuits  as  the  shunt  field  of  a 
generator  are  periodic  waves,  but  the  average  value 
through  a  cycle  is  not  zero  and  the  short-cut  methods 
of  calculating  effective  values,  power  and  power-fac- 
tor from  circular  curves  cannot  be  used  without  trou- 
blesome corrections.  This  is  true  because  in  all  cases 
the  terms  of  the  form  R  Jf (0)d0  have  been  considered 
zero  while  if  f  0  contains  a"~constant  term  or  direct- 
current  component  this  would  not  be  so. 

The  solutions  with  the  coefficients  of  the  terms 
of  the  harmonic  analysis  are,  however,  correct  in  all 
cases    because    the    harmonic    expression    or    Fourier 


series  of  a  wave  will  include  the  constant  term  Bo. 
For  this  reason  solutions  of  all  problems  with  distorted 
periodic  waves  should  be  worked  out  by  the  harmonic 
method  if  there  is  any  possibility  of  direct-current 
components  being  present,  provided  the  work  can  con- 
veniently be  done  with  a  mechanical  analyzer  and 
without  troublesome  preparation  before  analysis. 

Other  constants  and  ratios  can  easily  be  obtained 
from  the  harmonic  expression,  such  as  the  form-factor 
of  a  wave,  which  is  the  ratio  of  the  root  mean  square 
value  to  the  average  value  (disregarding  sign). 

In  a  technical  paper  before  the  American  Institute 
of  Electrical  Engineers*  a  new  and  better  potential 
wave  shape  standard  has  been  recommended  which 
states  that  when  the  potential  wave  is  impressed  upon 
a  condenser  the  ratio  of  the  apparent  reactance  to  the 
true  reactance  on  the  equivalent  sine  wave  of  the  same 
fundamental  frequency  shall  not  exceed  a  certain  fig- 
ure. This  distortion  ratio,  as  it  is  called,  is  really  the 
ratio  bctzueen  the  root  mean  square  value  of  the  first 
differential  of  the  wave  and  the  root  mean  square 
value  of  the  wave.  Such  a  ratio  can  more  accurately 
and  as  easily  be  found  with  the  oscillograph  and  sub- 
sequent harmonic  analysis. 

It  is  evident  that  the  ratio  between  the  effective 
values  of  this  first  differential  and  the  original  func- 
tion is : — 

Distortion  Factor 


V 
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If  the  distortion  ratio  is  defined  mathematically 
as  above  its  use  can  be  extended  to  compare  current 
waves  as  well.  The  distortion  factor  of  a  current 
wa\e  can  be  taken  by  impressing  the  wave  on  an  in- 
ductance and  taking  the  ratio  between  the  apparent 
reactance  and  the  true  reactance  at  the  same  funda- 
mental frequency.  The  calculations  from  oscillograms 
by  harmonic  analysis  are  the  same  for  both  current 
and  voltage  waves.  The  method  is  as  simple  and  ac- 
curate as  tlie  experimental  methods  and  has  the  ad- 
vantage of  showing  what  the  distortions  and  causes 
of  high  distortion  factor  are. 

A  compromise  between  the  oscillographic  and  ex- 
perimental tests  can  be  made.  Fig.  8  shows  the  volt- 
age across  and  the  current  through  a  condenser.  If 
the  voltage  wave  had  been  a  sine  wave  the  current 
would  have  been  a  sine  wave, — 
I=2-fCE 

and  as  the  ratio  of  the  apparent  reactance  to  the  true 
reactance  of  a  condenser  is  the  same  as  the  ratio  of  the 
current  through  the  condenser  on  the  distorted  voltage 
wave  to  that  which  would  flow  on  a  sine  wave  it  is  evi- 
dent that : — 
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Distortion  factor  =  o_f  r  k 

Where  /=:thc  effective  \alue  of  the  condenser  current. 
£  =:  the  effective  value  of  the  voltage  wave. 
F  =:  the  fundamental  frequency. 
C  =  tlic  capacity  of  the  condenser  in  farads. 

If  ilie  di.stortion  factor  of  a  current  wave  is  de- 
sired a  circular  oscillogram  of  the  current  and  the 
voltage  across  an  inductance  should  be  taken  and  it 
can  easily  be  shown  that, — 

E 

Distortion  factor  =:  s-TTt 

W'licre  E  =:  the  effective  voltage  across  the  inductance. 
/  =:  the  effective  current  flowing. 
L  =  the  inductance  in  hcnrys. 

These  compromise  methods  have  the  advantage 
of  showing  the  wave  tested  and  also  the  dift'crenlial 
wave  which  exaggerates  any  distorting  harmonics. 

CONCLUSIONS 

This  discussion  has  been  limited  to  the  direct  ap- 
plication of  the  circular  oscillogram  in  harmonic  analy- 
sis and  in  calculating  directly  a  few  of  the  common 
electrical  functions  and  ratios.  The  use  for  harmonic 
analysis  ettective  values,  power  and  power- factor  are, 
of  course,  the  most  important.  The  short-cut  methods 
of  calculating  power  and  power- factor  are  not  accu- 
rate when  the  power-factor  is  very  low,  but  in  all 
cases  when  these  quantities  must  be  measured  with  the 
oscillograph  the  new  methods  with  the  circular  pic- 
tures are  more  accurate  and  much  c^uicker  than  with 
the  old  rectangular  oscillograms. 

Throughout   the  discussion  it  has  been  assumed 


that  the  cycle  or  nominal   frequency  of  the    l   .:, 

the  fundamental,  but  it  is  well  before  closing  to  call 
attention  to  the  many  cases  in  which  an  unsymmeirical 
machine,  for  instance  a  machine  in  which  the  number 
of  armature  slots  is  not  a  multiple  of  the  pairs  of  poles 
will  have  a  different  cycle  for  each  pair  of  poles.  If 
such  dissymetry  is  present,  the  true  fundamental  is  the 
revolution  of  the  machine  and  in  order  that  the  pho- 
tographic iiTipression  of  the  successive  revolutions  of 
the  circular  film  be  coincident  and  the  correct  har- 
monic analysis  obtained  it  is  necessarj'  to  run  the  film 
at  the  same  speed  as  the  machine  and  show  as  many 
alternations  in  the  wave  as  there  are  poles  on  the  ma- 
chine. It  is,  therefore,  evident  that  the  nominal  fre- 
quency of  the  machine  is  an  upper  harmonic,  and  if 
there  is  an  even  number  of  pairs  of  poles  the  nominal 
frequency  will  be  an  even  harmonic.  Serious  errors 
are  sometimes  made  by  analyzing  the  single  cycle  of 
an  electrical  wave  derived  from  an  unsymmetrical 
multipolar  machine.  Such  an  analysis  will  often  miss 
a  very  pronounced  ripple  which  is  a  harmonic  com- 
ponent of  the  full  revolution  and  give  other  compo- 
nents which  are  not  present  at  all.  Circular  oscillo- 
grams with  but  a  single  cycle  per  revolution  will  indi- 
cate dissymetry  at  once  as  the  successive  cycles  of  the 
machine  will  not  coincide  at  certain  places.  They  will 
thus  indicate  when  the  analysis  and  calculations  must 
be  ligured  with  the  revolution  as  the  fundamental, 
and  another  picture  taken  at  machine  speed  will  give 
a  record  from  which  the  true  analysis  can  be  made. 


Synchronous  Booster  Rotary  Converters'^ 


J.  L.  McK. 

THE  ADDITION  of  the  synchronous  alternating- 
current  booster  to  the  simple  rotary  converter 
has  introduced  new  elements  in  the  design 
and  inodified  old  ones  in  a  manner  that  is  not  gen- 
erally understood.  The  purpose  of  the  booster  is  to 
make  it  possible  to  obtain  a  variable  continuous  volt- 
age from  the  converter.  Commercially,  this  method 
is  a  direct  parallel  to  the  induction  regulator  inethod 
and  the  split  pole  converter  method  of  obtaining  a 
variable  continuous  voltage,  all  of  which  are  used  to 
give  a  voltage  range  usually  of  15  percent  below  and 
above  normal.  The  method  employing  field  control 
on  a  simple  rotary  converter  with  external  reactance 
is  not  applicable  for  a  range  of  more  than  five  percent 
below  and  above  normal  on  account  of  the  large 
amount  of  wattless  current  in  the  converter  armature, 
producing  heating  and  bad  commutation,  and  also  the 
large  amount  of  external  reactance  involved.  For 
example,  with  20  percent  reactance  in  the  leads  to  a 
simple  converter  carrying  full-load  current  at  normal 
voltage  and  unity  power-factor,  then,  to  operate  at 
full-load  current   105  percent  voltage,  the  field  must 


Yardley 

be  increased  so  as  to  introduce  a  leading  wattless 
component  of  25  percent,  or  0.25  X  20  percent  =  5 
percent,    the    desired    rise    in    voltage.    The  power- 


factor    will    be 


100 


;~  97   percent   leading. 


l/(100)«  +  (25)' 
The  PR  loss  in  the  tap  coils  of  the  converter  will  be 
increased  50  percent  over  the  loss  at  the  icxa  percent 
voltage,  current  and  power-factor  conditions.* 

The  most  satisfactory'  type  of  booster  rotary  con- 
verter so  far  developed  has  revolving  armatures  and 
stationary  fields  for  both  the  converter  and  the 
booster.  The  booster  armature  is  mounted  on  the 
shaft  between  the  collector  rings  and  the  converter 
armature,  and  the  booster  and  converter  frame  are 
mounted  side  by  side  on  a  common  bed  plate.  In 
this  construction  the  windings  on  the  booster  arma- 
ture are  connected  to  the  collector  rings  on  the  one 
side  and  to  the  converter  armature  taps  on  tlie  other. 
On  the  converter  a  closed  circuit  winding  of  lap- 
wound  diamond-shaped  coils  is  employed.  On  the 
booster  the  armature  winding  is  also  made  of  lap- 
wound  diamond-shaped  coils.    This  winding  is,  how- 


*Revi?ed  from  a  lecture  by  the  author  at  The  Westing- 
house  Club,  Mar.  5,  1914. 


*See  curves  in  article  by  the  author  in  the  Jourx.\l  for 
Sept..  1913- 
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ever,  not  closefi  on  itself,  hut  is  separated  into  as 
many  groups  of  coils  as  tliere  are  taps  on  the  con- 
verter armature  winding,  these  groups  of  coils  being 
connected  to  the  taps  of  the  converter  armature  wind- 
ing and  to  the  collector  rings  in  the  sequence  of  rota- 
tion. 

THE    KKQUIREMENTS    OF   THREE-WIRE   OPERATION 

It  is  not  always  necessary  to  have  as  many  groups 
of  coils  on  the  booster  armature  as  there  are  taps  on 
the  converter  armature.  For  two-wire  operation,  two- 
phase  and  six-phase  booster  converters  could  readily 
be  made  with  the  booster  having  only  half  as  many 
windings  as  the  converter  has  taps,  if  the  design 
worked  out  well  in  other  respects,  and,  theoretically 
speaking,  for  a  three-phase  booster  converter  a  booster 
could  be  supplied  having  two-thirds  or  one-third  as 
many  windings  as  there  are  taps  on  the  converter 
winding.  But  a  booster  rotary  converter  can  be 
operated  on  a  three-wire  system  only  where  the 
booster  has  as  many  windings  as  the  converter  has 
taps.  Assume  a  six-phase,  two-pole  booster  rotary 
con\erter  having  three  groups  of  coils  in  the  booster 


FIG.  I — DI.\GR.^MS  SHOWING  SHORT-CIRCUIT  CONDITIONS  RESULT- 
ING WHEN  .\  BOOSTER  OF  THREE  GROUPS  OF  COILS  IS  CON- 
NECTED TO  .\  CONVERTER  WITH  SIX  .\RMATURE  TAPS  FOR 
THREE-WIRE    SERVICE 

armature  winding  and  six  taps  on  the  con\erter  arma- 
ture winding.  If.  in  Fig.  i,  the  circle  ABC  A,  B,  C, 
represents  the  alternating  voltage  at  the  collector 
ring>  to  which  the  transformers  AA,.  BB,  and  CCi 
are  connected  with  their  middle  points  connected  to 
form  a  neutral  at  N.  and  if  the  booster  field  is  ex- 
cited, it  is  plain  that  the  voltage  generated  by  the 
three-phase  booster  armature  windings  B,B:.  A,A,  and 
CiCs  does  nothing  except  force  short-circuit  currents 
through  the  transformer,  booster  and  converter 
windings.  The  equivalent  short-circuit  is  shown  at 
the  right  in  Fig.  i.  \\"\lh  windings  connected  at  -V, 
the  circle  A.,,  B„,  C,  remains  coincident  with  A,  B,  C. 
A„  B,.  C,.  ' 

REVOLVING   FIELD   BOOSTER    ROTARY    COXVERTER.S 

It  is  probable  the  suitability  of  booster  rotary 
converters  for  three  -  wire  operation  was  first 
brought  into  question  when  one  of  the  manu- 
facturers endeavored  to  use  a  standard  three-phase 
open  star  type  of  winding  on  a  booster  in  connection 
with  a  six-phase  converter.  It  made  an  excellent 
selling  argument  for  reliability  of  operation  to  say 
that   the   field    of   variable   voltage   service   would   be 


covered  by  a  simple  combination  of  two  fully  de- 
\eloped  and  standardized  pieces  of  apparatus.  The 
bed  plate  or  the  collector  end  pillow  block  of  the  sim- 
ple converter  was  to  be  extended  to  carry  the  sta- 
tionary frame  and  armature  windings  of  the  booster 
and  the  shaft  of  the  simple  converter  was  to  be  ex- 
tended to  carry  the  rotating  field  of  the  booster.  In 
this  connection  it  is  desired  to  direct  attention  to  some 
of  the  difficulties  which  must  have  been  experienced 
in  thus  applying  to  variable  voltage  service  apparatus 
already  developed  for  constant  voltage  service.  It 
will  be  seen  that  these  difficulties  extended  practically 
to  all  parts  of  the  machine. 

The  largest  synchronous  booster  convener  thus 
far  built  is  provided  with  a  booster  of  only  550  k.v.a. 
capacitv  a])proximately  at  normal  full  load.  The 
speed  and  number  of  poles  of  the  booster  is  deter- 
mined by  the  speed  and  number  of  poles  of  the  con- 
verter. The  speed  and  number  of  poles  of  standard 
generators  are  determined  purely  on  a  cost  basis  and 
are  made  such  as  to  give  for  the  least  cost  the  best 
rating  which  may  be  obtained  from  them  in  accord- 
ance with  A.  I.  E.  E.  and  manufacturers'  rules  gov- 
erning rating.  Xow  it  invariably  happens  that  the 
best  speed  and  number  of  poles  from  the  point  of 
view  of  economy  for  an  alternating-current  generator 
of  this  size  are  different  from  those  values  dictated 
for  the  booster  on  account  of  its  being  direct-con- 
nected to  the  converter.  The  demands  of  this  com- 
bination with  the  converter  require,  therefore,  that  the 
generator  be  built  at  a  much  lower  speed  and  with  a 
greater  number  of  poles  than  the  standard  generator 
of  the  same  rating.  Owing  to  the  great  number  of 
poles  employed,  a  narrow  machine  of  comparatively 
large  diameter  resulted.  The  type  of  armature  wind- 
ing was  divided  into  a  number  of  parallel  low  voltage 
circuits — one  per  collector  ring  per  pair  of  poles. 
These  circuits  were  connected  at  one  end  to  the  low- 
tension  transformer  leads  and  at  the  other  end  to  the 
collector  rings  in  proper  sequence.  In  designing  this 
winding  it  was  further  necessary  to  consider  that 
when  the  booster  is  operating,  the  P'R  loss  is  propor- 
tional to  (lOO-f-X)-  where  X  is  the  percent  boost. 
For  example,  with  a  15  percent  buck  and  boost  syn- 
chronous booster  rotarv  converter,  the  conditions  are 
as  follows : — 


Direct-C 
Output  in 

Lirrent. 
rercent 

Percent  Booster  Arm 
I^R  Loss 

Current 

Voltage 

100 
100 
100 

85 
100 
11.5 

72 
100 
132.5 

Further,  owing  to  the  necessity  for  a  definite  me- 
chanical relation  between  the  stationary  armature 
windings  of  the  booster  and  the  field  structure  of  the 
converter,  and  the  difficulty  in  obtaining  this  relation 
after  calculation,   in  order  that  the  proper  electrical 
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relations  should  exist  between  the  electromotive 
forces  of  the  booster  and  converter,  it  was  soon  found 
impossible  to  use  a  stationary  frame  of  standard  con- 
struction. The  frame  was  accordingly  constructed  so 
that  it  could  be  rotated  and  the  armature  winding  of 
the  booster  thereby  placed  in  the  position  of  maximum 
tlificiency  as  determined  by  its  effect  upon  the  con- 
tinuous voltage.  This  is  the  type  of  shifting  ordinari- 
ly employed  on  one  machine  of  a  frequency  changer 
set. 

In  the  converter  proper,  modifications  were 
necessary : — 

I — To  prevent  magnetic  saturation  at  the  highest  voltage. 

2 — To  insure  sufficient  main  field  strength  for  maintaining 
unity  power-factor  at  all  loads  and  voltages. 

3 — To  provide  ample  section  of  armature  conductor  to 
take  care  of  the  increased  I"R  loss  when  the  booster  is  op- 
erating,   witliout    excessive    lieating. 

4 — To  maintain  satisfactory  commutation  under  loading 
conditions  in  which  the  armature  reaction  which  must  be 
compensated  for  does  not  vary  proportionally  to  the  direct- 
current  output. 

It  is  therefore  obvious  that  such  far-reaching 
modifications  w'ere  required  in  the  construction  of 
the  simple  alternating-current  generator  and  of  the 
simple  rotary  converter,  when  combined,  in  order  to 
insure  a  satisfactory  synchronous  booster  converter 
unit,  that  it  became  rather  far  fetched  to  call  the  com- 
bination an  application  of  old  standards.  It  may  be 
questioned  whether  it  would  not  in  tact  have  shown 
greater  foresight  to  have  forgotten  or  ignored  the  re- 
lationship to  older  apparatus  except  in  fundamental 
principles,  and  to  have  standardized  as  quickly  as  pos- 


FIG.    2 — 0.\E   OF   THF,   FAkl.V    lluuSTliK    ROT.\RV    COXVFJiTF.RS 

.•X.  500  k\v.  25o  volt,  25  cycle,  three-phase,  ten  percent 
buck  and  boost  machine  built  for  the  Carnegie  Steel  Com- 
pany in  igo5-7.  Note  old  bar  and  end-connected  type  of 
booster  armature   winding. 

sible  the  booster  rotary  converter  as  an  independent 
piece  of  electrical  apparatus. 

RliVOLVIXr.     .■\RM.\TrRE     BOOSTF.R     ROT.\RV     CONVERTERS 

The  remaining  discussion  will  apply  particularly 
to  the  type  of  booster  rotary  converter  first  referred 
to.  which  is  the  one  now  most  generally  built :  that  is. 
the  one  in  which  both  booster  and  converter  have  re- 
volving armatures.     Tt  has  been  mentioned  that  it  is 


important  that  the  field  and  armature  windings  of  the 
booster  be  placed  in  proper  mechanical  relation  to  the 
windings  of  the  converter,  in  order  that  the  voltage 
generated  by  the  booster  shall  be  in  phase  with  the 
voltage  applied  to  the  collector  rings,  so  that  for  a 
given  booster  field  excitation  the  vector  sum  of  these 
two  voltages  shall  be  either  a  maximum  or  a  mini- 
mum. de])ending  upon  llic  dirfii^  ti  ■>(  •'' '  itation. 


FIG.    3— TVPE    OF    CONVERTER    USED    IK    E.\RLY    BOOSTER    COX\T-RTER 
COXSTRfCTIOX 

Showing  method  of  combining  cross-connection  and 
commutator  necks  on   the  converter  proper. 

The  practice  for  a  long  time  was  to  assemble  the  two 
armatures  on  the  common  shaft  without  special  re- 
gard to  the  relative  mechanical  positions  of  their  wind- 
ings :  then,  the  proper  relation  between  the  electro- 
inotive  forces  generated  was  obtained  by  arranging 
the  field  frame  of  the  booster  so  that  it  could  be  ro- 
tated, as  shown  in  Fig.  4.  The  field  frame  of  the 
booster  is  here  show^n  carried  from  the  frame  of  the 
converter.  It  was  planned  that  when  the  unit  should 
be  tested  the  booster  frame  would  be  shifted  by  means 
of  the  slotted  hole  provided  for  the  holding  on  bolts, 
to  the  position  in  which  the  voltage  generated  in  the 
booster  winding  had  the  greatest  effect  upon  the  con- 
tinuous terminal  voltage  of  the  converter. 

It  was  later  found,  as  a  refinement  in  the  art.  that 
the  rotating  armature  windings  of  the  booster  and  con- 
verter could  be  accurately  laid  out  and  assembled  in 
the  unit  so  as  to  secure  the  desired  voltage  relations 
and  that  the  field  frame  shifting  feature  could  be  elimi- 
nated. This  dexelopmcnt  has  reduced  expense  and 
made  a  neater  appearance  and  has  been  found  espe- 
cially desirable  in  the  case  of  large  synchronous  booster 
converters,  such  as  that  shown  in  Fig.  5.  where  the 
frames  are  separate  and  the  difficulties  in  the  way  of 
securing  rigidity  when  using  an  adjustable  frame  are 
very  considerable. 

Fig.  6  shows  the  winding  and  connections  devel- 
opment of  a  two-phase.  14  pole  booster  converter  hav- 
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ing  112  slots  in  the  booster  and  i68  slots  in  the  con- 
verter armature.  The  windings  are  laid  out  so  that, 
with  the  field  poles  in  line  when  looking  at  the  end  of 
the  unit  and  the  armatures  keyed  on  the  shaft  so  as 
to  give  the  relation  shown  in  Fig.  6,  the  instantaneous 
voltage  generated  in  the  hooster  windings  between  the 


FIG.    4 — EARLY    CONSTRUCTION    IN    BOOSTER   CONVERTERS 

Showing  metliod  of  adjusting  the  booster  frame  circum- 
ferentially  to  obtain  the  proper  electromotive  force  relations 
Ijetwecn   the   booster   and   converter   proper, 

ring  /i,  and  its  taps  to  the  converter  winding  and  the 
ring  A.,  and  its  taps  to  the  converter  winding  reach 
a  maximum  at  the  same  time  that  the  counter  electro- 
motive force  generated  in  the  converter  winding  be- 
tween the  same  taps  reaches  its  maximum.  It  is  cus- 
tomary to  make  the  field  poles  on  the  booster  and  the 
converter  line  up  when  looking  at  the  end  of  the  unit; 
and,  uniform  material  and  good  workmanship  being 
assumed  in  the  construction,  exact  results  are  obtained 
from  this  method  of  construction. 

EFFECT    UPON    THE   DESIGN    OF   THE    CONVERTER    PROPER 

The  influence  of  the  combination  with  the  syn- 
chronous booster  upon  the  design  of  the  converte. 
proper  has  been  briefly  outlined,  but  it  is  perhaps  ad- 
visable to  explain  this  influence  more  in  detail.  It  has 
been  stated  that  in  the  converter  itself  modifications 
in  design  are  necessary  : — 

l_To  prevent  magnetic  saturation  at  the  highest  voltage. 
2 — To  insure  sufficient  main  field  strength  for  maintaining 
unity  power-factor  at  all  loads  and  voltages. 

3 — To  provide  ample  section  of  armature  conductor  to 
take' care  of  the  increased  TR  loss  without  excessive  heating 
when  the  booster  is  operating. 

4_To  maintain  satisfactory  commutation  under  loadmg 
conditions  in  which  the  armature  reaction  which  must  be  com- 
pensated for  does  not  vary  proportionally  to  the  direct-current 
output. 

The  first  recjuirement  has  been  taken  care  of 
simply  by  the  addition  of  more  steel  in  all  parts  of  the 
magnetic  circuit,  making  a  heavier  and  more  costly 
machine. 

The  second  requirement  has  usually  been  taken 
care  of  by  the  addition  of  a  large  amount  of  copper 
to  the  main  shunt  field.  There  is  a  great  variation  in 
the  main  field  strength  required  to  maintain  lOO  per- 
cent power-factor  over  the  entire  range  of  load  condi- 
tions, from  the  no-load  minimum  voltage  condition  to 
the  full-load  maximum  voltage  condition.  The  changes 
in  field  strength  required  are  due  to: — 


a — Differences  in  saturation  with  change  in  voltage. 

b — Differences  in  the  reactive  effect  of  the  load  current. 

The  diff'erence  between  the  extreme  conditions 
amounts  to  more  than  icx)  percent  in  some  cases.  Fig. 
7  shows  the  change  in  magnetic  saturation  and  the  in- 
crease due  to  load  variation  at  a  constant  voltage  for 
the  same  converter.  Item  a  is  partially  taken  care  of 
automatically  by  the  increased  field  current  due  to 
the  greater  field  voltage.  It  can  more  exactly  be  com- 
pensated for  by  the  addition  of  an  auxiliary  field  to 
the  main  poles,  excited  proportionally  to  the  booster 
field  excitation  in  direction  and  strength.  The  bend 
in  the  saturation  curve  is  thus  approximately  compen- 
sated for.  The  effect  of  b  is  not  influenced  by  this 
auxiliary  field,  however,  and  it  can  only  be  compen- 
sated for  by  a  series  field  on  the  main  poles.  Owing 
to  the  heavy  current  to  be  carried  by  such  a  field,  the 
lack  of  room  and  other  mechanical  disadvantages  have 
so  far  precluded  its  use. 

The  third  requirement  is  taken  care  of  simply 
by  the  use  of  a  larger  armature  conductor,  resulting 
in  a  larger  and  costlier  machine.  The  effect  of  the 
booster  upon  the  armature  PR  loss  was  discussed  in 
an  article  by  the  author  in  the  February,  19 13,  issue  of 
the  Journal  and  will  not  be  reviewed  at  this  time. 

The  fourth  requirement  (to  maintain  good  com- 
mutation over  the  entire  range  of  load  and  voltage) 
is  one  which  has  caused  considerable  scheming  and 
calculation  to  satisfy.     Commutation  is  fundamentally 


y}J^^. 


FIG.    5 — LATER    CONSTRUCTION    OF    BOOSTER    FRAME 

Showing  greater  rigidity  possible  as  compared  to  con- 
struction in  Fig.  4  after  design  methods  had  made  circum- 
ferential adjustment  no  longer  necessary. 

dependent  upon  the  dimensions  of  the  machine  and 
the  amount  of  current  to  be  commutated.  It  is  cus- 
tomary from  these  quantities  to  calculate  directly  the 
flux  required  by  the  short-circuited  conductors  to 
commutate  this  current  or  to  calculate  a  voltage-"re- 
actance  voltage,"  "short-circuit  voltage,"  "inherent 
voltage  under  the  brush,"  or  whatever  the  individual 
engineer  chooses  to  call  it, — which  would  exist  under 
the  brush  and  produce  sparking  and  burning  were  this 
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voltage  not  killed  by  means  of  an  active  flux.  In  llie 
non-commutating  pole  machine  this  commutating  flux 
was  obtained  by  shifting  the  brushes  until  they  short- 
circuited  conductors  located  in  the  necessary  reversing 
field.  In  the  commutating  pole  machine  this  flux  is 
injected  into  the  armature  by  the  magneto-motive  force 
of  the  ampere  turns  on  the  commutating  pole.  There 
is,  therefore,  no  great  inherent  difference  between  the 
commutating  requirements  of  an  armature  when  in  a 
non-commutating  pole  or  in  a  commutating  pole  ma- 
chine. It  is  only  much  easier  in  the  latter  than  in  the 
former  to  obtain  the  desired  shape  of  reversing  field 
under  the  varying  conditions  of  load. 

The  detrimental  effect  of  introducing  commu- 
tating poles  was  overestimated.  The  great  bene- 
fits have  come  about  through  the  partial  com- 
pensation for  armature  reaction,  the  greater  magnetic 
reluctance  in  the  path  of  flux  due  to  armature  reac- 
tion at  the  main  pole  tips  and  the  more  suitably 
shaped  field  form.     These  latter  two  points  are  due 


FIG.     6— DEVELOPMENT     OF     BOOSTER     AND     CONVERTER     ARMATURE 
WINDINGS    AND    CONNECTIONS 

Center  line  of  slot  No.  6  coincides  with  center  line  of 
slot  No.  12  of  converter.  Armatures  are  keyed  in  this  posi- 
tion. The  windings  are  so  laid  out  that  the  center  line  of 
the  group  of  coils  containing  the  tap  coil  from  the  collector 
ring  A\  and  lying  in  slots  /  and  S  of  the  booster,  lies  between 
the  converter  armature  coils  in  slots  / — 13  and  13 — 24. 

to  the  smaller  ratio  of  pole  face  to  pole  pitch,  while 
the  last  is  also  due  to  the  actual  superposition  of  the 
flux  from  the  commutating  pole.  It  is  possible  that 
the  improvement  of  the  modern  rotary  converter,  the 
60  cycle  converter  especially,  over  some  of  those  first 
built  has  been  due  to  the  smaller  ratio  of  pole  face 
to  pole  pitch  employed  more  than  to  any  other  single 
factor.  In  those  machines  this  ratio  was  made  large 
so  as  to  reduce  the  magnetic  densities  and  save  cop- 
per. The  earliest  theory  as  given  in  text  books  of  the 
day  was  to  the  effect  that  there  was  no  armature  reac- 
tion. Owing  to  the  high  efficiences  and  the  very  small 
current  per  pole  there  was  no  evidence  of  armature 
reaction  under  normal  conditions.  The  very  slightest 
shift  of  the  brushes  was  necessary.  This  was  due  to 
the  exceedingly  steep  field  form  at  the  neutral  point 
resulting  from  the  high  ratio  of  pole  face  to  pole  pitch, 
against  which  ratio  there  seemed  to  be  no  opposition 
in  theory  or  practice.  The  armature  reaction  was,  of 
course,  present  at  all  times.     It  asserted  itself,  how- 


ever, only  under  surging  or  hunting  conditions  when 
it,  together  with  the  steep  field  form,  which  permitted 
excessive  voltage  under  the  brush  with  a  very  slight 
angular  displacement  of  the  armature,  rendered  a  ma- 
chine poorly  equipped  with  dampers  very  sensitive  to 
flashover.  In  later  60  cycle  converters  the  mag- 
netic densities  were  greater  and,  in  addition  to  many 
other  improvements,  a  flatter  commutating  field  was 
provided.  The  further  addition  of  the  commutating 
pole,  as  before  mentioned  made  it  possible  to  improve 
the  shape  of  that  field  and  to  prevent  its  position  from 
being  shifted  by  the  armature  reaction  which  with 
the  increased  current  output  per  pole  of  the  later  ma- 
chines became  a  noticeable  factor  even  under  steady 
load  conditions. 

In  order  that  the  commutating  pole  should  not  be 
a  disturbing  element  under  unsteady  load  conditions, 
the  damper  winding  was  given  special  consideration 
in  the  design.  The  chief  feature  is  that  the  heavy 
end  rings  of  the  cage  winding  are  made  continuous 


FIG.    7 — CHARACTERISTIC   CUR\TS   OF  A    I  500   KIL0W.\Tr,  6o  CYCLE 
BOOSTER    ROTARV    CONVERTER 

Showing  increase  in  main  field  current  with  increase  in 
armature  amperes  without  buck  or  boost,  and  at  a  constant 
voltage  and  variation  in  magnetic  saturation  from  a  straight 
line  without  buck  or  boost. 

SO  that  in  connection  with  the  heavy  bars  at  the  sides 
of  the  main  poles,  a  low  resistance  circuit  is  estab- 
lished surrounding  the  commutating  poles.  It  will  be 
well  to  consider  briefly  some  of  the  eflFects  of  this  ar- 
rangement : — 

I — Under  steady  load  conditions  tlie  variations  of  flux 
in  the  commutating  pole  due  to  variations  in  armature  counter 
magneto-motive  force  and  variations  in  the  reluctance  of  the 
commutating  pole  air  gap  are  partially  damped  out. 

2— \\ith  unsteady  load  but  steady  supply  voltage  and  fre- 
quencv,  any  change  in  direct-current  load  is  follo\yed  instan- 
taneously by  a  corresponding  change  in  the  alternating-current 
input  unless  the  rotating  clement  has  a  very  appreciable  fly- 
wheel effect. 

It  has  been  said  that  the  short-circuit  path  tends  to  pro- 
duce a  lag  in  the  commutating  flux  produced  by  the  vary'ing 
current  in  the  commutating  pole  field  winding.  There  is  no 
lag,  however,  in  the  varying  ampere-turns  to  compensate  for 
the  variations  of  armature  reaction  due  to  load  changes. 
These  are  in  a  state  of  balance. 

3— With  unsteady  load  and  varying  supply  voltage  and 
frequency,  owing  to  flywheel  effect,  a  change  in  direct-current 
load  is  not  necessarily  followed  instantaneously  by  a  corre- 
sponding change  in  the  alternating-current  input.  The  effes^^ 
of  the  short-circuit  path  will  be.  however,  to  dampen  out  the 
flux  in  either  direction  due  to  an  instantaneous  unbalance  be- 
tween armature  ampere-turns  and  commutating  pole  ampere- 
turns. 
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4 — In  addition  to  maintaining  more  uniform  conditions  at 
the  point  of  commutation  in  the  manner  described  in  /.  2 
and  ,?  above,  these  continuous  end  rings,  by  lowering  the  re- 
sistance in  the  path  of  the  damping  current  generated  in  the 
iTiain  pole  slot  bars,  greatly  improve  the  efficiency  of  the 
damper  as  a  whole  tending  to  prevent  the  initial  hunting 
which  is  the  cause  of  the  unbalance  mentioned  in  3.  This 
method  of  construction  is.  therefore,  advantageous  under  all 
conditions  of  operation. 

The  total  resultant  armature  reaction  in  a  rotary 
converter  integrated  about  the  periphery  is  the  differ- 
ence between  the  alternating-current  reaction  and  the 
direct-current  reaction  and  is  proportional  to  the  ef- 
ficiency of  the  converter.  This  is  brought  out  by  the 
following  example : — 

Assume  a  six-phase,  two-pole.  600  volt.  215  lew  rotary 
converter  with  95  percent  efficiency  and  90  commutator  bars. 
There  are  then  180  conductors  or  90  turns  on  the  armature. 

As  a  synchronous  motor,  the  magneto-motive  force  per 
pair  of  poles  equals  3/2  V2XIT  where  I  equals  the  effective 
current  per  phase  and  T  equals  the  number  of  turns  per  pair 
of  poles  per  phase.     Then  in  this  case,  the  magneto-motive 

force  equals  3/2  V2X    ^'^x  90=  16900.    As  a  direct-current 

generator,  the  magneto-motive  force  per  pair  of  poles  equals 
the  current  output  per  pair  of  poles  x  the  number  of  commu- 

90 
tator  bars  per  pole  =  358.5  x—   =  16  100.    The  resultant  mag- 
neto-motive  force  equals   16900 — 16100  =  800  ampere-turns. 
16  100  divided  by   16  900  equals  95  percent,  the  assumed   effi- 
ciency. 

The  wav  this  reaction  varies  about  the  periphery 

under  steady  load  conditions  was  explained  by  Mr.  B. 
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fk;.   8 — m.\GR.\M    of   re.\ctiox    under    coxvekter   brvsh    .\nd 

CORRESPONDING    REQUtRED    AMPERE-TURNS    ON    THE    COM- 
MUTATINC   POLE 

G.  Lamme  and  Mr.  F.  D.  Newbury  in  the  December, 
1 910,  issue  of  the  Journal.  Without  reviewing  this 
matter,  it  remains  that  the  reaction  under  the  brushes 
is  a  direct-current  reaction  and  that,  although  it  is  a 
variable  quantity,  between  the  limits  of  seven  and  20 
percent  in  the  simple  converter,  it  averages  some- 
where between  12  and  16  percent  of  the  armature  am- 
pere-turns. It  is  less  in  a  chorded  winding  than  in  a 
pitch  winding.  An  equal  magnetomotive  force  must 
he  supplied  by  the  commutating  pole  before  any  flux 
can  pass.  Adding  to  this  the  amount  of  ampere- 
turns  necessary  to  produce  an  active  commutating 
flux  the  total  on  the  commutating  pole  will  be  from 
25  to  40  percent  of  the  armature  ampere-turns.  The 
addition  of  the  synchronous  booster  requires  a  fur- 
ther investigation  of  and  correction  for  armature  re- 
action. 

Let  the  average  magnetomotive  force  of  the  sim- 
ple converter  under  the  commutating  pole  be  a  per- 
cent of  the  armature  ampere-turns,  as  shown  in  Fig. 
8.  When  the  booster  field  is  excited,  so  that  the  al- 
ternating voltage  generated  "bucks"  the  impressed 
voltage,  the  alternating-current  machine  acts  as  a 
motor  and  is  capable  of  delivering  mechanical  power. 


When  the  field  is  excited  so  that  the  alternating,  volt- 
age generated  "boosts"  the  impressed  voltage,  the 
machine  acts  as  a  generator  and  mechanical  power 
must  be  delivered  to  it.  This  alternating-current 
generator  or  motor  being  directly  connected  to  the 
simple  rotary  converter,  it  is  obvious  that  mechanical 
power  may  be  delivered  to  or  obtained  from  the  ro- 


Shunt  f 


FIG.    9 — DIAGRAM    OF    FIELD    CONNECTIO.VS 

The  position  of  tlie  rheostat  handle  determines  the 
strength  of  the  auxiliary  field  relative  to  the  amount  of 
buck  or  boost.  The  relays,  E,  F  and  G,  regulate  its  strength 
in  proportion  to  the  amount  of  load  being  actuated  selectively 
in  the  order  mentioned. 

tary  converter,  \^'hen  obtaining  power  mechanically 
from  the  rotary  converter,  the  alternating-current 
generator,  by  boosting  the  impressed  voltage,  causes 
the  direct  voltage  delivered  by  the  rotary  converter 
commutator  to  increase  by  the  saine  percentage,  owing 
to  the  approximately  constant  ratio  existing  in  the 
simple  rotary  converter  between  the  alternating  volt- 
age at  the  taps  and  the  direct  voltage  at  the  commuta- 
tor. When  delivering  power  mechanically  to  the 
rotarv  converter,  the  alternating-current  motor  lowers 
the  direct  voltage  delivered  by  the  rotary  converter  in 
a  similar  manner. 


FIG.    10 — DIAGRAM    OF    FIELD  CONNECTIONS 

With  this  scheme,  the  strength  of  ihe  auxiliary  field  is 
regulated  in  proportion  to  the  amount  of  load  by  having  the 
relays.  E,  F,  G  and  H.  cut  out  a  series  resistor  in  sections, 
being  actuated  selectively  'by  the  drop  across  the  series  field, 
in  the  order  mentioned. 

The  additional  current  which  flows  in  the  simple 
rotary  converter  armature  winding  when  the  field  of 
the  alternating-current  generator  or  motor  is  excited 
produces  an  armature  reaction  b,  Fig.  8.  under  the 
commutating  pole.  Since  this  additional  current  is 
directly  proportional  to  the  voltage  generated  by  the 
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alternating-current  generator  c^r  motor,  the  reaction 
h  is  at  full  load  the  same  in  percent  as  the  "buck"  or 
"boost."  When  the  alternating-current  machine  is 
acting  as  a  motor  and  is  lowering  the  direct  voltage, 
the  rotary  converter,  being  driven  by  the  motor,  de- 
livers some  of  its  direct  current  as  a  dir&t-current 
generator,  and  the  additional  armature  reaction  h  is 
added  to  the  simple  armature  reaction  a,  giving  a  total 
(if  d.  W'lien  the  alternating-current  machine  is  acting 
as  a  j;enerator  and  is  raising  the  direct  voltage,  the 
rotary  converter  in  addition  to  delivering  direct  cur- 
rent is  acting  as  a  synchronous  motor  and  supplying 
power  mechanically  to  the  alternating-current  ma- 
chine. The  additional  armature  reaction  is,  therefure. 
a  motor  reaction  -b  and  subtracts  from  the  simple 
armature  rcactic)n  a.  gi\ing  a  remainder  c. 

In  the  simple  rotary  converter,  the  commutalion 
is  effected,  as  is  well  known,  by  a  strap  winding  on 
the  commutating  polo  with  ampere-turns  proportional 
to  the  direct-current  output  obtained  by  connecting 
the  winding  in  scries  with  one  of  the  converter  ter- 
minals. As  mentioned,  the  armature  reaction  a  if. 
proportional  to  the  direct-current  output.  The  com- 
nnitating  pole  tlu.x  required  to  commutatc  the  current 
is  also  oljviously  proportional  to  the  current.  The 
ampere-turns  c  to  produce  this  flux,  assuming  no  leak- 
age or  saturation,  will  then  be  proportional  to  the 
current.  Hence,  the  total  ampere-turns  /  on  the 
commutating  jjole  in  percent  of  armature  ampere- 
turns  will  be  directly  proportional  to  the  direct-current 
output.  This  is  also  true  for  the  synchronous  booster 
rotary  converter  when  the  alternating-current  gen- 
erator or  motor  is  not  excited.  And  under  all  condi- 
tions of  buck  or  boost  tlie  ampere-turns  e,  required 
to  produce  a  commutating  voltage  in  the  conductors 
short-circuited  by  the  brush,  are  proportional  to  the 
current ;  but,  as  has  been  stated  above,  the  resulting 
average  armature  reaction  varies,  depending  upon 
the  "buck"  or  "boost."  For  the  different  conditions 
of  load,  therefore,  the  ampere-turns  on  the  commu- 
tating pole  should  be  as  follows : — 


Voltage  Condition 

Full  Buck 

Normal 

0 
a  '  e 

Full  Boost 

Ampere  turns    (No  load) 
required        ( Inill  load) 

0 
d  +  e      1 

0 
ce 

in  tile  f.\i  luiig  circuit  to  tin-  inic  wire  or  "aux:iiary 
commutating  pole  field  winding"  and  is  mechanically 
connected  to  the  booster  field  rheostat  so  that  any 
change  in  the  latter  produces  a  corresponding  change 


The  additional  ampere-turns  h  or  -h  are  supplied 
by  means  of  a  fme  wire  winding  usually  located 
above  the  series  winding,  which  is  of  course  designed 
with  (a  -\-  e)  ampere-turns.  Since  the  excitation  of 
this  fine  wire  winding  must  be  proportional  to  the 
additional  direct  current  or  alternating  current  flow- 
ing in  the  converter  armature  winding  when  the 
booster  is  excited,  it  is  taken  care  of  in  the  following 
manner : — 

The  additional  current  is  directly  proportional  to 
the  booster  voltage,  and  therefore  approximately  to 
its  excitation,  and  it  is  directly  proportional  to  the 
direct  current  flowing  from  the  main  terminals  of  the 
converter.    Accordingly,  a  reversing  rheostat  is  placed 


FIG.    II — COMMUTATOR   E.ND  OF  A   WESTIXCHOLSE  BOOSTER   ROTARY 
COWERTER     OF  THE  LATEST  TYFE 

in  the  former.  Further,  this  auxiliary  commutating 
pole  lield  winding  is  divided  into  a  plurality  of  paral- 
lel circuits  made  or  broken  by  an  equal  number  of 
relay  switches  operating  proportionally  to  the  direct 
current  flowing  in  the  commutating  pole  series  field 
winding.  In  Fig.  9,  A  is  the  series  field,  B,  C  and  D 
the  three  sections  of  the  commutating  pole  auxiliary 
field  and  E,  F  and  G  the  controlling  relay  switches. 
D  is  the  reversing  rheostat  handle  on  the  same  shaft 
with  the  booster  field  rheostat  arm.  Fig.  10  shows  a 
second  method  of  control  which  has  been  employed. 
In  it  the  au.xiliary  field  is  in  one  section,  but  a  number 
of  resistances  are  connected  in  series  by  means  of 
relay  switches  so  as  to  vary  the  au.xiliary  field  current 
with  approximate  proportionality  to  the  main  current. 
The  relay  switches  are  the  same  in  either  method,  but 
in  the  former  the  series  resistances  are  unnecessary 
and  some  complication  is  avoided.     Figs.   11   and   12 


B'vOtH.Mr.llrd^krC 


.T^    '       '         h  '  I        I  II  li  ~**  ■       ■  a  — 


FIG.    12 — SECTIONAL   VIEW   OF   A   CONVERTER,    SUCH    AS    SHOWN    IN 
FIG.     II 

show  a  I  500  kilowatt,  two-phase,  60  cycle.  270  volt, 
450  r.p.m.,  15  percent  booster  rotary  converter,  built 
in  accordance  with  the  principles  of  design  outlined  in 
this  article. 


Balanced  Hoisting  Systems 


Wilfred  Sykes 


THE  FOLLOWING  article,  in  continuance  of  a 
JouKN'AL,  which   covered   the  mathematics  of  simple 
zchich  employ  the  effect  of  flywheels  in   their  operat 
are  described  and  compared  together  with  the  service 
standpoints  of  operation  and  cost. 

PRACTICALLY  all  balancing  systems  of  hoisting 
utilize  a  flywheel,  the  speed  of  which  is  varied 
so  that  it  gives  up  or  absorbs  energ)'  according 
to  the  demands  of  the  system.  A  storage  battery  may 
also  be  used  for  the  same  purpose  and  under  certain 
circumstances  it  may  be  more  economical  than  a  fly- 
wheel, as  the  losses  with  the  latter  are  constant  and 
independent  of  the  load,  while  the  storage  battery 
losses  only  occur  when  the  battery  is  being  used.  The 
main  requirements  of  a  balancing  system  are  that  it 
should  be  capable  of  preventing  the  peaks  from  com- 
ing on  generating  stations,  it  should  be  automatic  in 
action  and  the  losses  connected  with  it  should  be  as 
low  as  possible. 

The  first  practical  system  to  be  introduced  was 
that  proposed  by  Mr.  Carl  Ilgner,  which,  in  various 


FIG.    I — COMPLETE   DL\GR.\M   OF   COXXECTIOXS   FOR   ILGXER 
HOISTIXG   SYSTE.M 

modified  forms,  has  been  very  widely  adopted  for  all 
classes  of  heavy  work  where  greatly  fluctuating  loads 
have  been  taken  care  of.  Probably  90  percent  of  the 
equalizing  systems  installed  are  based  on  this  principle. 
It  will  be  noted  that  the  whole  of  the  power  used 
by  the  hoist  is  transformed  and  also  that  there  are  no 
rlieostatic  losses  at  starting.  The  Ilgner  system  as  ar- 
ranged for  use  with  alternating  current  consists  of  an 
alternating-current  induction  motor  with  a  wound 
rotor,  coupled  to  a  direct-current  generator,  which,  in 
turn,  feeds  a  direct-current  shunt-wound  hoist  motor. 
Coupled  to  the  motor-generator  is  a  suitable  flywheel 
designed  to  take  care  of  the  peak  loads.  The  fields  of 
the  hoist  motor  and  of  the  direct-current  generator 
are  excited  separately  by  a  small  exciter  coupled  to  the 
motor-generator  set,  means  being  provided  for  auto- 
matica'ly  maintaining  its  voltage  constant  when  the 
speed  of  the  set  varies.    The  speed  of  the  motor-gen- 


discussion  by  the  author  in  the  March  issue  of  the 
drum  and  conical  hoists,  treats  of  balancing  systems, 

ton.  The  Ilgner  and  the  converter  hoisting  systems 
conditions  to  which  each  is  most  adaptable  from  the 

orator  set  is  controlled  by  means  of  an  automatic  slip 
regulator  operated  by  the  line  current.  The  scheme 
of  operation  is  as  follows:— 

At  the  beginning  of  a  hoist  cycle  the  flywheel  is 
running  at  full  speed,  all  resistance  being  cut  out  of 
the  motor  rotor.  In  order  to  start  the  hoist,  the  gen- 
erator is  gradually  excited  in  the  proper  way  to  obtain 
the  desired  direction  of  rotation.  As  the  speed 
of  the  hoist  motor  with  constant  field  excitation  is 
practically  proportional  to  the  voltage  of  the  generator, 
when  the  latter  is  increased  the  speed  of  the  hoist  also 
increases  until  with  full  voltage  the  maximum  speed 
is  obtained.  The  only  rheostatic  losses  at  starting  are 
those  in  the  regulator  controlling  the  generator  field, 
which  are  negligible. 

A\'hen  the  load  on  the  induction  motor  exceeds 
the  mean  value  for  which  the  slip  regulator  is  set,  re- 
sistance is  automatically  introduced  into  the  rotor  so 
as  to  cause  a  reduction  of  speed,  thus  enabling  the  fly- 
wheel to  give  out  a  portion  of  the  energv-  stored  in  it 
and  thereby  assisting  the  motor  to  drive  the  generator. 
The  speed  is  automatically  reduced  so  as  to  maintain 
constant  input  to  the  three-phase  motor  until  the  fly- 
wheel has  given  out  all  the  energj'  required  in  excess 
of  the  mean  value.  When  the  load  falls  below  this 
mean  value  the  regulator  cuts  out  the  resistance  in  the 
rotor  causing  the  set  to  increase  in  speed,  thus  storing 
energy  in  the  flywheel  and  keeping  the  demand  on  the 
line  constant. 

The  use  of  resistance  in  the  rotor  of  the  three- 
phase  motor  introduces  a  certain  loss  which  will  aver- 
age half  the  slip  between  full  and  minimum  speeds  but, 
as  a  rule,  this  loss  is  small  compared  with  the  output  of 
the  plant.  The  question  as  to  the  most  economical 
slip  value  to  adopt  is  a  very  complicated  one,  depend- 
ing as  it  does  upon  the  first  cost  of  the  flywheel,  the 
running  losses,  the  time  the  plant  is  in  service,  etc. 
It  will  be  seen  that  should  the  plant  run  for  a  consid- 
erable period  without  load  it  might  be  advisable  to 
allow  a  fairly  large  slip  and  to  use  a  light  flywheel  so 
that  the  constant  loss  would  be  small.  On  the  other 
hand,  if  the  plant  runs  continuously,  the  intervals  be- 
tween trips  being  short,  the  slip  regulator  losses  will 
bear  a  totally  different  relation  to  the  input,  and  under 
such  circumstances  a  relatively  small  slip  and  a  heavy 
flywheel  might  be  the  most  economical  arrangement. 
It  has  been  found  in  practice  that  a  slip  of  12  to  15 
percent  is  about  the  most  economical  value,  although 
in  some  plants  a  slip  as  high  as  20  per  cent  is  provided 
for.  Since  the  energy  stored  in  the  flywheel  is  propor- 
tional to  the  square  of  the  velocity,  it  will  be  seen  that 
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by  increasing  the  slip  a  jiroportional  increase  is  not 
olitained  in  tlie  output.  Thus  witli  a  15  percent  slip 
the  energy  available  will  be  28  percent  of  the  total  in 
the  flywheel.  With  20  percent  slip  the  amount  avail- 
able is  only  increased  to  36  percent. 

The  general  connections  of  a  hoisting  plant  on  the 
Ilgner  system  with  alternating-current  supply  are  given 
in  Fig.  I,  and  from  the  description  given  the  functions 
of  the  various  parts  will  easily  be  followed. 

The  size  of  the  flywheel  may  readily  be  obtained 
from  the  load  diagram  which  has  already  been  calcu- 
lated.*   It  is  necessary,  first  of  all,  to  determine  the 


FIG.    2 — CURVE    SHOWING   V.ARI.\TION   IN    HOIST    MOTOR   LOSSES 
WITH  VARI.VTION  IN  LOAD 

total  input  to  the  generator  which  must  be  furnished 

by  the  flywheel  and  driving  motor..    To  do  this,  the 

most  convenient  method  is  to  take  the  losses  of  the 

hoist  motor  and  generator  and  add  them  to  the  loads 

already  mentioned.     Figs.  2  and  3  show  approximate 

loss  curves  for  the  hoist  motor  and  generator,  and 

from  these  curves  the  values  in  Table  I  have  been 

derived : 

These  figures  are  not  exactly  correct,  as  it  is  assumed 

that  the  iron  loss,  windage  and  friction  is  the  same 

TABLE    I— HORSE-POWER    VALUES    FOR    MOTOR 
AND  GENERATOR  Dl'RIXG  A  HOISTING  CYCLE. 


Acceleratiiii: 

Con.staDt 
Speed 

RetardiiiK 


Motor 

Motor 

output 

input 

555 

618 

540 

GDI 

300 

328 

183 

201 

-57 

-46 

-71 

-60 

General  input 


6911 

669  I 

348 

209 

-461 

-50/' 


=-  680  average 


-53  average 


during  the  starting  and  stopping  periods  as  when  run- 
ning at  full  speed,  which  is  not  the  case,  but  the  error 
introduced  is  very  small.  For  convenience,  the  aver- 
age horse-power  values  during  the  accelerating  and 
retarding  periods  are  taken,  as  this  simplifies  the  cal- 
culation.   The  other  losses  will  be  included  later. 

We  now  have  a  load  diagram  of  the  input  to  the 
generator  as  given  in  Fig.  4.  The  function  of  the  fly- 
wheel is  to  supply  the  power  required  above  the  aver- 


age input  to  the  generator,  the  total  input  to  which 

is : — 

680 


Accelerating  period. 

Constant  speed.' 
Total    


2     X  10  =  3  400  hp-scconds. 

40=  II  140  lip-5econd5. 

=14  3-40  hp-scconds 

S3. 


Returned  during  retardation,  ^  y  10  =   265  hp-sccond$. 

Net  input  to  generator =  14275  hp-scconds. 

Average  input  during  hoist  cycle,  -^^^^  =  190  hp. 
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FIG.    3 — GENERATOR   CURVE   OF   LOSS   OVER    ITS   RANGE   OF    LOAD 

Referring  to  Fig.  4,  it  will  be  seen  that  the  area 
above  the  average  of  228  hp  corresponds  to  the  follow- 
ing:— 

Accelerating  period      —  -  X7.2  =    I  760  hp-seconds. 


Constant  speed  period 
Total    

680  Horte.  Power 


(348-190)  +   (209-190) 

2 


344    Hon«-Po«er 


20*    W.r\t-V'-m't 


Avtnce  Iop3t    190  Ho««-Pft"« 


W' 


3540 


*See  article  bj'  the  author  in  the  Journal  for  Mar.,  1914, 
p.  144- 


»-10»c*t 40Mc«adt ^  lOiKlff— ISsK-^ 

1  li,.  4 — LOAD  DIAGRAM   SHOWING  VARI.^TION  AND  AMOUNT  OF  GEN- 
EK.\TOR  INPUT  DURING  THE  HOISTING  CYCLE 

This  output  must  be  carried  by  the  fl}"wheel  if  the 
input  is  to  be  completely  equalized,  and  it  will  be  re- 
turned to  the  wheel  during  the  period  that  the  input  is 
less  than  the  average. 

The  weight  of  the  flywheel  depends  upon  tlie  type 

and  the  peripheral  speed : — 

Where  V,  =  velocity    in    feet    per    second    at    radius    of 
gyration,  full  speed. 
V;  :=  velocity    in    feet    per    second    at    radius    of 
gyration,  minimum  speed. 
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If  a  solid  plate  wheel  is  used,  the  radius  of  gyration  is 

0.707  of  the  wheel  radius.     It  is  common  practice  to 

run  plate  wheels  at  a  peripheral  speed  of  20000  feet 

per  minute,  although  occasionally  higher  speeds  are 

used.    If  the  i-eripheral  velocity  is  taken  as  above,  we 

have, — - 

20  fioo  '■  0.707         ,  . 
\  ,  =  ^  =236  ft.  per  sec. 

A  speed  drop  of  15  percent  is  usual,  so, — 

V'.j  =  236  X  6.85  =  200  ft.  per  sec. 
The  weight  of  the  flywheel  will  be, — 


5  300  X  550  X  64.4 


=  12050   lbs. 


236'  —  200' 

The  motor  for  driving  the  set  may  carry  the  av- 
erage load  plus  the  losses  that  have  been  so  far  neg- 
lected.    It  is  cslinialcd  that  llicy  will  be  as  follows: — 

Wimlage  and  friction  and  iron  loss  of  generator.  16  lip 

Flywheel  windage  and  friction 15  !ip 

E.Ncilation  of  hoist  motor  and  generator 18  hp 

Total     40  hp 

In  addition,  there  is  the  loss  in  the  slip  regulator, 
which,  with  a  slip  of  15  percent,  if  an  induction  motor 
is  used,  will  be  7.5  percent  of  the  total  output,  or  ap- 
pro.ximately  8.1   percent  of  the  average  input  of  190 
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FIG.     5 — CONNECTION     DIAGR.\M      SHOWING     APP-JiR-MUS     AND     ITS 
.\RRANGKMENT   IN    THE    CONVERTER    SYSTEM    OF    HOISTING 

hp,  ])lus  the  above  losses.    This  will  be  approximately 
say,  21  hp.     The  total  load  on  the  driving  motor  will 
bet- 
Average  input  to  generator  from  diagram.  ...  190  hp 
Losses  not  included  in  average  input 70  hp 

Input,  or  rating,  of  driving  motor 260  hp 

If  the  flywheel  set  is  driven  by  a  direct-current 
motor,  the  speed  regulation  will  be  obtained  by  varying 
the  shunt  field  so  that  the  loss  will  be  negligible  and 
the  capacity  required  will  be  reduced  by  the  amount 
of  the  slip  regulator  loss.  The  overall  efficiency  of  the 
equi])ment  may  be  readily  determined.  The  total  net 
work  is, — 

5000  lbs.  X  I  000  ft.  =  5000000  ft-lbs. 
The  motor  output  is  260  hp  for  75  seconds  and, 
allowing  an  efficiency  of  91  percent  for  the  induction 
motor,  this  is, — 

260  ,   „ 

\. Qi  X 75  X  550  =  II  700 000  ft-lbs. 

^  ..     cr    ■  ==  000  000  X  ICO 

Overall  efficiency  =  " — tt-^^^..,  „„„      =  42.7  percent. 
•'  II 700 000  ^   '  * 

The  above  overall  efficiency  is  very  low,  due  to 

the  high  accelerating  peaks,  in  relation  to  the  average 

load;   but   this   example   will    serve   to    illustrate    the 


method  by  which  the  size  of  apparatus  required  can  be 
determined. 

THE    CONVERTER    SYSTEM 

Another  system  of  importance,  suitable  for  alter- 
nating current,  is  that  known  as  the  converter  system, 
the  principle  of  which  is  altogether  different  from  that 
of  the  Ilgner  system.  The  connections  of  this 
system  as  applied  to  three-phase  hoisting  jjlants  are 
given  in  Fig.  5.  The  hoist  motor  in  this  case  is  of  the 
induction  type  with  a  wound  rotor,  being  started  by 
means  of  a  rheostat.  In  order  to  equalize  the  demand 
on  the  line,  the  equalizing  system  is  connected  in  paral- 
lel with  the  generator  station.  It  consists  of  a  rotary 
converter  and  a  direct-current  machine  to  which  is 
coupled  a  suitable  flywheel.  The  operation  of  the  ar- 
rangement is  as  follows  : — 

The  rotary  converter  acts  only  as  a  connecting 
link  between  the  alternating-current  system  and  the 
equalizing  set,  which  consists  of  a  shunt-wound  direct- 
current  machine  and  the  flywheel.  The  field  of  this 
machine  is  controlled  by  a  regulator,  operated  by  the 
main  line  current.  At  the  beginning  of  a  trip  the  fly- 
wheel is  running  at  full  speed,  and  when  the  load  ex- 
ceeds the  mean  \alue.  the  regulator  automatically 
strengthens  the  field  of  the  equalizing  machine  so  that 
it  acts  as  a  generator  driven  by  the  flywheel.  The 
amount  of  energy  given  to  the  rotary  converter  and 
thence  to  the  line  will  depend  on  the  requirements  in 
excess  of  the  mean,  as  the  regulator  will  continue  to 
cut  out  resistance  so  long  as  there  is  any  tendency  for 
the  line  current  to  increase  above  the  mean. 

When  the  demand  drops  below  the  average  the 
regulator  will  weaken  the  field,  causing  the  machine 
to  run  as  a  motor,  which,  taking  energy  from  the  line 
through  the  rotary  converter,  speeds  up  the  flywheel, 
the  rate  at  which  resistance  is  introduced  to  the  field 
depending  on  the  difference  between  the  demand  on 
the  line  and  the  mean  load.  In  this  way  energy  is 
stored  in  the  flywheel  and  the  line  load  is  kept  constant. 
The  rotary  converter  changes  either  direct  current  to 
alternating  current  or  vice  versa,  depending  on  whether 
the  flywheel  set  is  giving  up  or  absorbing  energy.  It 
will  be  seen  that  the  speed  variation  is  obtained  in  field 
regulation,  so  that  the  loss  is  negligible,  whereas  with 
the  Ilgner  system  it  is  from  7.5  percent  to  10  percent 
of  the  input  to  the  driving  motor.  This  is  a  very  im- 
portant feature  in  equalizing  systems  with  direct-cur- 
rent machines,  as  a  much  greater  slip  can  be  econom- 
ically obtained,  it  being  the  usual  practice  to  allow 
from  20  percent  to  25  percent,  and  consequently  the 
flywheels  can  be  comparatively  light.  The  machines 
of  the  equalizing  set  need  only  to  be  large  enough  to 
deal  with  the  loads  which  exceed  the  mean  value,  and 
under  ordinary  circumstances  the  capacity  will  not  be 
more  than  about  half  that  of  a  motor-generator  set  for 
the  same  duty.  The  equalizing  equipment  is  quite  in- 
dependent of  the  hoisting  motor,  so  that  it  may  be  out 
of  service  and  the  only  difference  will  be  that  the  peak 
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loads  will  come  on  the  line,  but  with  the  Ilgner  system 
the  hoist  is  dependent  on  the  motor-generator. 

The  main  difference  between  the  two  systems  is 
that  the  Ilgner  method  provides  for  starting  the  hoist 
motor  by  voltage  control  without  any  rheostatic  losses, 
while  the  converter  arrangement  makes  no  provision 
for  doing  so.  When  considering  the  economy  of  both 
systems  this  difference  must  be  considered,  as  starting 
losses  are  often  a  large  proportion  of  the  total  input. 
The  question  of  starting  is  one  of  the  important  ones 
with  large  hoists,  and  on  this  account  the  Ilgner  sys- 
tem is  ])relerred  for  heavy  work.  Motor-generator  sets 
without  flywheels  have  been  installed  in  a  number  of 
instances  for  the  sole  purpose  of  obtaining  a  simple 
and  efficient  method  of  starting.  With  small  hoists  the 
starting  devices  are  not  difficult  to  design  and  this  fea- 
ture, together  with  the  fact  that  one  converter  equal- 
izing equipment  may  be  used  for  a  number  of  hoists. 
gives  this  arrangement  an  advantage  over  the  Ilgner 
system,  especially  as  the  cost  is  somewhat  lower.     It 


will  be  seen  that  the  converter  equalizing  equipment 
is  not  necessarily  located  near  the  hoist,  which  is  an 
important  feature  when  it  is  inside  a  mine.  In  this 
case  a  high  tension  system  may  be  used,  transformers 
being  [ilaced  between  the  converter  and  the  line,  and 
the  equalizer  set  being  in  the  power  station  ur  sub- 
station on  the  surface. 

When  the  power  supply  is  direct  current  the  speed 
of  the  driving  motor  of  the  Ilgner  motor-generator  set 
is  varied  by  shunt  regulation  and  the  slip  may  be  made 
between  20  percent  and  25  percent.  With  the  second 
arrangement  the  converter  is  omitted,  the  equalizing 
machine  being  connected  directly  across  the  line. 

The  question  as  to  the  desirability  of  an  equalizing 
equipment  for  any  particular  installation  dei)ends  en- 
tirely on  local  conditions.  The  Ilgner  system  has  been 
very  widely  used  and  has  undoubtedly  solved  the  prob- 
lem of  handling  large  loads  at  high  speeds,  but  it  is 
only  by  making  a  careful  analysis  of  the  conditions 
that  intelligent  recommendations  can  be  made. 


Practical   Speed  Adjustment  of   Alternating- 
Current   Mill   Motors 

WITH   METHOD   OF   ADAPTING  THE   SAME   PRINCIPLE   TO   MINE   FANS 

G.  E.  Stoltz 


Dl"E  TO  THE  FACT  that  the  material  rolled 
in  steel  mills  varies  in  size  and  shape,  speed  ad- 
justment becomes  a  necessity.  When  the 
output  of  the  mill  can  be  confined  to  material  vary- 
ing little  in  section,  a  single-speed  prime  mover  is 
sufficient.  In  order,  however,  to  handle  dift'erent 
sizes,  give  some  material  better  finish  than  others, 
or  secure  greater  accuracy  in  the  finished  product 
of  some  orders  than  others,  speed  adjustment  is  re- 
quired. Large  sizes  cannot  be  rolled  at  too  high  a 
speed,  as  considerable  trouble  is  encountered  when 
entering  the  metal  in  the  rolls.  If  the  speed  is  too 
slow,  the  tonnage  is  reduced,  the  metal  cools  too 
quickly,  and  it  is  not  thrown  a  sufficient  distance 
from  the  stand  to  pass  it  conveniently  from  one 
stand  to  another. 

INDUCTION    MOTORS 

Rheostatic  Control — Due  to  the  simplicity  of 
rheostatic  control  it  is  by  far  the  most  desirable, 
but  it  is  uneconomical  when  the  range  of  speeds 
required  is  great.  In  addition  to  this  objection  the 
speed  of  the  motor  controlled  in  this  manner  varies 
with  load  from  full-load  speed,  which  is  determined 
by  the  amount  of  resistance  in  the  secondary,  to 
approximately  synchronous  speed  wdien  the  mill  is 
running  light.  An  installation  of  this  type,  when 
used  in  conjunction  with  a  flywheel,  will  operate  at 
practically  constant  speed,  so  long  as  the  mill  is 
kept   fairly   well   filled   with   metal,   but   delays  are 


frequent,  at  which  times  the  mill  comes  up  to  a 
speed  near  synchronism.  When  operations  are  re- 
sumed, difficulty  is  encountered  in  entering  the 
metal  in  the  rolls,  due  to  the  high  speed.  With  this 
variation  in  speed,  some  pieces  are  rolled  with 
greater  dispatch  than  others,  resulting  in  a  variation 
in  temperature  of  the  finished  product.  Under  such 
conditions,  it  is  impossible  to  obtain  steel  of  uni- 
form gauge. 

Multi-Sj^eed  Motors — This  type  of  motor  usually 
consists  of  two  separate  windings  on  the  primary 
and  secondary  or,  where  a  two  to  one  speed  ratio 
is  desired,  the  winding  is  reconnected,  being  used  in 
parallel  for  the  high  speed  and  in  series  for  the  low 
speed.  The  number  of  speeds  to  be  obtained  in  this 
manner  is  entirely  dependent  upon  the  number  of 
windings  placed  on  the  motor.  With  several  wind- 
ings, considerable  slot  space  is  necessary.  Since 
only  a  portion  of  this  space  is  in  active  use  at  any 
one  time,  the  motor  performance  inherently  be- 
comes poor  and,  where  a  large  number  of  induction 
motors  are  used,  it  is  undesirable  to  install  ma- 
chines which  aid  in  reducing  the  power-factor  un- 
necessariU".  In  addition  to  this,  the  complexity  of 
the  control  and  the  high  cost  of  motors  with  several 
windings  has  limited  the  multi-speed  motor  to  prac- 
tically two  speeds.  These  two  speeds  can  be  varied 
somewhat  by  rheostatic  control,  so  that  in  many 
cases  this  type  of  motor  is  most  satisfactory. 
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Cascade  Motors — The  synchronous  speed  of  an 
induction  motor  is  equivalent  to  the  number  of  al- 
ternations per  minute  of  the  line  to  which  it  is  con- 
nected, divided  l)y  its  total  number  of  poles.  If  the 
secondary   circuit   of  one   machine   is   connected   to 


■  FIG.    I— MAIN    ROLLING    MILL    MOTOR 

Rotary  converter  and  motor-generator  in  background. 

the  primary  of  another,  the  frequency  of  the  latter 
is  supplied  by  the  slip  of  the  former.  By  placing 
both  machines  on  the  same  shaft,  or  otherwise  caus- 
ing them  to  rotate  at  the  same  speed,  a  new  syn- 
chronous speed  is  obtained.  This  now  becomes  the 
number  of  alternations  of  the  primary  circuit  di- 
vided by  the  sum  of  the  number  of  poles  in  both 
machines.  Or,  if  the  two  machines  are  connected 
differentially,  that  is,  one  of  the  phases  of  the  pri- 
mary on  the  second  motor  is  reversed,  the  resulting 
speed  will  correspond  to  the  difference  of  the  num- 
ber of  poles.  Thus,  the  number  of  distinct  syn- 
chronous speeds  depends  upon  the  number  of  mo- 
tors connected  in  tandem.  Flowever,  practical 
limits  restrict  the  nuinber  of  machines  to  two. 
Operating  each  machine  independently  provides 
two  additional  speeds. 

The  performance  of  motors  connected  in  cas- 
cade is  similar  to  that  of  a  single  motor.  The  slip 
increases  with  the  torque.  E.xciting  current  and 
impedance  losses  of  both  machines,  as  well  as  wind- 
age and  friction,  must  come  through  the  primary  of 
the  first  motor. 

Due  to  poor  performance,  and  since  the  com- 
bination is  ultimately  the  equivalent  of  a  multi- 
speed  motor,  very  few.  installations  have  been  made 
in  this  country.  Large  initial  cost  and  the  com- 
plexity of  control  also  have  been  quite  instrumental 
in  causing  operators  to  abandon  this  method. 

POLYPHASE   COMMUTATOR   MOTOR 

The  characteristics  of  this  machine  are  similar 
to  those  of  the  Avell  known  direct-current  motor. 
In  the  latter  motor  two  voltages  are  present,  viz : — 
rotation  voltage,  which  is  the  counter  electromotive 
force  generated  by  the  armature  turns  cutting  the 
field  lines  of  force ;  and  the  ohmic  drop,  due  to  the 
resistance  of  the  conductors  carrying  the  current. 
Due  to  the  alternating  currents,  an  additional  volt- 
age is  developed  in  the  windings  of  the  alternating- 


current  commutator  machines.  This  may  be  termed 
the  reactance  voltage.  The  first  two  voltages  men- 
tioned above  are  in  phase  with  the  current  but,  with 
the  entrance  of  a  reactance  voltage,  phase  displace- 
ments and  commutating  troubles  are  introduced. 
Unfortunately,  the  inherent  characteristics  are  such 
that  good  conmiutation  is  obtained  at  the  expense 
of  poor  power-factor,  and  vice  versa. 

A  number  of  methods  have  been  tried  to  obtain 
good  commutation  and  a  reasonable  power-factor 
simultaneously  under  varying  load  conditions,  the 
most  successful  being  obtained  by  placing  a  com- 
I)ensating  winding  on  the  stator  designed  to  neu- 
tralize the  reactance  voltage  of  the  rotor.  The  dis- 
tribution of  this  winding  introduces  considerable 
complication,  and  makes  the  windings  and  connec- 
tions, as  a  whole,  very  intricate. 

Several  installations  have  been  made  in  Europe, 
using  the  polyphase  commutator  motor  as  a  part  of 
the  outfit  for  controlling  the  speed  of  alternating- 
current  rolling  mill  motors,  but  without  marked 
success,  even  after  considerable  time  and  money  have 
been  spent  on  the  machines  after  installation.  To 
date,  no  installation  has  been  made  in  this  country 
which  successfully  meets  the  severe  requirements 
of  this  application  and,  considering  the  time  the 
Europeans  have  spent  in  tr3-ing  to  adapt  this  ap- 
paratus to  rolling  mill  service,  its  future  in  this  field 
is  not  promising. 

ROTARY    CONVERTER    AND    M0T0R-GENER.\T0R    SET 

Recently  an  arrangement  has  been  tried  in  this 
country  which  solves  the  problem  of  speed  control 
in  a  most  satisfactory  manner.  Unlike  rheostatic 
control,  it  is  economical  and  is  capable  of  being  ad- 
justed to  obtain  any  definite  speed  through  a  wide 
range,  the  same  being  kept  constant  irrespective  of 
the  load  on  the  mill.  This  characteristic  is  not 
found  in  the  multi-speed  motor,  or  cascade  method 
of  control,  as  usually  each  of  these  methods  is  lim- 
ited to  two  or  three  different  speeds.  It  consists 
throughout  of  standard  apparatus,  with  which  the 


FIG.    2 — DI.AGRAM     SHOWING    COMPLETE    EQUIPMENT    .^ND    LAYOUT 
OF    ROTARY    CONVERTER    MOTOR-GENERATOR    SYSTEM 

ordinary  operater  is  well  acquainted,  and  when  re- 
pairs are  needed  does  not  present  the  difficulties  en- 
countered with  three-phase  commutator  motors 
with  their  complicated  windings.  The  apparatus 
required  is  indicated  graphically  in  Fig.  2. 
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Motor  A  is  the  main  rolling  mill  motor,  which  is 
an  ordinar}'  rolling  mill  motor  of  the  type  usually 
installed  for  single  speed  operation,  and  normally 
operated  on  external  grid  resistance.  The  auxiliar>- 
apparatus  described  can  be  added  to  any  single  speed 
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FIG.  3 — SLIP-TORQUE  CURVES  OF  INDUCTION  M.^CHINE  OF  MOTOR- 
GENERATOR  SET  FOR  OPER.\TION  BOTH  AS  .\  GENER.-KTOR  AND  AS 
A    MOTOR 

installation  should  new  rolling  conditions  create  a  de- 
mand lor  a  wide  range  of  speeds. 

The  Rotary  Converter  C  is  a  standard  machine, 
wound  with  the  same  number  of  phases  as  the  sec- 
ondary of  the  main  rolling  mill  motor.  Its  fre- 
quency and  voltage  rating  also  must  be  consistent 
with  tiiat  obtained  from  the  secondary  of  the  large 
motor  under  operating  conditions.  The  installation 
described  operates  at  three-phase,  60  cycles,  and  the 
maximum  speed  reduction  desired  is  30  percent, 
which  is  equivalent  to  18  cycles  on  the  secondary. 
As  the  locked  secondary  voltage  is  552  volts,  the 
secondar}^  voltage  corresponding  to  18  cycles  is  166. 
Since  the  alternating  voltage  of  a  three-phase  ro- 
tar}'  converter  is  61  percent  of  the  direct  voltage. 
272  volts  will  be  obtained  across  the  direct-current 
terminals.  A  standard  three-phase,  25  cycle,  275 
volt  rotary  converter,  having  a  capacity  equivalent 
to  30  percent  of  the  main  rolling  mill  motor,  meets 
the  requirements  of  this  particular  installation. 

The  Motor  E  under  normal  conditions  operates 
as  an  ordinary  direct-current  motor,  separately  excited, 
receiving  electrical  energj-  from  the  rotars-  converter 
and  transmitting  it  as  mechanical  energy  to  the  alter- 
nating-current generator  of  this  set. 

Generator  G,  in  the  particular  installation  re- 
ferred to  above,  is  a  squirrel-cage  induction  motor, 
and  operates  as  such  when  starting  the  motor-gen- 
erator set,  continuing  to  act  as  a  motor  until  the 
auxiliary  apparatus  is  placed  in  operation  with  the 
rolling  mill  motor.  It  then  runs  as  an  induction 
generator,  returning  to  the  main  circuit  electrical 
energy  which  would  otherwise  be  lost  in  the  ex- 
ternal resistance. 

0PER.\TI0N 

It  is  customary  to  install  a  main  rolling  mill 
motor  wound  for  the  highest  speed  which  will  be 


required  on  the  mill,  the  auxiliary  apparatus  being 
used  to  reduce  the  speed  of  this  motor  to  the  slow- 
est speed  required.  In  this  particular  instance,  the 
auxiliary  apparatus  is  used  in  conjunction  with 
either  of  two  motors ;  the  schedules,  so  far  as  possi- 
ble, being  arranged  so  that  the  normal  speed  of  the 
motor  can  be  used  on  one  mill  while  the  apparatus 
operates  with  the  other  motor  to  obtain  slow  speeds. 

Starting — When  the  mill  is  started,  switch  H  is 
always  connected  to  the  resistance,  and  the  motor 
is  started  up  as  is  customary  with  induction  motors 
operating  on  external  resistance.  In  order  to  place 
the  auxiliar}-  apparatus  in  operation  with  this  motor, 
the  motor-generator  set  is  started  from  the  alternating- 
current  end  by  means  of  an  ordinary  starting  switch. 
The  field  on  the  direct-current  end  of  this  set  is  re- 
duced to  zero,  so  that  the  motor-generator  set  is  sim- 
ply floating  on  the  line  from  the  alternating-current 
end.  Normal  field  should  be  placed  on  the  converter 
and,  while  the  main  rolling  mill  motor  is  operating  at 
light  load  and  running  with  small  slip,  the  switch  H 
should  be  thrown  from  the  resistance  to  the  alternat- 
ing-current side  of  the  converter.  The  rotary  con- 
verter rotates  ven,-  slowly,  since  it  must  operate  in 
synchronism  with  the  slip  of  the  main  motor.  The 
switch  /  is  then  closed,  which  completes  all  circuits, 
and  places  the  apparatus  in  condition  for  speed  ad- 
justment by  means  of  field  control  on  the  direct-cur- 
rent motor  £. 

For  the  Alternating-Current  Generator  G  ei- 
ther a  squirrel-cage  induction  motor  or  a  synchronous 
machine  will  give  practically  the  same  results.  The 
synchronous  machine  will  keep  the  speed  of  the  set  at 
exact  synchronism  and,  if  operated  at  a  leading  pow- 
er-factor, will  increase  the  power-factor  of  the  sys- 
tem. This  is  of  no  great  importance,  since  the  size 
of  this  machine  is  comparatively  small.     The  induc- 


FIG.   4 — ROTARY   CONVERTER    USED    IN    CONNECTION    WITH    THE 
SCHEME    INDIC.\TED    IN    FIG.    2 

tion  machine  is  more  stable,  and  has  the  advantage  of 
greater  simplicitx',  thus  requiring  less  attention.  It 
takes  a  wattless  exciting  current  when  operating  either 
as  a  motor  or  generator,  this  wattless  current  being 
practically  the  same  in  either  case. 
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In  the  installation  shown  in  Fig.  I,  a  s(|iiirrtl-cagf 
induction  machine  has  been  used  with  a  full-load  slii) 
of  three  percent.  When  the  set  is  floating  on  the  line 
its  speed  is  slightly  below  synchronism.  However, 
during  normal  operation,  when  acting  as  a  generator, 
its  speed  varies  from  synchronism  to  three  percent 
above  at  full  load. 

Direct-Current  Motor  (E) — I'or  the  present  pur- 
pose, the  speed  of  this  machine  can  be  considered  as 
constant  under  all  load  conditions.  The  voltage  which 
it  generates  is  then  dependent  entirely  upon  its  exci- 
tation. If  this  were  a  shunt  machine  the  operation  of 
the  apjtaratus  would  be  determined  solely  by  the  shunt 
field  but,  in  order  to  obtain  a  slight  variation  in  speed 
of  the  rolling  mill  motor  between  no  load  and  full 
load,  a  small  series  field  has  been  placed  on  the  ma- 
chine, so  that  its  armature  voltage  will  vary  slightly 
with  load.  This  is  necessary  to  cause  the  flywheel  on 
the  mill  to  assume  the  peaks,  thereby  ecjualizing  the 
input  to  the  rolling  mill  motor. 

Rotary  Converter  C — This  machine  is  used  to 
transform  alternating-current  to  direct-current,  mak- 
ing it  impossible  to  obtain  speed  adjustment  by  means 
of  the  tield  of  the  direct-current  motor.  It  is  sepa- 
rately excited  and,  with  its  field  rheostat  once  set  for 
normal  field  current,  it  need  never  be  changed.  Dis- 
regarding the  alternating-current  end  of  this  machine 
for  a  moment,  it  can  be  considered  as  a  shunt-wound 
motor,  with  voltage  impressed  upon  its  brushes  equiv- 
alent to  the  armature  voltage  of  the  motor  E.  Since 
its  field  strength  is  constant,  its  speed  of  rotation  must 
be  sufficient  to  generate  the  counter  electromotive 
force  to  oppose  the  impressed  voltage.  Its  speed  or 
frequency  at  the  slip  rings  is,  therefore,  in  direct  pro- 
portion to  the  impressed  direct  current  voltage. 

The  excitation  of  the  main  rolling  mill  motor  and 
the  induction  generator  can  come  from  either  the  main 
line  through  the  primary  of  the  motor  or  from  the  field 
of  the  converter.  If  the  latter  machine  is  excited  to 
give  loo  percent  power-factor  in  its  own  circuit  the 
rolling  mill  motor  will  take  its  excitation  from  the  pri- 
mary line  and  will  have  the  same  power-factor  as  if 
it  were  operating  on  resistance.  However,  by  over- 
exciting  the  rotary  converter,  its  excess  excitation  is 
transmitted  to  the  secondary'  of  the  main  motor  and 
the  exciting  current  taken  from  the  line  is  reduced  ac- 
cordingly. By  increasing  the  field  of  the  rotary  con- 
verter sufficiently,  it  may  be  made  to  excite  not  only 
the  generator  and  main  rolling  mill  motor,  but  to  force 
exciting  current  into  the  receiving  circuit,  thereby  giv- 
ing a  leading  power- factor  to  the  system. 

Rolling  Mill  Motor  A — ^\Vhen  the  large  motor  is 
operated  on  external  resistance,  its  full-load  slip  is 
determined  by  the  ohmic  resistance  of  the  secondary. 
For  every  torque  value  required  there  is  a  definite  sec- 
ondary current  which  must  flow  tlirough  the  sec- 
ondary windings.  Since  the  secondary  voltage  is  pro- 
portional to  the  slip,  the  rotor  must  drop  sufficiently 
in  speed  to  develop  the  required  voltage  at  the  slip 


rings  to  force  this  current  through  the  external  re- 
sistance. This  \oltage  can  be  either  entirely  dissipa- 
ted as  IR  drop  in  resistance,  or  balanced  by  a  counter 
e.m.f.  With  tlie  rolling  mill  motor  running  on  exter- 
nal resistance,  its  speed  is  determined  solely  by  the 
voltage  required  at  its  secondary  terminals.  When 
operating  in  conjunction  with  the  apparatus  outlined 
in  this  paper,  its  speed  is  fixed  by  the  frequen-cy  of 
the  rotarj-  converter.  Of  course,  the  voltage  is  pro- 
portional to  the  frequency,  and  any  departure  from 
this  relation,  due  to  armature  reaction,  etc.,  will  be 
compensated  for  by  a  circulating  current  between  the 
converter  and  secondary  of  the  large  motor,  as  is  the 
case  with  synchronous  generators  running  in  parallel. 
As  is  outlined  above,  it  is  possible  to  fix  the  frequency 
on  the  slip  rings  of  the  rotary  converter,  and,  as  the 
slip  of  the  large  motor  is  equal  to  the  frequency  of 
the  converter,  it  must  drop  sufficiently  in  speed  to  syn- 
chronize its  slip  with  this  frequency.  Since  the  fre- 
quency between  the  alternating-current  terminals  of 
the  rotary  converter  is  practically  constant,  irrespec- 
tive of  the  load  on  the  rolling  mill  motor,  the  speed  of 
the  rolling  mill  motor  likewise  is  kept  constant.  This, 
as  has  been  pointed  out  above,  is  one  practical  ad- 
\antage  of  this  scheme  of  operation  over  that  of  op- 
erating on  external  resistance,  where  the  speed  varies 
directly  with  the  load. 

SPEED  ADJUSTMENT 

With  the  field  F  reduced  to  zero,  theoretically  the 
armature  voltage  of  the  motor  £  is  zero;  and,  as  the 
direct-current  end  of  the  converter  is  short-circuited 
through  this  machine,  its  direct  voltage  is  also  zero. 
the  converter  being  at  standstill.  Its  frequency  being 
zero,  the  rolling  mill  motor  will  operate  as  a  wound- 
secondary  induction  motor  with  a  very  small  external 
resistance.  It  will  thus  be  seen  that  this  apparatus 
can  only  be  controlkd  from  the  field  of  the  direct- 
current  motor.  With  full  field  on  this  machine,  full 
armature  voltage  will  be  obtained  on  motor  E,  whicli, 
in  turn,  fixes  the  same  voltage  on  the  direct-current 
end  of  the  rotary  converter  C.  This,  in  turn,  deter- 
mines the  speed  of  the  converter  or  its  frequency  and, 
as  the  slip  of  the  main  motor  A  must  be  equal  to  its 
frequency,  it  will  drop  in  speed  until  the  two  are  in 
synchronism. 

EFFECT   OF  IMPEDANCE  DROP  IN    CIRCUITS   AND  VOLTAGE 
REGULATION  OF  MACHINES 

Assuming  a  theoretical  case  of  no  load  on  the 
large  motor  A,  no  current  would  flow  in  any  of  the 
circuits.  Under  these  conditions,  the  direct  current 
voltage  of  the  circuit  would  be  equal  and  opposite  to 
that  on  the  motor.  In  like  manner,  the  alternating 
voltage  of  the  converter  would  oppose  its  direct  volt- 
age, but,  as  soon  as  the  load  comes  on,  current  begins 
to  flow  from  the  secondary  of  the  main  rolling  mill 
motor  through  the  auxiliary'  apparatus  back  to  the  line, 
and  this  exact  balance  is  destroyed.  Assuming  that 
the  motor  E  has  a  flat  voltage  regulation  curve,  the 
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voltage  of  the  converter  must  increase-  with  load  to 
compensate  for  the  line  drop  between  the  converter 
and  the  direct-current  motor.  Since  the  converter  is 
operating  as  a  shunt  motor,  with  separate  excitation, 
an  increase  in  speed  is  required  to  generate  this  greater 
voltage.    This,  of  course,  means  a  higher  frequency  on 
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FIG.   5 — CURVES  OF   POWER  RECLAIMED 

A  for  30  percent  speed  reduction;  B  for  15  percent, 
the  slip  rings,  which  causes  the  rolling  mill  motor  to 
increase  in  slip.  Since  the  large  motor  A  and  the  con- 
verter must  operate  in  synchronism,  it  is  evident  that  • 
the  impedance  of  the  lines  between  these  two  units 
has  no  effect  on  speeds  of  any  of  the  machines,  but 
the  impedance  between  the  alternating-current  side  of 
the  rotary  converter  and  the  terminals  of  the  motor  E 
has  the  same  effect  on  the  rolling  mill  motor  as  if  the 
motor  were  operated  on  external  resistance,  having  an 
equivalent  impedance. 

If  the  motor  £  is  a  shunt  machine,  its  terminal 
voltage  w'ill  drop  as  the  load  increases.  This  will  cause 
the  rotar}-  converter  to  decrease  in  speed,  which  re- 
duces the  frequency  and,  therefore,  tends  to  raise  the 
speed  of  the  rolling  mill  motor  as  the  load  increases. 

As  the  torque  on  the  mill  increases,  the  amount 
of  power  transmitted  through  its  auxiliary  apparatus 
also  becomes  greater.  This  causes  the  speed  of  the 
motor-generator  set  to  increase  in  accordance  with 
the  speed-torque  curve  of  the  induction  generator, 
Fig.  2.  Such  an  increase  in  speed,  of  course,  tends 
to  increase  the  terminal  voltage  of  the  direct-current 
motor.  This  characteristic,  and  the  impedance  of  the 
circuit  between  the  alteniating-current  side  of  the  ro- 
tary converter  and  the  terminals  of  the  direct-current 
motor,  both  tend  to  cause  the  rolling  mill  motor  to 
drop  in  speed  as  the  load  increases.  Opposed  to  these 
is  the  dropping  voltage  characteristic  of  the  direct- 
current  motor,  which  tends  to  increase  the  speed  of 
this  motor  with  increase  of  load. 

The  nature  of  the  load  on  a  rolling  mill  motor 
demands  that  flywheel  effect  be  utilized  to  equalize 
the  power  input.  In  order  to  accomplish  this,  the 
motor  must  drop  in  speed  with  increase  in  load.  It 
is.  therefore,  important  to  consider  all  characteristics 
of  the  various  machines,  and  the  impedance  of  the  cir- 


cuits, before  designing  the  apparatus  for  the  installa- 
tion. If  it  is  found  that  the  required  slip  will  not  be 
obtained  as  the  load  is  placed  on  the  mill,  a  series  field 
of  the  proper  value  should  be  placed  on  the  motor  E, 
which  will  cause  its  terminal  voltage  to  rise  as  the  load 
increases.  This,  of  course,  will  tend  to  make  the  rotary 
converter  run  at  a  higher  speed  and,  since  this  in- 
creases its  frequency,  the  necessary  speed  regulation 
will  be  obtained  on  the  main  motor. 

ENERGY    RECLAIMED 

Neglecting  the  small  losses  in  the  circuits  and 
auxiliarj-  apparatus,  the  amount  of  power  returned  to 
the  line  will  be  equivalent  to  the  output  at  the  sec- 
ondary terminals  of  the  main  rolling  mill  motor.  This 
energ}-  is  proportional  to  the  product  of  the  voltage 
and  line  amperes.  The  current  in  the  various  circuits 
is  in  no  way  influenced  by  any  adjustment  which  can 
be  made  on  the  apparatus,  but  is  dependent  upon  the 
load  placed  on  the  mill.  In  other  words,  for  every 
value  of  torque  required  on  the  mill  motor  there  is  a 
definite  current  which  must  flow  in  its  secondan,-  cir- 
cuit. The  line  current  will  then  varj-  from  that  re- 
quired at  friction  load  to  the  peak  value  which  will 
occur.  It  is,  therefore,  evident  that  the  only  manner 
in  which  it  is  possible  to  effect  the  power  reclaimed 
is  by  voltage  adjustment.  With  a  very  light  field  on 
the  motor  E,  the  several  terminal  voltages  will  be 
small.  In  Fig.  5  is  shown  the  amount  of  power  re- 
turned to  the  line  by  the  generator  G.  When  operat- 
ing at  full  load  and  30  percent  speed  reduction,  122 
kilowatts  are  reclaimed. 

LOSSES 

The  individual  losses  of  each  machine  can  be 
segregated,  and  a  definite  efficiency  curve  plotted 
as  in  Fig.  6.  It  should  be  remembered  that  the 
power  input  at  the  primary  terminals  of  the  main 
rolling  mill  motor  not  only  includes  energy  trans- 
formed into  mechanical  power  to  drive  the  mill,  but 
also  the  power  returned  to  the  line  by  the  induction 


1 

.  1 

L 

^ 

' — 

A_- 1 

a  n 

^„-^^ 

r 

y 

^ 

<      1 

_                -1 

^ 

1 

•k               ifi               i!j 

u 

FIG.    6 — COMP.^R.ATU-E    CURVES    OF    EFFICIENCY 

a — Main  motor  with  secondary  short-circuited. 

/> — Main  motor  at  30  percent  speed  reduction  by  means 
of  scheme  shown  in  Fig.  2. 

c — Main  motor  at  30  percent  speed  reduction  by  means  of 
rheostatic  control. 

generator  G.     With  the  main  motor  operating  on 

external  resistance,  the  energy  returned  to  the  line 

would  be  dissipated  in  this  resistance,  and  would  be 

included  in  the  losses.    In  order  to  give  a  slip  of  30 

percent  at  full  load,  the  full-load  efficiency  of  such 

an  installation  would  be  approximately  65  percent. 

When  obtaining  the  efficiency  of  the  rolling  mill 
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motor  used  in  conjunction  with  the  auxiliary  ap- 
paratus, wc  should  measure  the  net  ini)nt.  which  is 
the  energy  returned  to  the  line  by  llie  induclion 
generator  G,  subtracted  from  the  power  input  to 
the  main  motor  A.  In  other  words,  the  whole  out- 
fit sliould  be  considered  as  a  unit,  and  the  net  power 


FIG.    7 — MOTOR-GENERATOR    SIT    "I'    TVl'I 
INSTALLATION 


t   SI  II    IN    THIS 


required  is  the  amount  taken  from  the  incoming 
transmission  line.  The  meter  should  be  placed  at 
/  and  not  at  K,  Fig.  2. 

Tests  show  a  full  load  efficiency  of  84  percent, 
with  a  speed  reduction  of  30  percent.  As  the  speed 
reduction  is  decreased  the  friction  and  windage  of 
the  main  rolling  mill  motor  and  the  rotary  con- 
verter change,  as  well  as  the  excitation  on  the  direct- 
current  motor.  It  has  been  found  that  these  several 
losses  practically  balance  each  other,  and  the  ef- 
ficiency is,  for  all  practical  purposes,  the  same 
throughout  the  speed  range  at  which  the  apparatus 
operates. 

MAIN    MOTOR    OPERATING    ABOVE    SYNCHRONISM 

This  scheme  can  also  be  used  to  increase  the 
speed  of  the  main  motor  above  synchronism,  as 
shown  in  Fig.  8.  As  the  field  of  the  motor  E  is 
weakened,   the   large   motor   increases   in    speed   or 
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FIG.     8 — DIAGRAM      SHOWING     POSSIBLE     SPEED     RANGE     OF     MAIN 
MOTOR  BY  FIELD  CONTROL  OF  THE  DIRECT-CURRENT   MOTOR 

approaches  synchronism.  The  speed  of  this  motor 
can  be  increased  on  through  synchronism  by  re- 
versing the  field  of  E.  and  building  it  up  in  the  op- 
posite direction. 

An  induction  motor  or  generator  assumes  a  dif- 
ference in  load  by  changing  its  speed  relative  to 
synchronism.      A     synchronous     machine     accom- 


plishes this  by  changing  its  phase  displacement. 
The  latter  machine  usually  consists  of  a  stator 
winding  for  alternating-current  and  a  revolving  di- 
rect-current field.  The  magnetic  field  of  the  pri- 
mary and  the  mechanical  rotor  rotate  at  the  same 
speed  and  remain  in  step  under  normal  conditions. 
The  slip  of  the  rolling  mill  motor  A  at  all  times 
is  equal  to  the  frequency  of  the  rotary  converter. 
When  the  motor  is  at  standstill,  full  line  frequency 
is  developed  in  its  secondary  and  the  converter 
operates  as  if  it  were  connected  directly  to  the  line. 
The  magnetic  field  produced  by  the  current  in  the 
secondary  windings,  therefore,  rotates  at  the  same 
speed  as  that  of  the  primary,  and  is  in  step  with  it. 
Under  these  circumstances,  the  operation  is  similar 
to  that  of  a  synchronous  machine.  Xow,  if  the  in- 
duction motor  is  rotating  slowly  the  rotary  con- 
verter will  run  at  a  slower  speed,  its  'speed  being 
equivalent  to  the  slip  of  the  induction  motor.  .As- 
sume that  the  mechanical  speed  of  rotation  is 
equivalent  to  five  cycles ;  then  the  frequency  of  the 
rotary  converter  is  (60  —  5)  =  55  cycles,  and  the 
magnetic  field  of  the  secondary  is  rotating  at  the 
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FIG.  9 — DIAGRAM   SHOWING  SPEED  VARIATION  OF  THE   MAIN   MOTOR 
IN    PASSING    THROUGH    SYNCHRONISM 

This  is  an  enlarged  portion  of  the  curve  shown  in  Fig.  8. 

rate  of  55  cycles  per  second  or  five  cycles  slower 
than  that  of  the  primary.  But  the  rotor  of  the  in- 
duction machine  mechanically  advances  the  second- 
ary field  five  cycles  per  second,  so  that  the  two 
fields  are  in  synchronism  and  we  again  have  the 
operating  characteristics  of  a  synchronous  machine. 
This  condition  holds  until  the  induction  motor  near- 
ly reaches  synchronous  speed.  At  this  time  the 
rotary  converter  is  turning  over  very  slowly.  If  the 
latter  had  no  losses,  it  would  rotate  until  the  con- 
tinuous voltage  impressed  on  it  was  reduced  to 
zero;  but,  due  to  friction,  it  will  stop  some  time  be- 
fore arriving  at  this  point,  as  shown  in  Fig.  9.  With 
the  rotary  converter  at  standstill,  direct-current 
flows  in  the  secondary  of  the  induction  machine, 
which  causes  it  to  rise  to  synchronism,  giving  an 
f'xact  duplicate  of  the  ordinary  synchronous  motor 
operation.  This  continues  until  the  field  of  E  is 
weakened  to  such  an  extent  that  the  direct-current 
is  not  sufficient  to  excite  the  secondary  of  the  mill 
motor,  which  then  takes  on  the  characteristics  of  a 
wound  rotor  induction  motor,  with  its  slip  rings  short- 
circuited  through  the  rotary  converter.  This  causes 
it  to  drop  slightly  below  synchronism,  as  is  shown 
in  Fig.  9.  The  field  on  the  direct-current  machine  is 
now    reversed    and    when    the    field    current    is    in- 
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creased  sufficiently  to  excite  the  induction  motor,  it 
again  acts  as  a  synchronous  machine,  coming  up  to 
synchronous  speed.  Reversing  the  field  of  the  di- 
rect-current machine,  of  course,  is  equivalent  to  re- 
versing the  polarity  of  the  field  of  a  synchronous 
machine.     This   results   in    the   machine  slipping  a 


FIG.    10 — SWITCHBOARD    USED    IN   THE   CONTROL   OF   THE   COMPLETE 
INSTALLATION 

pole ;  tliat  is,  the  polarity  of  the  secondary  has  been 
shifted  180  degrees.  If  the  field  current  is  increased 
until  sufficient  energ}-  is  supplied  to  start  the  rotarj' 
converter,  the  slip  of  the  induction  motor  again 
synchronizes  with  the  frequency  of  the  converter. 
The  field  of  the  latter  has  not  been  changed,  so  that 
its  rotation  will  be  reversed  by  the  opposite  trans- 
mission of  power.  Heretofore,  it  has  rotated  in 
such  a  direction  as  to  subtract  its  frequency  from 
synchronism.  When  its  rotation  is  reversed,  this 
frequency  is  added  to  that  of  synchronism,  and  the 
main  motor  runs  at  a  speed  equivalent  to  the  line 
frequenc}',  (60  cycles,  in  this  case)  plus  the  fre- 
quency of  the  rotary  converter. 

The  direct-current  machine  continues  to  rotate 
in  the  same  direction,  on  account  of  its  being  tied  in 
with  the  alternating-current  line  by  means  of  an  in- 
duction machine.  Since  this  field  has  been  re- 
versed, we  have  reversed  the  direction  of  energy. 
In  other  words,  it  is  acting  as  a  generator,  taking 
power  from  the  three-phase  line  through  the  alter- 
nating-current end  of  the  set.  The  induction  ma- 
chine is  now  operating  as  a  motor,  driving  the  di- 
rect-current machine  as  a  generator,  which  in  turn 
supplies  power  to  the  rotary  converter. 

This  increase  in  speed  can  be  continued  until 
the  au.xiliary  apparatus  has  reached  its  rated  capac- 
ity which,  with  this  installation,  is  30  percent  of  the 
main  rolling  mill  motor.  It  is,  tljerefore,  evident 
that  the  usefuhiess  of  this  apparatus  is  doubled  in 
obtaining  a  wide  range  of  speed.  In  laying  out 
such  a  scheme,  it  is  necessary  to  install  flywheels 
which  will  run  at  the  higher  speed.  In  addition  to 
this,  attention  must  be  given  to  the  characteristics 
of  the  machine  and  circuits,  so  that  adequate  fly- 
wheel effect  will  be  obtained  at  speeds  above  syn- 
chronism.    A  smaller  percent  regulation  at  speeds 


above  synchronism  is  sufficient  to  give  the  same 
effect  that  is  obtained  below  synchronism.  This,  of 
course,  is  due  to  the  fact  that  the  amount  of  encrg}- 
stored  in  a  moving  mass  increases  as  the  square  of 
its  speed. 

Since  the  \aiuL-  01  energ)'  traiisimtted  from  the 
rotarj'  converter  to  the  motor-generator  set,  or  vice 
versa,  is  equivalent  to  the  product  of  the  current  and 
voltage,  a  counter  transmission  can  only  take  place 
when  either  one  of  these  components  is  reversed. 
Changing  both  would  in  no  way  effect  the  product. 
The  voltage  on  the  direct-current  machine  E  is  re- 
versed b\'  the  field,  its  direction  of  rotation  remaining 
the  same.  The  voltage  of  the  rotary-  converter  is  re- 
versed by  the  op[)Osite  rotation  of  its  armature,  while 
its  field  current  continues  in  the  same  direction.  The 
armature  current  between  these  two  machines,  there- 
fore, always  flows  in  the  same  direction,  irrespective 
of  the  function  the  auxiliary  apparatus  may  be  per- 
forming. A.  single  reading  ammeter  can  be  used  in 
this  circuit  but  the  voltmeter  should  be  double  reading. 

ROTARY    COXVERTER-DIRECT-CURRENT    MOTOR    SET 

The  apparatus  which  is  described  above  is  suit- 
able for  application  where  the  torque  remains  constant, 
irrespective  of  the  speed,  but  when  the  torque  increases 
with  the  speed  a  modified  arrangement  of  the  appa- 
ratus can  be  made  to  give  constant  horse-power  out- 
put. To  accom[)lish  this  the  direct-current  motor  £ 
is  coupled  to  the  main  motor  A,  as  in  Fig.  11,  and  the 
surplus  power  is  reclaimed  as  mechanical  energy. 

On  many  mills  the  cross  section  of  the  billet  or 
bloom  rolled  remains  practically  constant,  irrespective 
of  the  size  to  which  it  is  finished.  The  larger  product 
is  obtained  by  reducing  the  total  number  of  passes 
in  the  mill.  This  may  result  in  a  schedule  having 
fewer  pieces  of  metal  in  the  rolls  at  any  one  time  so 
that  the  torque  required  by  the  motor  is  often  less 
than  when  rolling  a  smaller  product,  and  the  motor- 
generator  scheme  is  best  adapted  to  a  mill  having  this 
type  of  schedules.     However,  on  some  mills  when  a 


troigt  Circuit 


FIG.  II — DI.IGRAM  SHOWING  ARRANGEMENT  AND  CONNECTION  OF 
APP.\RATUS  IN  THE  CONSTANT  HORSE-POWER  ROTARY  COX- 
VERTER-DIRECT-CURREXT  GENERATOR   SYSTEM 

larger  finished  product  is  rolled  the  size  of  the  billets 
is  increased  to  such  an  extent  that  the  torque  actually 
is  greater  than  is  required  when  rolling  the  smaller 
product.  The  large  billets  also  may  be  of  a  higher 
carbon  or  an  alloy,  which  would  naturally  increase 
the  driving  torque  required  so  that  the  constant  horse- 
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]>o\vcT  proposition,  as  shown  in  Fig.  11,  would  ht  the 
logical  installation  to  make. 

The  performance  of  the  main  motor  from  the 
electrical  point  of  view  is  identical  in  either  of  the  two 
schemes.  The  final  result  depends  entirely  upon  the 
disposition  of  the  power  given  up  by  its  secondary 
winding.  Neglecting  the  small  losses  in  the  auxiliary 
apparatus,  power  in  the  latter  scheme  is  utilized  in 
mechanically  aiding  the  prime  mover.  The  operation 
of  the  whole  outfit  is  similar  to  that  of  an  adjustable 
speed  machine  tool  motor,  in  which  the  tnniuc  varies 
inversely  as  the  speed. 

APPAK.\TUS 

On  many  applications  the  speed  of  the  main  motor 
is  comparatively  slow,  depending  on  the  operating 
speed  required  by  the  apparatus  which  it  drives. 
Since,  with  the  constant  horse-power  scheme,  it  is 
preferable  to  couple  the  motor  E  to  the  main  drive,  it 
operates  at  a  comparatively  slow  speed,  and  may, 
therefore,  be  unusually  large  for  its  rated  output.  Its 
cost  may  ofifset  that  of  the  motor-generator  set  in  the 
first  scheme,  since  the  speed  of  the  latter  is  not  in- 
fluenced by  other  apparatus  and  can  be  designed  to 
operate  at  the  most  economical  speed. 

The  motor  E  is  designed  to  give  full  output  at 
the  slow  speed,  but  must  be  mechanically  constructed 
to  withstand  a  no-load  over  speed  equivalent  to  that 
obtained  when  the  main  motor  operates  at  approxi- 
mately synchronism.  If  the  outfit  is  used  above  syn- 
chronous speed,  the  motor  /;  must  carry  full  load  at 
the  maximum  speed  obtainable. 

OPERATION 

The  operation  and  speed  adjustment  is  similar  to 
that  of  the  rotary-converter  motor-generator  scheme, 
but  the  function  of  the  series  field  of  the  direct-current 
motor  is  modified  somewhat,  due  to  the  fact  that  its 
speed  varies  with  that  of  the  mill  motor.  With  the 
former  scheme  the  speed  of  the  direct-current  motor 
remains  practically  constant,  irrespective  of  the  load 
on  the  main  motor,  as  the  slip  of  the  induction  gen- 
erator is  very  small.  Since  the  speed  of  the  direct- 
current  motor  must  be  the  same  as  that  of  the  main 
motor,  the  series  field  must  be  increased  to  compen- 
sate for  the  drop  in  armature  voltage,  due  to  the  de- 
crease in  speed  as  the  load  on  the  prime  mover  be- 
comes greater.  Since  the  ordinary  mill  drive  requires 
from  10  to  15  percent  speed  regulation,  this  amount 
of  compounding  must  be  added  to  that  which  would 
otherwise  be  needed  with  the  constant  torque  propor- 
tion. 

APPLICATION    TO    FANS 

This  apparatus  can  be  very  well  adapted  to  mine 
fans  where  a  slow  speed  is  wanted  at  first,  but,  as  the 
mine  is  enlarged,  the  amount  of  air  required  increases, 
and  the  speed  of  the  fan  must  be  raised  to  meet  the 
greater  demand.  On,  rolling  mill  applications,  after 
the  main  motor  is  started  the  transfer  switch  H,  Fig. 
2.  is  thrown,  when  the  mill  is  operating  under  light 
load,  but  this  cannot  be  done  on  some   fans,  and  it, 


therefore,  becomes  necessary  to  supply  a  modified 
form  of  transfer  switch.  Under  these  conditions  it 
is  i)referable  to  supply  a  rocker  type  of  switch,  with 
a  double  row  of  contacts  on  the  side  connecting  the 
rotary  converter.  Each  of  these  additional  contacts 
is  connected  to  its  mate  by  means  of  a  preventive 
resistance.  Before  the  transfer  switch  leaves  the  con- 
tacts on  the  left  side,  the  blades  on  the  right  engage 
the  dummy  contacts,  and  the  secondary  of  the  main 
drive  is  connected  to  the  rotary  converter  through  the 
preventive  resistance.  The  same  principle  is  com- 
monly used  in  connection  with  storage  batteries,  where 
it  is  necessary  to  place  in  circuit  additional  cells  with- 
out disconnecting  the  circuit.  The  switch  can  be 
thrown  very  quickly,  so  that  the  current  flows  through 
the  preventive  resistance  only  for  an  instant,  but,  in 
this  manner,  breaking  the  circuit  under  full-load  con- 
ditions is  avoided. 

When  the  mine  becomes  sufficiently  developed  to 
demand  the  full  speed  of  the  fan,  the  auxiliary  appa- 
ratus need  no  longer  be  used  for  this  purpose.  Since 
the  direct-current  motor  or  motor  generator  set  and 
rotary  converter  are  standard  apparatus,  they  can  be 
placed  in  some  other  service  for  which  they  are  more 
commonly  used. 

The  torque  of  the  fan  varies  as  the -square  of  the 
speed.  Of  the  two  schemes  the  motor-generator 
method,  giving  constant  torque,  is  inherently  better 
adapted  for  this  application.  If  the  speed  of  the  fan 
is  comparatively  high  it  may  be  more  economical  to 
couple  a  direct-current  motor  to  the  prime  mover  in- 
stead of  using  the  motor-generator  scheme.  The  par- 
ticular proposition  in  question  must  be  decided  upon 
its  own  merits,  as  successful  operation  can  be  obtained 
with  either  method. 

CONCLUSION 

This  principle  is  analogous  to  that  of  placing  a 
low  pressure  steam  turbine  in  a  plant  to  utilize  the  ex- 
haust steam  from  a  reciprocating  engine.  \\"\\.\\  the 
engine  operating  alone,  the  energy  which  still  remains 
in  the  exhaust  steam  is  lost.  In  like  manner,  the  power 
which  passes  from  the  secondary  terminals  of  the  in- 
duction motor  to  the  external  resistance  is  dissipated 
as  heat.  By  passing  it  through  this  auxiliary  appa- 
ratus, certain  losses  take  place,  similar  to  that  in  the 
low  pressure  steam  turbine,  but  a  large  percentage  is 
returned  to  the  line. 

If  only  one  speed  is  required  on  the  mill,  a  single 
speed  motor  should  be  used  by  all  means,  as  this  re- 
quires only  the  simplest  type  of  apparatus  and  there- 
fore insures  great  continuity  of  service,  which  is  very 
important  in  steel  mill  work.  In  most  cases,  where  a 
single  speed  is  not  sufficient,  it  is  generally  found  that 
a  two  speed  motor  fulfills  all  the  requirements  actually 
needed.  In  many  cases  operators  find  that  they  can 
confine  themsehes  to  one  of  these  two  types  of  motors, 
but  where  it  is  necessary  to  install  apparatus  for  more 
than  two  speeds  the  scheme  described  herein  is  a  sim- 
ple solution,  consisting  of  standard  apparatus  which 
has  demonstrated  its  success  in  actual  operation. 


A  Load-Proportioning  Arrangement 


A 


B.    H. 

FEW  YEARS  AGO,  direcl-currcnt  ivslcms 
were  quite  generally  used  in  such  applica- 
tions as  steel  mills,  but  the  advantages  of 
alternating  current  have  been  so  numerous  as  to  cause 
it  to  sup[)lant  the  direct-current  systems  to  a  very 
large  extent.  In  this  transition  it  has  sometimes  oc- 
curred that  the  direct-current  plant- has  not  been  re- 


FIC.     I — MOTOR-GENERATOR     SET     CONNECTING     ALTERNATING     AND 
DIRECT-CURKENT   SYSTEMS 

This  set  consists  of  a  300  kilowatt.  250  volt,  direct-cur- 
rent generator  and  a  250  horse-power,  440  volt  synchronous 
motor. 

placed  outright,  but  alternating-current  apparatus  has 
been  installed,  in  addition,  to  take  care  of  growing 
power  requirenients. 

The  load  in  a  steel  mil!  is  extremely  variable,  and 
much  could  be  saved  in  the  cost  of  the  generating  in- 
stallation if  it  were  not  necessary  to  make  provision 
for  excessive  peaks.  In  many  cases  it  has  been  found 
profitable  on  direct-current  systems  to  install  a  stor- 
age battery  of  large  capacity,  arranged  to  "float"  on 
the  line  in  such  a  way  that  the  load  on  the  generating 
apparatus  is  practically  constant.  Such  an  arrange- 
ment is  impossible  in  an  alternating-current  system, 
and  in  many  direct-curent  systems  the  cost  is  prohibi- 
tive. However,  in  cases  where  the  original  direct- 
current  installation  is  increased  by  an  alternating-cur- 
rent outfit,  it  is  quite  possible  to  arrange  the  apparatus 
in  such  a  manner  that  the  total  load  on  the  generating 
system  is  practically  uniform,  although  at  times  the 
load  on  either  the  direct-current  or  the  alternating- 
current  line  may  be  heavy.  This  result  is  brought 
about  by  a  motor-generator  set,  such  as  shown  in 
Fig.  I,  so  connecting  the  two  systems  that,  in  case 
either  is  excessively  loaded,  power  is  furnished  one 
system  from  the  other.  In  other  words,  the  function 
of  the  motor-generator  set  is  to  balance  the  load.  This 
method  is  used  in  the  plant  of  the  Ritcr-Confey  Co., 


ritlsburgh,  Pa.,  and  the  connections  for  the  outfit  are 
indicated  in  Fig.  2.  It  will  be  observed  that  the  direct- 
current  end  of  the  motor-generator  set  has  only  a 
shunt  field  winding,  since  a  series  field  would  buck  the 
shunt  field  when  the  machine  is  operating  as  a  motor. 
When  generating,  the  machine  must  parallel  properly 
with  the  direct-current  source,  so  that  there  is,  espe- 
cially at  light  loads,  an  extremely  unstable  condition; 
for,  if  the  generator  of  the  motor-generator  set, 
shown  at  A  in  Fig.  i,  should  start  to  feed  into  the 
•ther  direct-current  generators,  the  series  windings 
on  the  latter  would  immediately  decrease  their  field 
strengths,  thus  lowering  the  counter  e.m.f.  and  in  a 
very  short  time  the  rush  of  current  resulting  would 
trip  the  circuit  breaker.  Hence,  it  becomes  necessary 
to  arrange  whatever  control  apparatus  is  used  on  the 
field  of  the  generator  in  such  a  manner  that  under  no 
circumstances  will  its  generated  voltage  be  great 
enough  to  feed  power  into  the  other  direct-current 
generators. 

As  may  be  seen  from  Fig.  2  the  field  of  the  gen- 
erator is  controlled  by  a  balancing  relay.  A  connec- 
tion and  winding  diagram  of  this  relay  is  shown  in 
Fig.  3  and  its  appearance  when  installed  is  shown  in 
Figs.  4  and  5.  The  total  load  on  the  direct-current 
generators  is  measured  bj'  the  upper  element  of  the  re- 
lay and  the  total  load  on  the  alternating-current  gen- 
erators is  measured  bv  the  lower  element.     The  two 


To  Alttrnx  Isc-CBirtat  Crattalvii 


FIG.    2 — SINGLE-LINE    I>I.\GRAM 

Showing  connections  and  operation  of  relay  in  propor- 
tioning the  load  between  the  direct  and  the  alternating-curren: 
lines. 


elements  are  connected  mechanically  by  a  thin  metal 
strip,  so  that,  if  the  alternating-current  load  is  greater, 
the  upper  contact  will  close,  opening  the  lower  contact, 
and  vice  versa.  The  control  circuit  through  these  con- 
tacts operates  the  automatic  field  rheostat  Fig.  2,  thus 
weakening  the  field  when  tlie  upper  contact  is  closed 
and  strengthening  it  when  the  lower  contact  is  closed. 
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Tile  alternating-currL'iit  machine  of  the  motor- 
generator  set  is  connected  to  run  in  synchronism  with 
the  alternating-current  system.  Hence,  if  power  is  ap" 
plied  to  it,  tending  to  drive  it  faster  than  the  frequency 
of  tlic  system  will  permit,  it  acts  as  a  generator  feeding 


■  To  A.C.  Load  To  D-C   Laud  y 

FIG.  3 — DETAIL   CONNECTION    DIAGRAM    OF   GOVF.RNING  RELAY 
SHOWN   IN    FIG.   2 

I  and  _' — D.  C.  shunt  coils.      .?,  4.  7  and  S — A.  C.  series 
coils,     .'j  and  6 — \.  C.  sliunt  coils. 

/energy  into  that  system.  If  a  mechanical  load  is  con- 
nected to  it  in  any  way  it  takes  energy  from  the  sys- 
tem as  a  synchronous  motor. 

When  the  balancing  set  is  simply  "floating"  on 
the  line  and  taking  just  enough  energy  to  overcome 
its  friction  and  other  losses  with  normal  ratio  of  al- 
ternating-current and  direct-current,  the  first  effect  of 
?.  sudden  large  increase  of  direct-current  load,  is  to 
unbalance  the  relay  and  thus  close  the  lower  contact. 


FIG.   4 — VIEW    SHOWING   THE   APPEARANCE   AND    LOCATION    OF    THE 
RELAY   ON    THE    STATION    SWITCHBOARD 

The  automatic  rheostat  responds  and  increases  the 
field  current  of  the  direct-current  machine  A  raising 
its  voltage.  As  a  result  power  is  delivered  to  the  di- 
rect-current system  and  taken  from  the  alternating- 
current  system  in  increasing  amounts  until  the  relav 


becomes  balanced  and  the  rheostat  stops.  Again,  if 
the  alternating-current  load  in  the  mill  is  greatly  in- 
creased, the  relay  again  becomes  unbalanced,  but  this 
time  the  alternating-current  element  has  the  greater 
torque  and,  therefore,  the  ui)per  contact  closes.  The 
rheostat  now  turns  in  the  opposite  direction,  the  field 
current  decreases  and  the  machine  A  acts  as  a  motor, 
transferring  power  from  the  direct  to  the  alternating- 
current  side  until  the  relay  again  becomes  balanced 
with  both  of  its  contacts  open. 

The  relay  may  be  adjusted  for  various  ratios  of 
alternating  to  direct-current  power,  such  as  i  to  I,  2 
to  I,  etc.,  according  to  the  desire  of  the  operator. 
Thus,  if  only  one  direct-current  generating  unit  is 
running  and  several  alternating-current  units  are  in 
operation,  the  ratio  might  be  as  great  as  6  to  i. 

In  some  of  the  earlier  installations,  an  interesting 
point  was  brought  out  in  connection  with  the  demand 
for  the  above  mentioned  ratios  of  power.  It  was  pro- 
posed to  arUl  a  weight  to  one  side  of  the  relay  balance 


FIG.    5 — DETAIL   VIEW    OF   RELAY    WITH    CLA.-;    COVER   REMOVED 

arm  to  allow  for  a  given  excess  of  alternating-current 
power.  This  arrangement  w-orked  very  well  as  long 
as  there  was  some  load  in  the  mill,  but  if  by  any 
chance  the  total  load  became  small,  the  weight  on  the 
relay  arm  would  close  the  lower  contact  and  raise  the 
voltage  of  machine  A  to  an  excessive  value.  The  final 
arrangement,  however,  consisted  in  placing  a  variable 
resistance  in  the  voltage  winding  of  the  direct-current 
element  of  the  relay  by  means  of  which  its  calibration 
might  be  varied  at  will,  thus  giving  the  various  ratios 
required.  By  this  scheme  the  mechanical  balance  of 
the  instrument  remains  undisturbed  and,  when  the 
total  load  becomes  light,  the  contacts  remain  open  and 
the  voltage  of  machine  A  remains  normal.  In  fact,  it 
is  found  that  the  mechanical  balance  of  the  relay 
should  just  barely  close  the  upper  contact  and  then  at 
zero  load  in  the  mill  the  result  would  be  to  give  the 
direct-current  end  of  the  motor-generator  set  a  volt- 
age just  low  enough  so  that  its  frictional  load,  etc.,  is 
carried  by  power  from  the  direct-current  system. 


Shop  Testing  of  Electrical  Apparatus—  XVII 


SINGLE-PHASE  TRANSFORMERS  (Cont.) 


CORE  UiSS 

THE  CORE  LOSS  is  made  up  of  two  parts,  the 
hysteresis  loss,  due  to  the  cyclic  reversals  of 
magnetism  in  the  core,  and  the  eddy  current 
loss,  due  to  current  set  up  in  the  iron  by  the  varying 
magnetic  flux.  The  core  loss  is  a  function  of  the  volt- 
age, wave-shape  and  frequency.  Guarantees  are  based, 
therefore,  on  normal  rated  voltage  of  sine  vyave  shape 
at  normal  frequency,  but  the  standard  conditions  as  to 
wave  shape  are  difficult  to  obtain  in  practice.  How- 
ever, for  any  wave  shape  there  is  some  equivalent  volt- 
age that  will  produce  the  same  core  loss  as  would  the 
sine  wave  of  normal  rated  voltage  at  normal  frequency. 
This  voltage  is  determined  by  an  instrument  called  the 
core  loss  voltmeter,  whicli  indicates  normal  voltage 
when  the  actual  root  mean  square  voltage  impressed  on 
the  transformer  is  such  that  the  core  loss  is  the  same  as 
would  be  produced  by  a  sine  wave  of  the  same  fre- 
quency at  normal  voltage.*  The  instrument  is  pro- 
vided with  two  scales,  one  calibrated  in  volts  to  agree 
with  the  root  mean  square  voltmeter  on  a  pure  sine 
wave,  the  other  calibrated  to  indicate  the  watts  loss  in 
the  instrument. 

In  practice,  the  core  loss  voltmeter  is  connected 
across  the  terminals  of  the  transformer  under  test  in 
the  same  manner  as  an  ordinary  voltmeter.  A  watt- 
meter is  connected  in  the  circuit  in  such  a  manner  as 
to  measure  the  total  input  of  both  the  transformer 
and  the  core  loss  voltmeter.  The  voltage  of  the  cir- 
cuit is  then  adjusted  until  the  core  loss  voltmeter  indi- 
cates the  normal  voltage  of  the  transformer.  The 
total  power  input  is  then  read  on  the  wattmeter  and 
the  watts  input  of  the  instrument  is  read  on  the  watt 
scale  of  the  core  loss  voltmeter,  the  difference  being 
the  normal  core  loss  of  the  transformer.  When  used 
on  a  peaked  voltage  wave,  the  core  loss  voltmeter  will 
indicate  a  lower  value  than  the  root  mean  s(juare  volt- 
meter, and  vice  versa. 

The  voltage  employed  to  measure  the  core  loss  of 
a  transfornur  may  be  impressed  upon  either  the  low 
tension  or  high  tension  winding,  or  a  portion  of  the 
winding,  care  of  course  being  taken  that  the  voltage 
used  is  normal  voltage  for  the  winding  or  portion  of 
the  winding  used.  As  a  rule,  the  voltage  should  be 
impressed  on  the  total  low  tension  winding.  In  case, 
howc\  er,  of  a  transformer  having  a  number  of  coils  in 
the  low  tension  winding  for  parallel  or  series  ci^nnec- 
tion,  and  should  the  series  connection  require  a  low 


*For  a  more  dotailed  description  of  lliis  meter,  see  the 
Journal  for  April.  191 1.  p.  38,^  The  current  taken  by  thi:: 
type  of  instrument  is  so  great  that  it  should  not  be  used  with 
an  ordinary  imtcntial  transformer,  but  a  small  distributing  or 
power  transformer  should  be  used. 


tension  voltage  which  is  t'lO  high  to  be  cunvenn 
obtained  or  accurately  measured,  then  the  core  i  -- 
should  be  measured  with  all  the  coils  in  parallel  rather 
than  upon  one  coil  of  the  series.  Should  it  become 
necessary  in  extreme  cases  to  measure  the  core  loss  on 
a  portion  of  the  winding,  either  in  series  or  parallel, 
less  than  25  percent  of  the  winding  should  never  be 
used.  Core  loss  should  be  measured  with  the  trans- 
former at  as  near  25  degrees  C  as  possible. 

The  exciting  current  of  a  transformer  is  that 
current  which  flows  in  the  winding  to  supply  the  mag- 
netization and  the  core  losses  and  is  measured  as  the 
current  flowing  to  the  primary  with  the  secondary  cir- 
cuit open.  The  volt-amperes  excitation  (apparent 
watts)  is  the  product  of  the  exciting  current  and  the 
voltage  used  in  making  the  test.  The  exciting  cur- 
rent is  made  up  of  two  components,  the  iron  loss  and 
the  magnetizing  components,  at  right  angles  to  each 
other.  The  iron  loss  component  equals  the  watts  core 
loss  divided  by  the  rated  voltage.  The  magnetizing 
current  = 

\  (e.Kciting  current)" — (iron  loss  component)". 

If  the  voltage  employed  in  making  the  test  is 
higher  than  can  be  measured  directlv  with  a  voltmeter, 
then  the  voltage  transformer  used  in  connection  with 
the  same  should  have  a  primary'  voltage  rating  cor- 
responding approximately  to  the  test  voltage,  and 
should  have  such  a  ratio  as  to  give  a  reading  on  the 
most  accurate  part  of  the  voltmeter  scale.  If  a  cur- 
rent transformer  is  necessan,"  in  connection  with  an 
ammeter  or  wattmeter,  it  should  have  a  maximum  line 
voltage  rating  equal  to  or  greater  than  the  test  voltage, 
to  ensure  against  breakdown. 

Four  diagrams  of  connections  for  testing  for 
core-loss  are  shown  in  Figs.  8.  9,  10  and  11,  all  meters 
and  instrument  transformers  being  shown  connected 
correctly  in  the  circuit.  That  scheme  of  connection 
should  be  used  which  is  most  suitable  to  the  current 
capacity  and  voltage  of  the  transformer  to  be  tested 
and  the  instruments  available.  When  using  an  exter- 
nal resistance  in  the  potential  circuit  of  the  wattmeter, 
it  should  always  be  connected  as  shown  in  Fig.  S  and 
Fig.  10,  as  this  method  of  connection  gives  the  mini- 
mum voltage  strain  between  the  potential  and  current 
coils. 

With  the  connections  shown  in  Figs.  8  to  ir,  the 
ammeter  and  wattmeter  register  the  losses  in  the  two 
\oltmeters.  If  the  source  of  potential  is  constant,  the 
voltmeters  may  be  disconnected  while  taking  the  w-att- 
meter  and  ammeter  readings.  If.  however,  the  volt- 
age is  fluctuating,  the  voltmeter  and  wattmeter  must 
be  read  simultaneously,  and  the  losses  corrected  for. 
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The  ammeter  and  wattmeter  current  coils  should  al- 
ways be  short-circuited,  except  when  readings  are 
being  taken. 

Jn  starting  the  test,  a  low  voltage  should  first  be 
applied  and  the  value  of  the  current  noted.  If  the 
ammeter  indicates  an  excessive  value,  the  oil-switch 
should  be  opened  and  the  transformer  examined  for 
improper  connections  on  the  terminal  boards  and  for 
possible  short  circuits  on  other  parts  of  the  winding. 
If,  however,  the  ammeter  indicates  a  value  of  cur- 
rent commensurate  with  the  voltage  applied  and  the 
size  of  the  transformer  being  measured,  the  ammeter 
should  be  short-circuited  and  the  voltage  on  the  trans- 
former increased  until  the  core  loss  voltmeter  indi- 
cates  the   normal   rated  voltas;e   of   the   transformer. 
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FIGS.    8,    9,    10    .\XD    II — FOUR    METHODS    OF   COX>rECTIOX    FOR   THE 
ME.\SUREMEXT  OF  CORE-LOSS 

The  voltage  of  the  testing  circuit  as  indicated  by  the 
r.m.s.  voltmeter  should  be  noted  when  the  core  loss 
voltmeter  indicates  the  normal  rated  voltage  of  the 
transformer.  The  ammeter  and  wattmeter  readings 
are  then  taken,  and  the  connections  noted,  so  that  cor- 
rections may  be  made  if  necessary.  The  volt-amperes 
(apparent  watts)  are  computed  from  the  observed 
value  of  exciting  current,  and  the  normal  voltage  of 
the  winding  as  indicated  by  the  core-loss  voltmeter. 

\\'hen  the  transformer  is  connected  as  shown  in 
Figs.  S  to  II,  the  wattmeter  indicates  in  addition  to 
the  core  loss  of  the  transformer,  a  small  copper  loss 
due  to  the  exciting  current  of  the  transformer,  which 
is  so  small  that  it  can  be  neglected.  The  copper  loss 
m  the  potential  circuit  of  the  wattmeter  and  the  core 


loss  of  the  voltage  transformer  when  one  is  used  are, 
however,  also  measured.  These  losses  must  be  sub- 
tracted from  the  total  reading  of  the  wattmeter  in 
order  to  get  the  true  value  of  the  core  loss.  When  the 
schemes  of  connections  indicated  in  Figs.  8  and  lo 
are  used,  the  correction  may  be  easily  calculated  since 
the  resistance  of  the  potential  circuit  of  the  wattmeter 
and  the  r.m.s.  voltage  are  known.    The  correction  in 

E= 
these  two  cases  ecpals  ^  ,  in  which    E  is  the   r.m.s. 
K 

\  oltage  applied  to  the  wattmeter.  The  correction  to  be 
applied  with  the  connections  indicated  in  Fig.  9  or  ii 
may  be  most  easily  found  by  observing  the  wattmeter 
when  the  instruments  are  connected  as  in  the  test,  but 
with  the  transformer  disconnected,  or  the  correction 
may  be  found  by  computing  the  copper  loss  in  the  po- 
tential circuit  of  the  wattmeter  as  directed  above,  and 
adding  to  this  the  core  loss  of  the  potential  trans- 
former. When  large  transformers  are  being  tested, 
the  percentage  losses  in  the  meters  are  usually  so  small 
they  may  be  neglected. 

COPPER  LOSS  AND  IMPED.\NCE 

The  copper  loss  of  a  transformer,  expressed  in 
watts,  is  the  power  consumed  in  circulating  the  cur- 
rent through  the  high  tension  and  low  tension  wind- 
ings. This  loss,  usually  expressed  as  the  PR  loss  of 
the  transformer,  may  be  determined  by  calculation 
from  the  resistance  and  normal  currents  of  the  re- 
spective windings,  or  may  be  measured  directly  by 
means  of  a  wattmeter. 

Copper  Loss  by  Calculation — The  resistance  of 
the  high  tension  and  low  tension  windings  having  been 
previously  measured,  and  the  normal  current  ratings 
of  the  windings  being  known  from  the  k.v.a.  and  volt- 
age ratings,  the  total  PR  loss  may  be  calculated  as 
follows:  (H.  T.  current  )=  X  (H.  T.  resistance)  + 
(L.  T.  current)  =  X  (L.  T.  resistance)  =  total  PR 
loss. 

Copper  Loss  hv  Direct  Measurement — The  most 
convenient  method  for  determining  the  total  copper 
loss  and  the  true  eftective  resistance  of  the  trans- 
former is  by  the  wattmeter-impedance  method.  To 
measure  this  total  loss,  one  winding  is  short-circuited 
and  sufficient  voltage  is  impressed  on  the  other  wind- 
ing to  cause  full-load  current  to  f?ow.  A  wattmeter 
in  the  circuit  will  then  indicate  the  total  copper  loss 
plus  a  negligible  iron  loss  due  to  the  small  amount  of 
flux  necessary  to  cause  the  full-load  current  to  flow 
in  the  short-circuited  winding.  This  total  loss,  as  indi- 
cated by  a  wattmeter,  will  usually  be  larger  than  the 
calculated  PR  value  on  account  of  eddy  currents  or 
unequal  distribution  of  current  in  the  conductors,  and 
the  small  core  loss  previously  mentioned.  In  case  a 
large  discrepancy  is  noted  between  the  copper  loss 
values  as  obtained  by  tlie  two  methods,  the  copper  loss 
,  should  be  measured  at  reduced  frequency  as  a  check 
on  the  previously  measured  value.  If  the  discrepancy 
is  due  to  eddy  currents  or  to  unequal  current  distribu- 
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tion,  tile  copper  loss  as  measured  at  reduced  frcqucncv 
will  he  smaller  than  at  normal  frequency. 

Ii)i[>cdtmcc — \\  hen  an  alternating  current  flows  in 
a  circuit  there  is  not  only  the  voltage  drop  due  to  the 
ohniic  resistance,  but  also  an  additional  drop  at  right 
angles  to  the  ohmic  drop  due  to  the  reactance  of  the 
circuit.  The  vector  sum  of  the  reactance  and  the  ohmic 
resistance  gives  the  impedance  of  the  circuit,  usually 
exjiressed  in  equivalent  ohms.  Since  the  reactive  com- 
ponent of  tlie  impedance  varies  directly  with  the  fre- 
quency, it  is  imperative  that  the  frequency  used  in 
measuring  the  impedance  be  accurately  known. 

The  impedance  drop  of  a  transformer  is  the  num- 
ber of  volts  which  must  be  impressed  on  one  winding 
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FIGS.    \2.    13.    14   .\XD    15 — CONXECTIO.V    ni.\r.R.\MS    FOR   THE    MEAS- 
UREME.N'T    OF    IMPEn.\NCE 

Fig.  12 — For  low  voltage,  small  capacity. 
Fig.  13 — For  high  voltage,   small  capacity. 
Fig.  14 — For  low  voltage,  large  capacity. 
Fig.  15 — For  high  voltage,  large  capacity. 

of  a  transformer  to  cause  full-load  current  to  flow 
when  the  other  winding  is  short-circuited.  This  im- 
pedance drop  is  usually  expressed  as  a  percentage  of 
the  normal  rated  voltage  of  the  winding  and  varies  be- 
tween three  and  nine  percent  of  the  normal  rated  volt- 
age, depending  upon  the  design  of  the  transformer. 
The  current  capacity  of  the  ammeter,  wattmeter  and 
current  transformer  can  be  determined  from  the  kilo- 
volt-amperc  rating  and  the  voltage  rating  of  the  trans- 
former. 


To  measure  copper  loss  and  impedance,  the  trans- 
former and  instruments  should  be  connected  accord- 
ing to  whichever  of  the  diagrams  shown  in  Figs.  12 
lo  15  is  the  most  suitable  to  the  impedance  voltage  and 
full-load  current  of  the  winding  on  which  the  test  is  to 
be  made.  This  test  is  usually  made  on  the  high  tension 
windings,  because  the  current  and  voltage  to  be  meas- 
ured come  more  nearly  within  range  of  the  meters. 
The  transformer  winding  should  be  connected  for  nor- 
mal operation  and  the  low  tension  short-circuited. 
When  transformers  are  designed  for  series-parallel 
connection  the  measured  copper  loss  with  the  coils 
comiected  in  parallel  will  usually  be  a  little  larger  than 
with  the  coils  connected  in  series,  due  to  a  slightly 
unequal  distribution  of  current  in  the  various  coils. 
Special  care  should  be  taken  when  short-circuiting  the 
tow  tension  to  be  sure  that  all  comiections  are  tight, 
and  that  the  wire  or  cable  used  is  of  sufficient  size  to 
carry  the  low  tension  current  with  a  negligible  loss. 

After  the  transformer  has  been  properly  con- 
nected the  oil-switch  connecting  it  to  the  power-cir- 
cuit should  be  closed  and  a  low  voltage  applied.  The 
voltage  should  be  varied  by  a  variable  ratio  trans- 
former, or  by  excitation  of  the  generator,  as  cutting 
down  the  voltage  with  a  series  resistance  is  liable  to 
give  erroneous  results.  The  switch  short-circuiting 
the  ammeter  should  then  be  opened  and  the  current 
noted.  If  the  current  noted  is  commensurate  with  the 
voltage  applied  and  the  size  of  the  transformer,  the 
\oltage  should  then  be  increased  until  the  ammeter  in- 
dicates the  normal  rated  current  of  the  winding.  The 
\  oltage  across  the  terminals  of  the  transformer  should 
then  be  observed  and  recorded.  This  voltage  should 
always  be  read  on  the  terminal  board  of  the  trans- 
former, since  there  may  be  an  appreciable  drop  in  the 
loads  connecting  the  transformer  to  the  testing  table. 
After  the  impedance  voltage  has  been  observed  and  re- 
corded the  voltmeter  should  be  disconnected,  if  the 
source  of  the  potential  is  constant,  and  the  wattmeter 
reading  observed  and  recorded.  If  the  voltage  is  fluct- 
uating, simultaneous  readings  must  be  taken,  and  the 
loss  in  the  voltmeter,  which  is  included  in  the  watt- 
meter reading,  must  be  corrected  for. 

The  temperature  of  the  transformer  at  the  time 
this  test  is  made  should  be  carefully  noted,  so  that 
the  copper  loss  may  be  corrected  to  23  degrees  C.  For 
this  purpose  thermometers  should  be  inserted  between 
the  coils  in  such  a  manner  as  to  be  as  nearly  as  possible 
in  contact  with  the  copper  in  the  transformer.  Usu- 
ally thermometers  placed  against  the  low-tension  coils 
will  indicate  very  nearly  the  actual  temperature  of  the 
copper  on  account  of  the  relatively  small  amount  of 
insulation  between  the  thermometer  and  the  copper. 
The  effect  of  temperature  on  the  impedance  drop  can 
usually  be  neglected.  When  the  scheme  of  connections 
siiown  in  Fig.  12  is  used  and  the  readings  taken  as  di- 
rected, the  wattmeter  will  indicate  the  total  copper 
loss  in  both  the  high  tension  and  low  tension  sides  of 
the  transformer,  plus  a  negligfible  iron  loss  as  previ- 
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ously  mentioned,  and  the  loss  in  the  potential  circuit 
of  the  wattmeter.  The  correction  for  the  r'R  loss  in 
the  potential  circuit  of  the  wattmeter  may  be  easily 
calculated  since  the  resistance  of  the  circuit  and  the 
applied  voltage  are  shown.  The  correction  equals ^^  , 
in  which  E  is  the  impedance  voltage  and  R  the  resist- 
ance of  the  potential  circuit  of  the  wattmeter.  When 
the  instruments  are  connected,  as  shown  in  Fig.  13. 
the  correction  may  be  obtained  by  observing  the  watt- 
meter reading  when  the  instruments  are  connected,  but 
the  transformer  disconnected  or  the  correction  may  be 
found  by  computing  the  copper  loss  in  the  potential 
circuit  of  the  wattmeter  as  directed  above,  and  adding 
to  this  the  core  loss  of  the  potential  transformer,  the 
applied  voltage  being  the  same  as  the  impedance  volt- 
age of  the  transformer. 

On  low  voltage  transformers  of  high  current  out- 
put, such  as  are  used  for  electric  welding  purposes,  it 
is  sometimes  diflicult  to  secure  instruments  or  current 
transformers  capable  of  measuring  the  current.  In 
this  case  it  is  possible  to  obtain  quite  accurate  readings 
from  the  transformer  ratio  by  separating  the  primary 
current  into  its  components  of  load  and  magnetizing 


FIG.  16 — METHOD  OF  SEPARATING  PRIMARY  CURRENT  INTO  ITS 
LOAD  AND  MAGNETIZING  COMPONENTS  TO  DETERMINE  SEC- 
ONDARY CURRENT  BY  RATIO  WITHOUT  THE  USE  OF  INSTRU- 
ME.NTS 

current,  as  shown  in  Fig.  16.  The  secondary  current 
will  then  be  equal  to  the  load  current  in  the  primary, 
multiplied  by  the  ratio  of  the  primary  and  secondary 
turns. 

Reactance — Tlie  percent  reactance  drop,  which  is 
in  quadrature  with  the  resistance  drop,  ^ 

V'(percent  impedance  drop)" — (percent  resistance  drop)". 
REGULATION. 

Regulation  is  defined  in  the  standardizatiiMi  rules 
of  the  American  Institute  of  Electrical  Engineers  as 
"the  ratio  of  the  rise  of  secondary  terminal  voltage 
from  rated  non-inductive  load  to  no  load  ( at  constant 
primary  impressed  terminal  voltage)  to  the  secondary 
terminal  voltage  at  rated  load."  The  regulation  of  a 
transformer  can  be  measured  by  applying  the  rated 
load  and  noting  the  rise  of  the  voltage  in  the  second- 
ary circuit  when  the  load  is  thrown  off,  the  primary 
voltage  being  maintained  constant.  In  practice  it  is 
difficult  to  obtain  reliable  results  in  this  way,  owing  to 
the  variations  in  the  primary  voltages  which  are  diffi- 
cult to  guard  against  and  the  very  small  difference  in 


\  ullage  which  is  to  be  mea.sured ;  a  very  slight  error  in 
reading  a  meter  will  furnish  a  large  percent  error. 
Hence,  it  is  customary  to  calculate  the  regulation  from 
the  results  of  the  tests  previously  outlined.* 

.'^hort-cut  formulae  sufficiently  accurate  for  com- 
mercial testing  are : — 

l-or  iioii-inducthe  load. 

Percent  regulation  ==  (percent  copper  drop) +  [ (percent 
reactance  drop)"-^20o)]. 

The  percent  copper  drop  =  PR  loss  (either  measured  or 
calculated  from  the  resistances)-:- by  the  rated  output,  mul- 
tiplied by  100. 

The  percent  reactance  drop  = 

V(percent  impedance  drop)"— (percent  copper  loss)". 

For  an  inductive  load,  the  following  formula  is  more 
accurate : 

Percent  regulation  = 

T=i.-.        Aj.T\-    ■    o.    (IX  cose—  PR  sine)' 

I  R  cos  6  + IX  sin  6+  „     - 
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Where  PR  equals  the  percent  copper  loss,  which  is  equal 
to  the  copper  drop  expressed  in  percent  of  rated  voltage. 

IX  equals  the  total  reactance  drop  expressed  in  percent 
of  rated  voltage  =: 

V(percent  impedance  drop)" — ^  (percent  copper  loss)' 

Cos  6  =  power-factor  and  sin  6  ^  Vi — (power-factor)". 

EFFICIENCV. 

The  etffciency  of  a  transformer  is  the  ratio  of  its 
net  power  output  to  its  gross  power  input.  These 
items  can  be  measured  directly  by  the  use  of  wattme- 
ters in  both  primary  and  secondary  circuits,  but  can 
usually  be  calculated  from  the  tests  made,  as  described 
above,  with  a  much  greater  degree  of  accuracy.  The 
losses  in  the  transformer  consist  of  two  components; 
one  a  constant  loss,  known  as  the  core  loss,  and  the 
other  a  loss  which  varies  as  the  square  of  the  load, 
known  as  the  copper  or  PR  loss.  The  copper  loss  is 
usually  calculated  from  the  resistance  measurements 
corrected  to  25  degrees  C.  The  percent  efficiency  then 
equals  the  output  divided  by  (output  -|-  core  loss  + 
copper  loss)  X  100.  From  this  formula  the  efficiency 
can  be  readily  calculated  for  any  load.* 

For  distributing  transformers  or  for  any  trans- 
former which  is  constantly  excited  or  which  carries  a 
load  for  only  a  portion  of  a  day,  the  all  day  efticiency 
becomes  of  importance.  In  this  case  the  total  losses 
in  the  transformer  during  the  twenty-four  hours 
should  be  calculated,  being  equal  to  the  core  loss  in 
watts  times  24,  plus  the  copper  loss  for  a  given  load 
multiplied  by  the  number  of  hours  the  load  is  on.  The 
twenty-four  hours  efficiency  then  equals  the  total  out- 
put during  twenty-four  hours  divided  by  the  output 
plus  the  twenty-four  hour  loss.  Ordinarily,  distrib- 
uting or  lighting  transformers  are  considered  as  car- 
rying full-load  continuously  for  four  hours  a  day  and 
no  load  for  twenty  hours,  as  a  basis  for  determining 
the  all-dav  efficiencv. 


♦See  article  by  J.  F.  Peters  in  the  Journal  for  Dec,  191 1, 
p.  1115. 


(To  be  continued) 


The  Journal  Question  Box 

Our  aubscnber)  ur  invited  to  (uc  this  department  A«  a  means  of  lecuring  authentic  ijlfonnatjoa  on  dcctrica]  and  wMwk.i.p-^1  wihiw  li 
The  topic*  thould  be  of  general  interest;  information  involving  the  apcciTK  design  of  individual  p«ccs  of  appanlus  cajuio4  be  — py^^i^^  Car* 
should  be  used  to  include  all  data  necessary  for  an  intelligent  answer. 

A  personal  reply  is  mailed  to  each  questioner  as  v>on  as  the  necessary  information  can  be  secured,  providing  a  ii  If  sililiissul.  stai 
envelope  accompanies  the  query  As  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reasonable  length  of 
should  be  allowed  before  expecting  an  answer. 


I0S4 — Determining  of  Amount  of  Un- 
balancing— (i  i  V  c  II     an     iinbaUiiicci.1 
thrccpliasc  luad,  ted  from  two  trans- 
formers connected  in  open  delta,  hmv 
can  the  method  outlined  l)y  Mr.  C.  H. 
Porter   in   an   article,  entitled.  "Nota- 
tion   lor    Polyphase   Circuits,"    in   the 
Journal    for    September.    '07   be    ap- 
plied    to     show     currents     and     their 
phase  relations  in  these  transformers? 
What   is   the   best   way   of   predicting 
the  amount  of  unbalance  of  secondary 
voltages    and    primary   currents   in   a 
case  of  this  kind?       e,  c.  e.  (Oregon  i 
This  can  best  be  explained  by  assum- 
ing an  unbalanced  load,  such  as  is  given 
in    Fig.    1054   (a),   and   constructing  a 
radial   vector   diagram.   Fig.    1054   (c). 
The    same    notations    and    direction    in 
which  positive  and  negative  angles  are 
measured  will  be  used  as  was  used  in 
the   article   bv    Mr.    C.    H.    Porter,    re- 


nt;. 1054  (a),  (b)  AND  (c) 

ferrcd  to  in  above  question.  Referring 
to  Fig,  1054  (a),  the  load  taken  from 
tlic  open  phase  of  the  delta  is  250  am- 
peres at  80  percent  power-factor;  from 
I)hase  A-P,  150  amperes  at  100  percent 
power- factor;  and  from  phase  B-C,  200 
amperes  at  00  percent  power- factor. 
Assume  the  no  load  voltages  to  be  IJO 
degrees  apart  and  of  equal  magnitude. 
Fig.  1054  (a)  gives  the  phase  relation 
of  the  no-load  voltages  between  lines. 
To  construct  the  vector  diagram.  Fig. 
loSg  (c),  lay  off  the  no-load  voltages 
E'bc.  E'ab  and  E'ca  parallel  to  the  same 
values  in  Fig,  1054  (b)  and  to  some 
convenient  scale  to  represent  their  mag- 
nitude. Then  draw  in  the  load  currents 
I  AB  =  150  amperes  in  pliase  with  E'ab, 
1bc  =  joo  amperes  lagging  2t)  degrees 
(corresponding  to  90  percent  power- 
factor)  behind  E'bc  and  ICA  =  250  am- 
peres lagging  37  degrees  (corresponding 
to  80  percent  power-factor)  behintl 
E'ca.  The  currents  in  line  A.l.  and 
transformer  /  are  equal  and  are  tlie 
resultant  of  Iab  + I.\c  =  Iaai.  as  shown 
in  (c)  (T\c  =  Ica).  This  current 
lags    Oi    degrees    behind    voltage    Eab. 


The  current  in  transformer  .?  is  the  re- 
sultant of  lac  —  IcA  =  Ibc  +  I.\c  =  Ice, 
in  Fig.  1054  (c)  and  leads  the  voltage 
E'hc  by  B;  degrees.  This  gives  the  sec- 
ondary currents  their  phase  relation 
and  magnitude  for  transformers  I  and 
2.  For  all  practical  purposes  the  pri- 
mary currents  are  180  degrees  from  the 
secondary  currents  and  their  magnitude 
is  that  of  the  secondary  times  the  ratio 
of  transformation.  The  secondary  full- 
load  voltages  can  be  obtained  from  Fig. 
1064  (a)  by  drawing  in  the  voltage 
drop  due  to  the  resistance  and  reac- 
tance of  the  transformers  as  follows : 
Considering  transformer  /  which  carries 
the  current  I.aaj,  the  resistance  drop  is 
in  phase  with  the  current  and  is  repre- 
sented by  I.^R.  The  reactance  voltage 
Iax  is  90  degrees  ahead  of  the  current 
as  shown.  The  impedance  voltage  I.\z 
is  the  resultant  of  Iar  and  Ia.x.  The  im- 
pedance Iaz,  subtracted  vectorally  from 
the  no-load  voltage  E'ab  gives  the  full- 
voltage  E.\B.  By  the  same  method  the 
full-load  voltage  E  bc  is  obtained.  The 
full-load  voltage  Ec.-v  across  the  open 
phase  of  the  delta  is  minus  the  result- 
ant of  the  full-load  voltages  Eab  and 
Ebc  as   sliown.  j.  F.  p. 

1055 — Armature  Reaction  ^  .\  r  e  the 
methods  of  calculating  demagnetizing 
and  cross  magnetizing  turns  on 
direct-current  armatures,  given  in 
text  books,  used  by  designers  in 
practice?  p.  c.  (rhohe  island) 

\Vhcre  detailed  calculation  of  arma- 
ture reaction  in  direct-current  machines 
is  desired,  the  numerous  methods  of- 
fered in  te.xt  books  and  periodicals  will 
be  found  generally  satisfactory.  In 
practice,  however,  where  the  engineer's 
time  is  an  important  factor,  resort  to 
any  lengthy  calculation  is  seldom 
necessary.  Test  results  on  a  given  line 
of  machines  give  sufficiently  reliable 
data  on  which  to  predict  action  in  new 
designs.  R.  H.  T. 

1056 — Over-Load  Relay  —  In  cases 
wlicre  over-load  relays  are  used  for 
operating  a  circuit  breaker  with  but 
one  trip  coil,  as  shown  in  Fig. 
1056  (a),  what  happens  to  the  current 
in   the  middle  wire  of   the  secondarv 
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no.  1056  (a) 

system  during  a  three-phase  short- 
circuit  on  the  line?  What  effect  will 
this  condition  have  upon-  the  series 
transformers?  D.  A.  M.  (Ontario) 

Standard  apparatus  requires  the  use 
of  two  trip  coils,  but  the  scheme  shown 
in  Fig.  1056  (a)  would  probably  oper- 
ate with  satisfaction.  Consider  that 
both   relays  have  opened  their  contacts 


on  the  occasion  of  a  three-phase  short- 
circuit  on  the  lines.  No  current  can 
flow  in  the  middle  wire  of  the  sec- 
ondary system,  and  all  current  must 
flow  around  through  the  trip  coil  and 
the  two  transformers  in  series.  This 
would  mean  that  there  would  be  a  large 
component  in  each  transformer,  60  de- 
grees out  of  phase  with  the  normal 
transformer  current,  which  component 
would,  of  course,  run  up  tlie  magnetiza- 
tion of  the  iron  to  a  rather  high  \alue. 

B.  H.  s. 
1057 — Polyphase  Motor  on  Single 
Phase — We  have  a  three-phase 
delta  connected  motor  on  the  hoist  of 
a  ten  ton  crane.  The  operator  was 
hoisting  and  one  fuse  burned  out,  al- 
lowing the  motor  to  run  single-phase. 
When  the  hoist  block  ncared  the  drum 
the  operator,  instead  of  placing  his 
controller  on  center,  reversed  it  and 
the  block  continued  to  hoist  and  broke 
the  cable.  Please  explain  the  cause  of 
t'"S-  w.  H.  M.  (OEtlOl 

-^  single-phase  induction  motor  has 
inherently  no  starting  torque  from  rest 
and  when  once  started  by  external 
means  will  run  equally  well  in  cither  di- 
rection of  rotation,  depending  upon 
which  way  it  is  started.  In  tlie  case  in 
question,  the  motor,  which  was  running 
at  norinal  speed,  continued  to  run  in  the 
same  direction  regardless  of  the  reversal 
of  the  two  leads.  When  one  considers 
that  in  this  case  the  current  supplied  is 
straight  alternating,  1.  e..  simply  reverses 
in  direction,  it  is  evident  that  reversing 
the  two  leads  produces  no  change  in  the 
relations  existing  between  the  direction 
of  the  current  supplied  and  the  coiU 
themselves.  This  can  be  verified  bv 
runriing  any  polyphase  motor  light  and 
pulling  off  one  phase  and  then  reversing 
the  two  remaining  leads.  a.  m.  d. 

1058 — W  attmeter  Indications — I  n 
checking  our  switchboard  indicating 
wattmeters  with  a  portable  indicating 
wattmeter,  we  find  that  as  the  load 
increases  the  reading  of  the  switch- 
board meter  does  not  increase  in  the 
same  proportion  as  that  of  the  non- 
able  meter.  Both  meters  register  cor- 
rect zero  at  no  load  and  the  current 
and  voltage  ratios  are  the  same.  Will 
you  kindly  advise  what  means  can  be 
employed  to  correct  this  discrepancy 
without  taking  all  the  meters  down 
and  shipping  them  to  the  manufactur- 
ers. J.  a.  W.  (CONX.) 

The  portable  and  switchboard  meters 
should  be  connected  with  current  coils  in 
series  and  voltage  coils  in  multiple  on 
the  same  set  of  transformers.  If  their 
readings  are  not  then  in  the  same  pro- 
portion at  ditTercnt  loads,  one  of  them 
must  be  out  of  adjustment.  The  cali- 
bration of  the  portable  meter  should 
then  be  checked.  If  it  is  found  to  be 
correct  the  switchboard  meter  should  be 
adjusted  to  agree  with  it.  H.  B.  T. 

1059 — Cable  Troubles — We  have  had 
trmible  with  tlie  breaking  down  of 
the  insulation  between  the  lead  sheath 
and    the   conductor    on    a   2  300   volt. 
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I  000  000  cir.  mil  lead  covered  cable 
at  the  end  leading  from  the  generator 
to  the  oil  switch.  Will  cable  bells 
placed  at  both  ends  prevent  such 
trouble?  Should  lead  sheath  be 
grounded  on  a  2300  volt,  two-phase, 
three-wire  1000  000  cir.  mil  lead- 
covered  cable  leading  from  a  2  500 
k.\.a.  generator  to  the  busses?  If  so, 
what  size  ground  wire  should  be  used 
and  what  precaution,  if  any,  to  pre- 
vent a  short-circuit  in  case  a  break- 
down occurs  between  conductors  and 
lead   sheaths?  a.  i..  j.  (penn.\.) 

The  use  of  cable  bells  on  both  ends  of 
the  cable  will  probably  eliminate  break- 
downs as  they  are  designed  for  this 
particular  purpose.  Leadsbeaths  such 
as  described  above  should  be 
grounded  with  a  l-o  to  3-0  conductor 
from  tlie  lead  to  ground.  This  size  con- 
ductor will  carry  as  much  current  as 
the  cable  sheath,  temporarily,  and 
sliould  be  sufficient  to  clear  the  difficulty 
by  opening  the  station  circuit  breakers 
without  allowing  any  dangerous  rise  of 
potenti.il  of  the  sheath.  A.  F.  H. 

1060 — Mercury  Arc  Rectifier— Kindly 
give  a  general  method  for  determin- 
ing the  distance  necessary  between 
the  electrodes  in  the  mercury  arc 
rectifier  for  various  voltabes. 

S.  H.  C.  (IND.) 

The  distance  between  electrodes  has 
comparatively  little  to  do  with  the  rec- 
tifying voltage.  Tlie  total  length  of  the 
vapor  path  is  a  considerable  factor  and 
the  cross-section  of  this  path  has  still 
more  to  do  with  the  rectifying  power. 
T'.'o  rule  can  be  given,  as  the  temper- 
ature of  operation,  the  volume  of  the 
vacuum  chamber,  the  amount  of  recti- 
fied current,  the  condition  of  the  mag- 
netic circuit  and  other  factors  all  affect 
the  matter.  See  article  on  "Theory  o^f 
the  Operation  of  Mercury  Rectifiers," 
in  the   Journal  for  June.   1912,  p.   561. 

R.  I'.  J. 

1061 — Starting   Synchronous   Motor — 

Why   is   it   not   possible   in  starting  a 
synchronous     motor     of      say      I  500 
horse-power     to     close     the     starting 
sw^itch,     which     circuit     contains     the 
necessary    resistances    and    then   after 
the    machine    has    attained    its    rated 
speed   close   the.  running   switch    con- 
necting the  motor  directly  to  the  line 
and    then    open    the    starting    switch 
without    damaging   the    switching    ap- 
paratus. H.  E.  M.  (MO.  ) 
If  the  motor  is  started  by  connecting 
it   to  the  line  \oltage   with  a  resistance 
in    series,    which    is    short-circuited    on 
the   running   position,   there   will   be   no 
objection  to  the  above  procedure.     Such 
motors     are,     however,     almost     always 
started    from   low   voltage    taps    on    the 
transformer  secondaries,  and  in  such  a 
case  the  procedure  outlined  above  would 
short-circuit     part     of     the     secondary 
winding,   probably   damaging   the   trans- 
formers, c.  R.  R. 
1062 — Definition — What    relation     ex- 
ists   between    the    British    Board    of 
Trade   watt   and   the   standard   or   in- 
ternational watt,  also  what  is  the  Brit- 
ish   Board   of   Trade    definition    of    a 
horse-power  expressed  in  watts? 

F.  c.  W.  (MICH.") 

The  British  Board  of  Trade  watt  and 

the   standard   or   international   watt   are 

the  same.     The  British  Board  of  Trade 

horse-power  is  equivalent  to  746  watts. 

J.  s.  p. 
1063 — Phasing  Out  Transformers — In 
Fig.   io()3  (a)   is  shown  a  diagram  of 
connections  which  showed  sortie  pecu- 
liar   results    when    the    phasing    tests 


were  made  before  connecting  the  two 
transformers  in  parallel.  Tlie  trans- 
former shown  connected  to  the  bus 
was  in  service,  feeding  over-head  and 
under-ground  lines  which  supply 
small  motor  and  lighting  customers. 
The  customer's  transformers  on 
these  lines  transform  the  voltage 
down  to  2.^0  volts.  The  middle 
points  of  the  low  tension  side  of 
these  transformers  are  grounded  and 
the  customers  receive  power  at  115 
volts,  obtained  between  these  ground- 
ed middle  points  and  either  of  the 
outside  lines.  The  2  300  volt  lines 
are  not  grounded.  The  transformer 
shown  not  connected  to  the  bus  is  a 
new  machine,  and  the  peculiar  condi- 
tions were  found  when  the  phasing 
tests  were  made  before  connecting  this 
transformer  to  the  bus.  In  operation, 
a  regulator  is  used  with  this  trans- 
former, similar  to  the  one  used  with 
the  transformer  already  in  service. 
However,  in  tliis  particular  test,  due  to 
some  trouble  found  in  the  regulator, 
it  had  been  taken  out  of  the  circuit 
altogether.  Denoting  the  lines  com- 
ing from  the  new  transformer  as 
Xt,  Yt,  Zt,  and  the  bus  as  Xi..  V.., 
Zb,  the  following  data  were  obtaine<l : 
Voltmeter  connected  tetween  Volts 


XT  and  Xb 
Yt  and  Vb  ■ 
Zt  and  Zp  . 
Xt  and  ^b  ■ 
Vt  and  Zb 
Yt  and  Xb 
Zt  and  Yp  ■■ 
Xb  and  Yi 


0 
0 
0 
3PS0 
3W0 

3.i-i0 
2200 


Yb  and  Zb  2280 

Xb  and  Zb 2280 

Xt  and  frround 1100 

"^'t  and  grt)und  lOfiO 

Zt  and  ground 1100 

Xb  and  ground    1180 

Yb  ai,d  groun.l 1310 

Zb  and  ground 1410 

It  is  seen  that  apparently  the  two  can 
be  thrown  in  parallel ;  that  is,  that 
the  delta  representing  the  voltages  of 
the  two  seem  to  coincide.  How  is  it  pos- 
sible to  get  such  high  values  of  volt- 
age wdien  taking  the  cross  voltage 
readings,  such  as  Xt  to  Yi,,  Yt  to  Zt, 
etc.  It  is  seen  that  the  voltages  to . 
ground  are  considerably  different  for 
the  transformer  and  the  bus.  The 
voltages  for  the  transformer  are  too 
sinall  to  locate  a  neutral  in  the  cen- 
ter of  the  delta,  while  for  the  bus 
they  are  too  large.  What  is  the  cause 
of  this?  There  is  no  electrical  con- 
nection between  the   transformer  and 

the    bus.  W.  C.  M.  (MICHIGAN) 

The  reason  for  these  apparently  in- 
consistent results  is  that  the  low  ten- 
sion windings  of  both  transformers  are 
insulated    from   ground   and    from    each 


FIG.   1063    (a) 

other.  Under  these  conditions  the  ca- 
pacities of  the  two  secondaries  together 
with  the  switches  to  which  they  are  con- 
nected are  almost  certain  not  to  be  the 
same,  and  therefore  the  voltages  to 
ground  will  not  be  the  same.  In  other 
words,  the  two  secondaries  will  be 
floating  at  different  potentials  above 
ground.  In  order  to  get  consistent  po- 
laritv    measurements,    one    terminal    of 


one  transformer  must  be  connected  to 
the  corresponding  terminal  of  the  other 
transformers:  for  example,  connect 
Zt  to  Zi..  After  this  is  done  the  various 
measurements  across  the  different  term- 
inals will  indicate  at  once  whether  the 
polarity  is  correct,  and  if  it  is  not,  a 
diagram  can  easily  be  made  out  show- 
ing what  changes  will  have  to  be  made 
to  make  the  polarity  right.  See  article 
on  "Determination  of  Polarity  of 
Transformers  for  Parallel  Operation," 
in  the  Journal  for  July,  1912  p.  613. 

W.  M.  M. 

1064 — Idle  Coil  in  Generator  Arma- 
ture— Can  one  conductor  of  a  coil 
be  cut  out  of  a  909  ampere.  550  volt, 
lap  wound  railway  generator  armature 
without  causing  trouble?  The  machine 
has  ten  poles,  about  28  coils  of  three 
conductors  each  per  pole  or  about  84 
commutator  bars  per  pole.  The  two 
"  ends  of  a  conductor  are  joined  to  ad- 
jacent commutator  bars. 

c.  w.  F.  (Ohio) 
A  lap  or  parallel  wound  armature  can 
be  compared  to  several  generators  con- 
nected in  parallel.  The  sets  of  coils  con- 
nected in  series  between  every  pair  of 
brush  arms  form  distinct  generating  cir- 
cuits which  are  all  connected  in  parallel 
between  the  two  brush  stud  busses  of 
opposite  polarity.  When  two  or  more 
generators  are  operating  in  parallel  to 
supply  current  to  a  line  and  the  voltage 
of  any  one  is  reduced,  that  one  tends  to 
motor.  Its  current  reverses  and  flows 
to  the  machine  from  the  others  which 
are  still  operating  as  generators.  Cut- 
ting a  single  coil  out  of  one  of  the  par- 
allel circuits  of  a  direct-current  arma- 
ture reduces  the  induced  voltage  of  that 
circuit,  and  local  current  therefore  flows 
in  from  the  other  higher  voltage  circuits 
just  as  in  the  above  case  of  separate 
machines  operating  in  parallel.  L'nbal- 
ancing  the  armature  circuits  by  cutting 
out  one  coil  in  this  way  will  conse- 
quently set  up  local  currents  which  will 
tend  to  cause  excessive  local  lieating. 
The  condition  is,  therefore,  highly  un- 
desirable and  will  probably  eventually 
lead  to  a  burn-out  in  service.         R.  H.  T. 


CORRECTIONS 

Near  the  bottom  of  page  170.  in  the 
Journal  for  March,  1913,  Ps  =  sec- 
ondary copper  loss,  should  read  "P,  = 
secondary  copper  loss  running  light. 
Near    the    bottom     of    page     180     first 


column    the    expression    Ps  = 


I,^    K,   r^ 


I^  K  r 
should  read  Ps  =  -^^^ — '.  The  ex- 
pression for  iron  loss  which  follows 
the  expression  for  Ps  should  have  the 
same  correction  made  in  the  expression 
for  secondary  copper  loss  running  light. 
That  is.  "4"  in  the  expression  of  Pi 
should  be  changed  to  "2."  In  the  first 
line  under  figure  8.  second  column, 
page  180,  ELi  should  be  EZl.  In  ta- 
ble X.  page  181,  the  formula  for  r.p.m. 
No.  1 1  should  read  as  f '^llows  : 

10^ '  92  1 10* 

X  svn.  r.p.m.  or     1  —  x  syn.  r.p.m 

5  X  10      ■  \  5 

In  the  Journal  for  April,  1914.  p.  22S. 
fourth  line  above  Fig.  4.  "S,"  should 
read  "S;."  After  the  word  "remain"  in 
the  eleventh  line  above  Fig.  7.  p.  229, 
insert  "in  operation.  Each  of  the  relays 
at  I/,  iS  and  /p  should  be  connected 
to  operate  only  when  trouble  occurs  in 
the  macliine  which  it  controls." 
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In  this  issue  are  included  a  number  of 
Editorial  articles  on  subjects  of  a  purely  corn- 
Resume        mercial  nature.    The  contributions  by 

Messrs.  Lloyd,  Burnett,  Perry,  Wea- 
ver and  Jones  present  the  results  of  the  experience  of 
some  of  the  most  enterprising  companies  and  most 
widely  known  men  in  the  industry,  on  a  subject  thai 
is  of  vital  interest  to  every  central  station  man.  Elec- 
trical merchandising,  as  emphasized  by  Mr.  Jones,  has 
passed  beyond  the  stage  of  selling  apparatus  at  cost 
and  relying  upon  the  sale  of  current  for  the  profit.  The 
present-day  electric  shop  is  as  fully  able  to  stand  on 
its  own  feet  as  any  other  department  of  the  company. 
This  policy,  by  permitting  a  fair  profit  to  electrical 
dealers  and  department  stores,  enlists  the  cooperation 
of  these  establishments  in  pushing  the  sale  of  domestic 
power  consuming  devices.  Equally  pronounced  is  the 
modern  tendency  in  pushing  the  sale  of  current.  Eq- 
uitable rates  and  reliable,  continuous  service  are  ad- 
mitted to  be  essentials  which  must  be  available  before 
the  commercial  department  can  be  expected  to  do  con- 
sistent work.  A  careful  study  of  the  needs  of  power 
prospects,  conducted  on  an  engineering  basis  and  with 
the  conclusions  rendered  from  an  unprejudiced  stand- 
point, forms  the  foundation  for  the  solicitation  of 
power  business  with  a  number  of  companies,  and  in 
fact  a  spirit  of  fair  dealing  may  be  taken  as  typical  of 
the  industry  as  a  whole.  This  is  reflected  in  the  work 
of  the  National  Electric  Light  Association  wh'ch, 
through  various  committees,  is  striving  to  keep  in  close 
touch  with  the  general  public,  as  well  as  with  the  Pub- 
lic Service  Commissions,  in  order  to  conserve  the  best 
interests  of  the  whole  industry. 

The  success  of  this  policy  is  attested  by  the  re- 
markable growth  indicated  by  the  advance  census  sta- 
tistics recently  made  available,  which  show  an  increase 
of  252  percent  in  central  station  income  during  the 
ten  years  from  1902  to  1912.  On  the  basis  of  an  aver- 
age increase  of  25  percent  per  annum,  as  represented 
by  the  above  figures,  the  gross  income  for  1914  would 
be  in  excess  of  $450000000.  The  capacitj'  of  genera- 
tors in  1912  was  5  135000  kilowatts,  representing  an 
increase  of  324  percent,  and  the  total  output  from 
these  generators  was  11  503000000  kilowatt-hours,  or 
an  increase  of  358  percent.  This  indicates  an  mcrease 
in  average  station  load  factor  from  23.6  percent  in 
1902  to  25.6  percent  in  1912.  The  total  horse-power 
of  motors  connected  to  central  station  lines  in  1912 


was  4  131  000,  a  truly  remarkable  increase  in  ten  years 
of  843  percent. 

Commercial  features  are  assuming  especial  im- 
portance since  the  development  of  the  various  types 
of  apparatus  has  advanced  to  such  a  point  that  the 
central  station  man  has  only  to  select,  from  the  wide 
variety  of  new  and  improved  apparatus,  that  which 
best  fits  his  individual  needs.  With  respect  to  the 
small  power  consuming  devices  intended  for  general 
use,  such  as  those  treated  in  the  articles  by  Messrs. 
Lester.  Garlits,  Peale,  Carpenter,  Wicker,  Brackett 
and  \\  ible,  this  statement  is  literally  true.  With  re- 
spect to  power  station  and  distributing  apparatus  of 
the  type  treated  by  Messrs.  Hardin  and  Henderson, 
Mahoney,  Reed,  Roosa,  MacGahan  and  Taylor,  no 
small  amount  of  engineering  ability  is  required  in  the 
selection  of  the  most  suitable  apparatus,  although 
practically  all  of  the  apparatus  described  has  been  de- 
veloped to  such  a  condition  of  ruggedness  and  fitness 
for  the  service  intended  that  the  maintenance  costs  are 
reduced  to  a  minimum.  This  is  especially  true  of  the 
watt-hour  demand  meter  described  by  Mr.  Boddie. 

Several  of  the  contributors  to  this  issue  have  em- 
phasized the  supreme  importance  of  reUability  of 
service  and  good  voltage  regulation ;  and  the  skill  and 
thought  necessary  to  the  successful  attainment  of 
these  requisites  is  well  illustrated  in  the  articles  by 
Messrs.  Imlay  and  Jenks,  which  present  features  of 
interest  connected  with  the  operation  of  the  Canadian 
Niagara  Falls  Power  Company  and  the  West  Penn 
Traction  &  Water  Power  Company.  Both  of  these 
systems  have  enviable  reputations  for  continuity  of 
sers'ice  under  exceptionally  severe  operating  condi- 
tions. The  ^^'est  Penn  problem  is  especially  difficult 
in  this  respect  on  account  of  the  wide  area  of  territory' 
covered  with  a  type  of  construction  which,  for  the 
most  part,  is  in  the  nature  of  a  distributing  system 
rather  than  of  especially  designed  transmission  lines. 

A  tv'pe  of  central  station  problem  which  cannot 
be  solved  by  the  purchase  of  apparatus,  but  requires 
rather  the  expenditure  of  gray  matter,  is  illustrated 
by  the  pple  setting  derrick  devised  by  Mr.  LaDue  and 
presented  by  him  in  this  issue  as  a  contribution  to  the 
industr\-.  The  most  prominent  characteristics  of  this 
derrick  are  its  ready  portability,  its  ruggedness,  and 
the  readiness  with  which  the  boom  can  be  shifted  from 
one  side  to  the  other,  or  lowered  when  passing  over- 
head wires. 


The  Work  of  the  National  Electric  Light 

Association  in  1913 

J.  B.  McCall 

President 

National  Electric  Light  Association 

THE  growth  of  the  National  Electric  Light  As-  has    elaborated    a    technical    and    instructive    pro- 

sociation  is  from  about  3  000  in  1909  to  nearly  gramme  of  papers  and  lectures  by  well  known  men, 

14000    in    April,   1914,  the    gain    being    due  available  without  cost  to  any  compan\-  section,  on 

chiefly  to  the  activity  in  recruiting  emploj-ees  into  request.     This  is  being  availed  of  more  and  more. 

Class  B,  and  Company  Section  development.     The  and  bids  fair  to  do  much  in  building  up  old  Company 

Association,  as  nearly  as  can   be  estimated,  reprc-  Sections  and  creating  new  ones.     In  addition  to  en- 

sents  90  percent  or  more  of  the  $2  500  000  000  cap-  couraging  this  educational  work  we  find  that  com- 

ital  in  the  industry,  earning  an  annual  gross  revenue  panics  tend  more  and  more  to  use  the  section  as  a 

of  about  $450000000.  means  of  getting  in  closer  touch    with    their    em- 

The  Association  is   fostering  the  geographical  ployees,  in  a  social  and  friendly  waj-.    The  Company 

or  state  section  idea,  never  invading  a  state  where  Section  is  the  cement  which  binds  together  the  per- 

thcrc  is  an  active  local  association  at  work,  but  seek-  sonnel  of  the  industry. 

ing  to  create  such  bodies  where  non-existent.  It  The  work  of  the  Association  is  evidenced  in 
does,  however,  favor  the  group  geographical  plan —  many  ways,  largely  by  its  literature : — Annual  Con- 
as  in  New  England,  the  Northwestern  and  South-  vention  in  four  volumes  of  Proceedings — 2000 
eastern  Sections — for  two  good  reasons.  One  is  pages;  the  monthly  Bulletin  of  approximately  So 
that  small  and  relatively  weak  state  bodies  are  pages  each  issue,  one  half  of  which  is  Question  Box; 
merged  into  large  and  powerful  groups,  and  that  in  Bulletin  of  its  Rate  Research  Committee,  devoted  to 
some  states  the  financial  policy  of  plant  merger  has  recording  data  on  rates,  regulations,  etc.,  12-16  pages 
gone  so  far  that  only  two  or  three  large  companies  weekly;  Commercial  Digest  of  Commercial  Section, 
at  best  are  left  to  form  a  single  state  section.  The  and  numerous  pamphlets  to  help  the  sales  organi- 
other  reason  is  that  it  is  far  easier  and  better,  there-  zation.  The  Association  files  the  rates  of  several 
fore  more  economic,  for  the  parent  association  to  hundred  member  companies  by  states  and  by  size  of 
deal  with  a  few  large  group  associations  than  with  community  and  distributes  the  data  to  help  member 
thirty  or  fort}'  smaller  ones.  One  obvious  objection  companies  in  arriving  at  equitable  and  fair  local 
to  the  group  plan  is  that  while  the  small  company  tariffs.  The  Association  also  issues  the  ^leterman's 
manager  thus  has  an  association  nearer  to  him  in  Handbook,  containing  i  200  pages,  of  which  several 
some  senses,  he  is  still  without  the  opportunity  to  at-  thousand  copies  have  been  sold;  also  the  electrical 
tend  a  meeting  each  year  in  his  own  state,  as  usu-  Salesman's  Handbook,  now  under  revision  by  the 
ally  the  annual  convention  goes  from  state  to  state  Commercial  Section,  and  of  w-hich  10  000  or  12  000 
each   year,   and   the   distances  are   frequently   quite  copies  have  been  issued. 

considerable.  "Going  to  conventions"  is  a  distinctively  Individual  reports  of  standing  committees  are 
modern  habit,  and  would  not  be  indulged  in  so  uni-  in  constant  demand  throughout  the  year.  The  meter 
versall}-  if  it  were  not  an  educational  factor  that  report  of  1909  is  still  in  demand,  as  well  as  the  over- 
pays. It  is  remarkable,  however,  that  many  owners  head  line  construction  report.  The  Committee  is  about 
and  managers  of  small  companies  never  get  around  to  issue  a  Standard  Overhead  Line  Construction  Hand- 
to  conventions,  although  they  do  embody  the  "get  book  of  about  1  000  pages, 
together"'  "central"  idea  in  their  own  local  work.  The  Association  was  the    first    to    compile    and 

The  Company  Section  idea  is  slowly  pervasive,  analyze  Public  Service  Commission  laws  and  re- 
although  the  fact  that  there  are  still  less  than  fifty  quirements  in  a  volume  covering  Massachusetts, 
such  sections  shows  that  the  benefits  obtained  New  York  and  Wisconsin,  and  is  one  of  the  few  insti- 
therehy  to  companies  and  employees  are  not  as  yet  tutions  filing  the  rulings  and  reports  of  all  such  corn- 
fully  realized.  This  is  emphasized  by  the  fact  that  missions.  It  has  also  printed  and  circulated  the 
one  or  two  company  sections  have  crumbled  away.  Code  for  Electricity  Meters  in  large  numbers  in 
One  of  the  reasons  seems  to  be  the  relatively  short  1913. 

supply  of  local  talent  to  draw  on.  A  company  may  The  Association  organized  the  Resuscitation 
soon  use  up  its  available  material  if  it  has  not  a  from  Shock  Commission  and  has  now  distributed 
very  large  organization,  and  many  of  the  best  men  probably  250000  copies  of  the  chart  and  booklet  em- 
have  neither  the  time,  desire  nor  ability  to  prepare  bodying  rules  laid  down.  This  work  is  now 
papers  or  address  an  audience.  Hence,  during  the  being  supplemented  and  broadened  by  that  of  an 
past  two  years,  the  Association  has  thrown  a  great  Accident  Prevention  Committee,  which  is  issuing 
deal  of  weight  on  its  new  Lecture  Bureau,  w-hich  booklets,  placards,  rules,  recommendations,  etc.,  as 
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to  means  for  orgaiiiziny  station  Coinmitlccs  of 
Safety,  for  preventing  accidents,  for  ensuring  greater 
care  on  high  tension  lines  and  apparatus,  etc. 

During  the  last  few  years  the  Association  has 
experienced  an  exti-aordinary  demand  for  its  litera- 
ture, with  many  inquiries  as  to  its  membership,  from 
abroad.  A  constitutional  amendment  was  made 
this  j'ear  opening  the  membership  and  literature  to 
all  foreign  companies  at  a  flat  rate  of  $20.  Although 
no  official  attention  was  directed  to  this,  21  foreign 
companies  are  now  members,  and  it  is  intended  to 
call  the  attention  of  all  the  larger  companies  to  the 
fact  that  the  privileges  have  thus  been  thrown  open  to 
them  on  a  purely  fraternal  basis. 

Such  matters  as  Accident  Prevention  and  Re- 
suscitation fall  under  the  head  of  Welfare  \\'ork, 
but  there  are  man}^  other  items  which  should  be  in- 
cluded, such  as  Company  Sections,  Lecture  Bureau, 
etc.  The  chief  item,  however,  is  the  work  of  the 
Public  Policy  Committee  in  framing  and  recom- 
mending to  the  member  companies  a  complete  sys- 
tem or  plan  of  sick  relief,  accident  relief,  death  re- 
lief, saving  funds,  long  service  annuities,  profit  shar- 
ing, employee  stockholding,  etc. — all  of  this  being 
the  first  essay  of  the  kind  on  the  part  of  any  such 
large  representative  body  and  anticipating  liberally 
much  of  the  peremptory  legislation  of  the  times. 

It  may  safely  be  claimed  that  at  no  time,  nor  in 
any  respect  has  the  Association  placed  its  member 
companies  in  antagonism  to  recognized  authority, 
although  it  has  often  led  and  cooperated  with  them 
in  opposition  to  measures  and  tendencies  that  were 
deemed  obnoxious  to  the  public  good  or  detrimental 
to  a  service  whose  only  reason  for  existence  is  that 
it  meets  a  public  necessity  and  satisfies  some  of  the 
most  urgent  demands  of  modern  civilization  for 
better  light,  cheaper  power,  greater  safety,  lessened 
manual  labor  and  healthier  homes,  offices  and  facto- 
ries. The  Association  has  prepared  and  standard- 
ized various  definitions,  as  for  instance  the  2  000 
c-p  arc,  has  issued  standard  forms  of  franchise,  stan- 
dard conditions  for  sign  lighting  in  streets,  stan- 
dard line  construction,  etc.  One  of  its  presidents, 
Mr.  Samuel  Insull,  in  an  address  delivered  some 
years  ago,  was  probaljly  the  first  public  utility  man- 
ager to  advocate  regulation ;  and  at  every  stage  the 
Association  has  closely  coojjeratcd  in  every  way  pos- 
sible with  the  Commissions.  At  the  Seattle  Conven- 
tion, in  1912,  every  Public  Service  Commission  on 
the  Coast  was  invited,  and  at  the  Chicago  Conven- 
tion, in  1913,  every  I'ublic  Service  Commission  in 
the  country  was  invited  to  attend  or  send  represen- 
tatives to  participate.  The  United  States  Bureau  of 
Standards  sent  one  of  its  chiefs  to  discuss  electrical 
hazards  and  a  representative  of  that  Bureau  is  an 
active  member  of  the  Accident  Prevention  Commit- 
tee. At  practically  every  convention  of  an  affiliated 
Slate  Section — now  including  more  than  half  the 
country — the    State    Commissioners    are    invited    to 


attend,  and  some  of  them  generally  jjarticipatc. 

In  one  special  direction  the  Association  has 
sought  steadfastly  to  educate  the  public,  viz.,  in  re- 
gard to  municipal  ownership.  The  bedrock  princi- 
ple of  the  National  Electric  Light  Association  has 
been  the  private  operation  of  public  utilities,  and  the 
elimination  of  the  vicious  principle  of  putting  money 
raised  by  taxation  into  intricate,  technical  mercan- 
tile enterprises.  All  the  experience  that  can  be  stud- 
ied in  available  data  justifies  such  a  view,  and  the 
present  reaction  in  Europe  may  be  regarded  as  a 
vindication  of  the  stand  taken  by  the  Association 
since  its  foundation. 

The  Association  during  its  early  years  was  es- 
sentially an  engineering  body.  The  rapid  improve- 
ment in  electrical  apparatus  of  every  nature  and  the 
need  of  the  Association's  members  for  the  most  mod- 
ernly  equipped  generating  and  distributing  systems, 
compelled  betterments  of  various  nature  in  rapid 
and  swift  succession,  the  result  being  that  the  com- 
panies themselves  were  forced  to  carry  a  heavy 
financial  burden  because  of  expensive  obsolescence. 
These  rapid  changes  are  going  on  even  today,  and 
in  no  other  industry  does  this  same  item  of  obso- 
lescence attain  such  proportions  or  wear  such  a  serious 
aspect.  Association  member  companies,  however, 
have  never  tried  to  evade  or  postpone  the  invest- 
ments necessary  to  meet  the  new  conditions  as  the 
art  advanced.  They  have,  on  the  contrary,  cooper- 
ated in  every  movement  toward  perfection  in  elec- 
trical equipment  of  every  nature.  Long  before  the 
general  public  was  interested  in  underground  wiiV'S 
the  Association  offered  a  gold  medal  for  the  best 
paper  on  the  subject.  With  various  engineering 
bodies  in  all  fields  it  has  joined  hands  to  secure 
higher  engineering  ideals,  and  at  this  very  moment 
is  an  active  sharer  in  the  efTorts  to  secure  a  higher 
standardization  of  electrical  apparatus.  On  all  its 
engineering  committees,  representatives  serve  from 
professional  engineering  societies  and  from  manu- 
facturing companies,  thus  ensuring  a  mutual  under- 
standing directed  to  the  common  good ;  but  it  must 
be  clearly  understood  that  the  Association  protects 
the  interests  of  what  is  undoubtedly  the  largest 
gr(.)up  in  the  world  of  the  purchasers  of  electrical 
machinery.  ap]>aratus  and  sui)plies. 

The  -Vssociation  has  done  more  perhaps  than  any 
organization  of  its  kind  to  establish  and  maintain  the 
market  \alue  of  electrical  securities,  and  protect  the 
interests  of  the  investor  by  fighting  "raiding,"  piracy, 
and  competition  of  an  unnecessary  character,  by  in- 
sisting on  the  essential  monopoly  of  the  service,  sub- 
ject to  proper  control  and  regulation.  Time  and 
again  the  spokesmen  of  the  Association  have  voiced 
this  axiom.  Time  and  again  they  have  wamed  against 
inflated  securities,  while  insisting  on  the  rates  that 
could  bring  into  the  industry  the  new  capital  con- 
stantly needed.  The  matter  of  just  and  equitable 
rates  is  a  leading  question  of  the  day,  and  vital   to 
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central  station  enterprise.  The  Association  has,  through 
all  the  "conservation"  movement,  endeavored  to  give  it 
a  constructive  form.  Three  years  ago  it  summoned  a 
conference  on  the  subject  when  for  the  first  time  in 
the  presence  of  the  then  Secretary  of  the  Interior,  Mr. 
Walter  Fisher,  voice  was  given  to  the  aims  and  ob- 
jects of  the  Association  for  the  common  good.  The 
hydro-electric  section  has  steadily  bent  its  efforts  in 
this  direction  of  "use"  of  energy  from  water  now 
flowing  idly  to  the  sea.  The  Association  has  done  all 
it  could  to  help  in  the  protection  of  forest  areas,  and 
natural  watersheds,  has  advocated  the  indeterminate 
franchise,  inviting  and  protecting  capital,  and  has 
gladly  cooperated  with  everj'  other  national  society 
having  kindred  objects. 

Two  of  the  newer  directions  in  which  the  Associ- 
ation has  bent  its  energies  during  1913-14  has  been  to 
cultivate  closer  intimacy  between  the  colleges  and 
universities  of  the  country  and  the  central  station  in- 


dustry. A  new  committee  under  the  chairmanship  of 
Mr.  John  F.  Gilchrist  is  dealing  with  this  subject,  and 
there  is  every  indication  that  its  work  will  be  pro- 
ductive of  benefit,  both  in  bringing  the  professor  and 
the  student  into  direct  relations  with  the  central  sta- 
tion and  enabling  the  central  station  president  or 
manager  to  present  before  the  classes  in  college  a 
sane  view  of  economic  conditions  that  control  the 
problems  under  which  the  electric  lighting  industry 
has  to  be  carried  forward.  The  other  latest  item  of 
importance  just  referred  to  is  the  effort  of  the  Associ- 
ation to  interest  its  members  in  a  larger  use  of  the 
electric  vehicle  by  the  postoffice  department.  In  this 
work  it  has  worked  side  by  side  with  the  Electric 
Vehicle  Association  in  a  country-wide  campaign,  and 
has  invited  the  cooperation  of  every  member  com- 
pany to  see  that,  particularly  in  regard  to  the  parcel 
post  system,  the  government  "does  it  electrically." 


EJ'ERY  PUBLIC  SERVICE  POWER  COMPANY  operating  in  a  progressive  commu- 
nity is  in  a  position  to  realise  the  necessity  for  the  most  advanced  commercial  methods  for  in- 
creasing  business.  The  folloiving  five  articles,  by  zuell-known  central  station  men,  i'ldicate  some 
of  the  methods  of  load  building  which  have  been  found  most  effective  in  their  particular  com- 


munities. 


Load  Building  in  Large  Cities 


FUNDAMENTALLY  I  think  it  is  absolutely  es- 
sential to  the  success  of  any  central  station 
sales  organization  that  they  have  a  good  rate 
system  to  work  with.  It  is  necessary  that  the  em- 
ploj-es  of  a  sales  department  have  confidence  in  the 
product  their  company  offers  to  the  public.  No  sales- 
man is  capable  of  closing  business  unless  he  believes 
that  the  article  he  has  to  sell  is  good  as  well  as  rea- 
sonable in  price. 

Next  in  order  comes  reliability  of  service.  No 
matter  how  able  a  salesman  you  may  have  or  how 
good  your  rate  system  may  be,  if  your  service  is  bad 
you  will  not  accomplish  the  best  results. 

The  company  having  seen  to  it  that  these  two 
important  items  have  been  well  arranged,  it  becomes 
necessan,',  in  a  large  company,  to  have  a  sales  organi- 
zation sufficiently  diversified  in  its  make-up  to  handle 
a  great  many  different  schemes  for  getting  new  busi- 
ness. Formerly  in  a  large  community  it  was  consid- 
ered advisable  to  have  the  city  cut  into  districts  for 
power  and  light  only,  having  men  put  in  these  districts 
to  handle  these  two  branches  of  the  business  and,  in 
addition  to  these  district  men,  a  very  few  general  men 
for  handling  special  propositions.  As  time  went  on 
it  became  evident  that  the  central  station  companies 
must  secure  larger  and  larger  business  as  their  rates 
reduced.  This  necessitated  the  hiring  of  more  capable 
men  to  work  in  districts.  Residential  business  in 
the  larger  cities  is  not  difficult  to  secure  where  the 


E.  W.  Lloyd 

General  Contract  Agent 

Commonwealth  Edison  Company,  Chicago,  111. 

companies'  lines  are  freely  installed.  Lowering  rates 
and  highly  efficient  incandescent  lamps  have  contrib- 
uted to  this  result,  so  that  the  district  salesman  is  com- 
pelled to  transfer  his  energies  to  other  classes  of  busi- 
ness that  are  not  so  easy  to  secure. 

Today  in  the  up-to-date  large  company  the  work 
of  getting  new  business  is  becoming  xery  highly  spe- 
cialized. Experts  on  large  business  handle  a  few  in- 
dustries, and  by  so  doing  become  highly  proficient  in 
presenting  central  station  propositions  to  customers. 
These  specialists  are  divided  into  small  lighting  sales- 
men, large  lighting  salesmen,  small  power  salesmen, 
large  power  salesmen,  sign  salesmen,  rental  equipment 
salesmen,  il'uminating  engineers,  merchandise  sales- 
men, etc.  Other  men  are  developed  to  handle  office 
building  and  similar  business,  who  understand  thor- 
oughly the  mechanical  and  lighting  equipment  of  such 
buildings,  consumption  of  energ}'  required  by  the  dif- 
ferent apparatus  in  the  building,  etc.  Taking  it  alto- 
gether, the  men  doing  the  more  important  work  re- 
quire some  technical  education,  either  secured  through 
a  universitj-  or  in  some  other  manner.  The  grade  of 
men  employed  as  salesmen  today  is  much  higher  than 
it  was  a  few  jxars  ago,  and  I  believe  that  the  future 
salesman  will  be  required  to  be  a  better  all-round  man 
than  even  the  most  efficient  central  station  salesman 
of  the  present  day. 

The  commercial  end  of  the  central  station  busi- 
ness has  come  into  its  own  within  the  last  few  years, 
and  ever\-one  realizes  the  importance  of  a  well  organ- 
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ized  highly  technical  sales  machine.    Such  a  machine 
spells  success  to  the  central  station  employing  it. 

.Supplementing  the  work  of  the  sales  organiza- 
tion I  might  add  that  of  the  advertising  department. 
The  work  of  these  two  departments  is  necessarily 
very  close  together.     Advertising  in  the  daily  press, 


local  publications  of  value,  illuminated  bill-boards, 
street  cars  and  circular  letters  add  very  materially  to 
the  work  of  the  sales  department.  In  fact,  in  the  large 
central  station  the  amount  of  money  spent  on  judicious 
advertising  can  approach  the  amount  of  money  spent 
for  salesmen's  salaries  with  good  results. 


Building  Big  Business 

Douglass  Burnett 

Manager  Commercial  Department 

Consolidated  Gas,  Electric  Light  &  Power  Company,  Baltimore,  Md. 

THIS  ARTICLE  OUTLINES  lite  different  phases  of  a  modern  central  station  company's  com- 
mercial activities,  all  of  which  must  receive  due  recognition,  exploitation  and  encouragement  on  the  par: 
of  the  financial  and  managerial  authorities  who  have  the  responsibility  of  providing  the  means  whereby 
the  business  may  be  conducted,  and  who  will  reap  their  share  of  advantages,  not  only  from  the  profit 
zchich  zi'ill  result  from  a  healthy,  growing  industry,  but  in  the  sense  of  having  fully  and  well  performed 
their  duties  in  the  development  of  their  local  commiinilics. 


AT  the  outset  we  assume  that  the  central  station 
and  its  distribution  system  has  been  estab- 
lished to  serve  the  electrical  needs  of  tlie 
community.  The  first  requisite  in  building  up  a  busi- 
ness is  a  system  of  carefully  prepared  and  explicitly 
stated  rates  to  meet  the  varying  service  conditions. 

RATES 

The  commercial  rate  schedules  of  the  company 
must  be  made  up  ba.sically  of  the  following  items: — 

/ — Rates  for  transient  or  temporary  service  for 
occasional  requirements.  These  rates  are  for  such 
.<;hort-term  uses  as  the  supply  of  fan  service  during 
the  warm  weather  season,  for  summer  cottages,  for 
amusement  parks,  for  temporary  decorative  illumina- 
tion during  times  of  celebration,  for  houses  tempo- 
rarily served  during  periods  of  display  in  order  to  in- 
terest new  tenants  or  purchasers,  old  houses  wired  and 
in  the  hands  of  real  estate  agents,  stores  occupied  dur- 
ing temporary  sales  seasons,  as  for  the  Christmas  holi- 
days. 

^ — Rates  for  the  ordinary  run  of  small  commer- 
cial requirements,  constituting  the  service  to  a  large 
majority  of  central  station  customers,  usually  for  de- 
mands of  §0  kilozivtts  and  under  for  both  lighting  and 
power.  These  rates  are  for  the  usual  run  of  resi- 
dences, places  of  business  and  small  manufacturing 
service  to  individual  tenants  of  ordinary  buildings,  and 
are  intended  to  apply  to  the  permanent  lighting  and 
power  requirements  of  the  occupants  of  ordinary 
properties.  Specific  provisions  must  be  made  under 
this  class  of  rates  for  such  special  service  as  is  repre- 
sented by  the  charging  of  automobiles  during  night 
hours,  and  the  supply  of  customers  using  the  major 
portion  of  the  service  at  times  outside  of  the  station 
peak  hours  on  days  at  any  time  of  the  year  or  espe- 
cially during  the  summer  time  when  the  station  peak 
does  not  occur.  Modifications  of  these  rates  in  the 
shape  of  separate  or  subsidiary  schedules  must  be  pro- 
vided to  care  for  those  classes  of  business  where  the 
service  may  readily  be  controlled  and  operated  during 
predetermined  hours  of  use,  such  as  electric  signs  and 


building  display  lighting,  the  rates  being,  in  such  cases, 
greater  than  the  usual  meter  rates  by  an  allowance  cov- 
ering the  cost  of  patrol  service,  the  delivery,  installa- 
tion, inspection  and  maintenance  of  lamps  and  lamp 
renewals  by  the  central  station,  rather  than  by  tlie  cus- 
tomer, and  the  installation  and  use  of  any  special 
equipment,  such  as  master-key  switches,  time  switches, 
flashers  and  the  like.  The  usual  rates  for  the  retail 
service  must  provide  for  the  differentiation  between 
lighting  service,  wherein  the  use  of  current  is  depend- 
ent upon  the  number  of  hours  per  year  of  artificial 
daylight  depending  upon  the  sun,  and  the  use  of  power 
which  is  usually  required  at  all  times,  during  fixed 
working  hours  throughout  the  year.  These  rates  may 
be  so  devised  and  fixed  tliat  these  different  lighting 
and  power  requirements  can  and  will  be  cared  for 
from  the  same  service  and  meter  connections  and  from 
the  same  meter,  involving,  however,  differences  in  the 
rates  which  encourage  the  use  of  the  long-hour,  steady 
power  service  which  offers  low  production  cost  ad- 
vantages to  the  central  station.  These  rates  may  be 
coupled  with  provisions  as  to  the  extent  to  which  the 
company  will  make  investment  in  extensions  of  its  dis- 
tribution system  to  supply  desirable  business  on  the 
basis  which  is  outlined  in  the  schedules. 

5 — Rates  for  industrial  sen^ice  with  demands  of, 
say  50  kilowatts  and  over,  for  customers  using  service 
from  the  general  distribution  system  of  the  company, 
and  hence  using  the  ordinary  classes  of  serzice  avail- 
able through  the  territory.  These  rates  must  provide 
for  both  lighting  and  power  service,  since  factories 
must  be  equipped  so  that  they  may  operate  during  the 
set  working  hours  common  to  the  industry,  irre- 
spective of  the  presence  or  absence  of  natural  day- 
light. These  rates  must  be  so  fixed  and  determined  as 
to  properly  care  for  the  ordinary  lighting  require- 
ments, with  the  resulting  usual  low  load  factor,  in  such 
a  way  as  to  not  interfere  with  the  application  of  the  low 
rates  earned  by  the  power  installation  operating  dur- 
ing the  fixed  hours,  which  latter  are  largely  independ- 
ent of  the  season  of  the  year.     Ample  inducement 
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must  be  offered  in  the  rates  to  encourage  the  use  of 
overtime  service  to  the  maximum  possible  extent,  with 
the  intention  of  securing  the  highest  possible  load 
factor.  These  rates  must  also  be  such  as  to  permit 
companies  using  three-phase  service  for  feeder  dis- 
tribution and  single-phase  service  for  house-to-house 
distribution,  to  enable  the  bringing  of  the  three-phase 
service  for  large  motors  from  the  feeder  point  to  the 
customer's  premises  on  proper  terms,  and  to  provide 
also  for  the  supply  of  the  special  and  extra  trans- 
former, meter  and  service  equipment,  necessary  to 
provide  for  the  three-phase  service  to  the  power  in- 
stallation. These  and  the  following  industrial  sched- 
ules must  necessarily  eliminate  any  care  of  the  cus- 
tomer's installation,  or  any  furnishing  of  any  part  of 
the  equipment  utilizing  the  service,  or  renewals  there- 
for, such  as  the  incandescent  lamp  equipment  or  re- 
newals, arc  lamps  and  their  care,  or  any  inspection  or 
maintenance  of  the  power  equipment. 

,/ — Rates  for  industrial  service  n'hen  supplied 
from  the  high-tension  system  of  the  company.  These 
rates  should  differ  from  the  preceding  industrial  rates 
to  the  extent  represented  by  the  saving  in  investment 
in  distribution  system  and,  owing  to  the  special  char- 
acter of  all  equipment  used  for  the  supply  of  these 
customers,  should  be  such  as  to  encourage  the  use  of 
electric  power  industrially  with  the  highest  possible 
load  factor,  with  the  intention  of  approaching  as 
nearly  as  possible  to  a  continuous  load  throughout  the 
24  hours  of  every  day  in  the  year. 

5 — Rates  for  industrial  service  zchcn  supplied 
without  distribution  investment  on  the  part  of  the 
company.  These  rates  must  differ  from  the  preceding 
rates  to  the  extent  of  eliminating  the  return  on  the  in- 
vestment in  all  distribution  equipment  of  any  charac- 
ter, and  should  provide  an  adequate  return  on  the  in- 
vestment and  operation  from  a  generating  standpoint 
onlv,  leaving  all  distribution  and  maintenance  to  be 
provided  for  independently  of  the  rates  by  the  cus- 
tomer or  by  separate  charges  to  the  customer. 

THE  COMMERCI.\L  DEP.\RTMEN"T 

Having  established  an  adequate  set  of  schedules 
of  rates  for  the  service,  the  second  requisite  to  the 
growth  of  the  business  is  the  establishment  of  a  com- 
mercial department.  This  department  nuist  be  ade- 
quately organized  to  promote,  by  advertising  and  by 
personal  solicitation  on  the  part  of  salespeople  special- 
izing on  their  own  branches  of  the  work,  the  use  by 
the  different  classes  of  customers  of  the  different 
classes  of  equipment  that  will  utilize  the  service,  and 
to  promote  in  every  waj'  satisfaction  with  the  use  of 
the  service.  The  commercial  department  must  be 
organized  into  sub-departments  for  the  sale  of  power 
and  of  light  and  for  attention  to  questions  of  general 
service,  for  advertising  and  for  maintenance  of  stores 
and  offices  for  the  conduct  of  the  work  with  customers. 

As  one  feature  of  the  commercial  department,  the 
industrial  power  department  must  be  formed  to  sell 
power,  to  study  possible  new  business  among  all  lines 


of  industries,  to  promote  and  encourage  the  establish- 
ment of  new  industries,  to  assist  and  advise  with  cus- 
tomers as  to  the  proper  equipment  to  meet  their  in- 
dustrial requirements,  and  to  specify  and  oversee  the 
correct  installations  for  utilizing  the  electric  power 
sold  under  the  industrial  schedules. 

The  smaller  classes  of  business,  such  as  residences 
and  stores,  must  be  adequately  exploited  by  advertis- 
ing and   personal   solicitation,   and  the  same  plan  of 
advising  the  customers  as  to  the  equipment  to  be  used 
and  cooperating  with  the  customer  in  devising,  pur- 
chasing and  installing  the  equipment  to  the  smallest 
detail  must  be  prosecuted  as  is  true  in  the  case  of  in- 
dustrial service.     Here  we  find  some  radical  improve- 
ments in  central  station  exploitation  in  the  develop- 
ment of  the  past  few  years  where  merchandising  plans 
have  been  adopted  by  lighting  companies  intended  to 
acquaint  customers  with  and  to  secure  the  use  by  cus- 
tomers of  all  classes  of  current-using  equipment,  in- 
cluding wiring,  fixtures,  appliances  and  small  motors. 
The  conduct  of  the  work  of  the  selling  and  engi- 
neering organization  of   the  commercial   department, 
working  with  the  prospective  customers  to  the  end  of 
having  the  customers  install  standard  electrical  equip- 
ment of  all  kinds,  must  be  supplemented  by  adequate 
plans  and  methods  for  determining  upon  the  identity 
of  possible  users  of  the  service.    An  industrial  survey, 
showing  the  possible  uses  of  electric  power  in  all  exist- 
ing manufacturing  establishments  should  be  made  by 
the  industrial  power  department  to  tlie  end  that  the 
power   requirements   of   all   customers   not  using  the 
ser\'ice  of  the  central  station  will  be  made,  and  that 
standard  equipment  needed  for  the  use  of  power  by 
them,  may  be  known,  estimated  upon,  sold,  installed 
and  used.     Likewise,  it  is  important  that  every  oc- 
cupied   building,   representing  a  desirable    customer, 
should  be  sought  out,  made  known  and  canvassed,  and 
its  electrical  needs  laid  before  the  occupant  in  an  ef- 
fective and  satisfactory  manner  to  the  end  that  such 
equipment  will  be  recommended  to  him,  sold,  installed 
and  used.     Likewise,  it  is  equally  necessary  that  ade- 
quate provision  Ije  made  for  the  installation  by  owners 
of   new   buildings,   and    for   the   specification   by   the 
architects   for   such  owners,   of   the  proper  electrical 
equipment    for    such    buildings,  and   a    carefully  pre- 
pared plan  of  canvassing  for  and  selling  the  necessary 
equipment  for  such  buildings  miist  be  worked  out  and 
conducted  by  those  who  assume  the  responsibility  to 
produce  new  business  among  this  class  of  users. 

Parallel  with  all  of  this,  an  industrial  survey  of 
the  supply  and  demand  of  goods  of  local  manufacture 
and  use  is  desirable  in  order  to  determine  the  varia- 
tions in  supply  and  demand,  and  the  relations  between 
them.  The  purpose  of  this  survey  is  to  learn  whether 
the  local  consumption  of  manufactured  goods  is  ade- 
quately measured  up  to  by  the  local  manufacturing 
facilities  for  such  goods ;  likewise,  to  determine  where 
there  is  a  local  manufactured  surplus  of  such  goods 
that  may  be  advantageously  disposed  of  outside  the 
community  itself,  and  steps  must  be  taken  by  some 
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organization  to  tiiul  a  foreign  market  for  such  goods. 
Such  an  industrial  survey  leads  to  a  clearer  under- 
standing of  the  iiossibilities  in  the  way  of  local  manu- 
facturing and  opens  the  way  to  a  means  whereby  such 
facilities  can  be  established. 

For  the  further  encouragement  of  home  indus- 
tries, it  has  been  found  advisable,  in  certain  cases,  to 
provide  industrial  buildings  in  which  small  manufac- 
turers may  rent  space  without  the  necessity  of  capital 
investment  in  real  estate,  buildings  and  certain 
branches  of  sujiplying  equipment  which  may  be  used 
in  common.  Such  industrial  building  facilities  best 
serve  their  purposes  when  so  conducted  that  there  will 
be  accepted  as  tenants  only  those  who  require  more 
than  a  certain  minimum  amount  of  space  and  less  than 
a  certain  maximum  amount  of  space,  so  that  when  the 
manufacturer's  business  has  grown  to  a  certain  point. 
he  may  take  his  full  responsibilities  of  establishing 
himself  in  his  own  quarters  as  a  permanent  manufac- 
turing enterprise  of  the  community. 

This,  in  brief,  covers  the  whole  scope  of  the  work 
of  the  commercial  organization  for  the  promotion  of 
central  station  business,  and  in  those  cases  where  a 
systematically  developed  plan  for  conducting  the  busi- 
ness along  these  lines  has  been  established,  the  results 
in  the  way  of  efficient  conduct  of  the  work  have  been 
truly  remarkable.  The  best  results  have  been  secured 
where  special  attention  along  the  above  lines  has  been 
directed  to  the  development  of  those  classes  of  busi- 
ness where  the  most  favorable  conditions  apply.  For 
instance,  some  central  stations  have  found  it  advisable 
to  make  current  monthly  analyses  of  their  output  and 
station  generating  conditions  to  the  end  that  the  best 
diversity  factor  will  result  from  the  new  business  se- 
cured, as  well  as  the  best  load  factor,  and  cases  have 
been  known  where,  as  a  result  of  thorough  intensive 
work,  the  load  factor  on  central  station  systems  has 
been  increased  from  a  figure  of  the  order  of  25  per- 
cent to  a  figure  of  the  order  of  50  percent  annually, 
and  where  the  daily  load  factors  have  risen  to  some 
70  percent  without  considering  the  supply  of  such 
large  units  of  power  as  are  represented  by  the  local 
traction  systems.  In  these  cases,  the  current  supply 
has  been  entirely  to  the  individual  persons,  firms  and 
corporations  doing  businc^^s  in  the  cnniniunity.  rather 


than  [)ublic  service  corporations  and  street  railways. 

GOOD    SERVICE 

Finally,  the  third  recjuisite  is  good  service,  and 
here  is  the  special  field  of  the  construction  and  opera- 
tion engineer.  All  the  work  of  the  commercial  de- 
partment will  be  undermined,  if  the  service  is  not 
maintained  at  the  highest  standards.  A  well-meaning, 
courteous,  prompt  and  efficient  set  of  men  having  to 
do  with  the  extension  of  lines  and  the  connection  of 
new  customers,  the  setting,  testing  and  reading  of 
meters  and  repairing  of  line  trouble  is  just  as  neces- 
sary as  proper  attention  to  the  maintenance  of  unin- 
terrupted current  supply  and  good  voltage  regulation 
on  the  lines.  Regular  inspections  of  physical  and  volt- 
age conditions  on  the  lines  must  be  made,  and  atten- 
tion must  be  given  to  the  adoption  and  enforcement 
of  proper  rules  for  standard  electrical  equipment,  of 
service  and  meter  wiring,  as  well  as  customer's  wiring, 
looking  to  good,  workman-like  and  safe  construction. 

SU.MM.\I<V 

While  this  short  review  is  not  intended  to.  and 
probably  will  not,  give  glowing  and  interesting  illus- 
trations of  the  working  out  of  these  policies,  yet  it  is 
of  the  greatest  and  deepest  importance  to  the  develop- 
ment of  our  central  station  industry  that,  in  any  case 
the  work  of  the  central  station  be  carefully  planned, 
organized  and  carried  out  along  these  lines.  Specific 
variations  due  to  local  conditions  or  due  to  the  judg- 
ment and  opinion  of  those  locally  responsible  are  to 
be  considered  and  are  quite  permissible.  Owing  to 
special  natural  resources  in  a  certain  community,  or 
the  large  development  of  certain  special  classes  of  cus- 
tomers, it  is  to  be  expected  that  the  special  needs  of 
such  local  developments  will  be  reflected  either  in  a 
large  development  along  particular  lines  or  in  special 
well-equipped  organizations  for  the  exploitation  of 
particular  classes  of  service.  Thus,  we  find  some  cen- 
tral stations  in  the  mining  territory  will  supply  the 
major  part  of  their  service  for  mining  requirements, 
and  in  Western  sections  of  the  countrj-,  irrigation  will 
be  a  prominent  feature  of  the  company's  work.  In 
others  farming  and  in  still  others  general  urban  con- 
ditions, consisting  more  or  less  of  large  local  manufac- 
turing interests,  office  buildings  and  residential  senice 
are  the  features. 


Securing  Power  Business 

L.  P.  Perry 

Power  Engineer 

The  Narragansett  Electric  Lighting  Company 


TIIF-  Narragansett  Electric  Lighting  Company 
has  found  that  its  most  successful  efforts  in  se- 
curing additional  power  customers  have  been 
at  times  when  isolated  plants  are  about  to  renew  boil- 
ers or  engines,  or  will  require  additional  equii)ment, 
or  have  been  experiencing  unpleasant  relations  with 
incompetent  plant  operators. 


This  company  serves  a  territory  of  about  300000 
population,  including  wonderfully  diversified  indus- 
tries. The  so-called  "power-prospects"  are  very  nu- 
merous and  it  is  customary  to  center  efforts  on  such 
business  as  will  be  the  most  easily  secured,  as  other- 
wise a  great  deal  of  time  and  expense  could  be  indis- 
criminatelv  wasted.    There  comes  a  time  in  the  histor\' 
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of  every  plant  when  conditions  are  most  favorable 
for  substituting  central  station  power. 

All  prospective  power  users  are  catalogued  with 
an  entry  against  each,  showing  the  business,  the 
horse-power  involved,  and  the  power  engineer  who  has 
worked  upon  this  prospect.  In  another  file  arc  kept 
abstracts  of  all  conversations,  copies  of  all  letters  and 
all  data  having  to  do  with  prospective  customers.  In 
this  manner  transactions  for  five  or  ten  years  past 
may  be  reviewed. 

The  business  is  secured  with  the  least  possible 
amount  of  work.  If  it  is  possible  to  close  a  contract 
through  salesmanship  and  conversation  alone,  it  is 
done.  Otherwise,  a  letter  is  submitted  covering  the 
situation.  If,  as  is  frequently  the  case,  the  isolated 
plant  owner  has  no  interest  in  central  station  power, 
it  is  at  first  possible  to  do  no  more  than  to  secure  per- 
mission to  make  an  extensive  examination  of  the  plant, 
the  report  of  which  is  submitted,  carefully  bound  in 


leather.  The  leather  cover  frequently  has  an  effect. 
Obviously  it  is  inappropriate  to  present  a  report  cost- 
ing the  lighting  company  from  $50  to  five  hundred 
dollars  in  an  unattractive  paper  binder.  If  this  report 
does  not  secure  the  contract  it  is  usually  to  be  found 
in  a  conspicuous  place  on  the  plant  owner's  desk  for 
several  years  after,  for  it  has  become  his  authority  on 
his  power  plant.  When  conditions  have  changed  this 
report  reminds  him  to  telephone  for  the  lighting  com- 
pany's power  expert. 

A  stock  of  several  carloads  of  motors  in  sizes  up 
to  100  horse-power  enables  the  handling  of  emergen- 
cies with  dispatch.  Motors  are  sold  on  a  year's  trial 
when  the  company  is  confident  that  the  installation  will 
become  permanent. 

The  foregoing  policies  ha\e  secured  about  12  000 
horse-power  of  new  business  in  the  past  four  years, 
during  which  time  engine  salesmen  have  practically 
abandoned  activities  in  Providence. 


Methods  of  Load  Building 

Gordon  Weaver 

Power  Sales  Manager 

Kansas  City  Electric  Light  Company 


CENTRAL  STATION  LOADS  are  seldom,  if 
ever,  successfully  built  with  the  new  additions 
secured  during  a  strenuous  new  business  cam- 
paign, but  the  business  secured  later  as  a  result  of 
such  a  campaign  frequently  is  both  desirable  and 
profitable.  In  other  words,  it  is  the  quality  of  the  load 
rather  than  the  quantity  that  measures  the  desirability 
of  new  business  from  a  central  station  standpoint. 

The  careful  training  of  salesmen  we  have  found 
to  be  essential  for  successful  load  building.  Sales- 
men who  believe  that  the  methods  of  their  company 
are  fair  and  that  the  rates  for  service  are  just  and 
equitable  are  the  very  best  kind  of  load  builders.  I 
believe  that  if  central  station  companies  would  spend 
more  time  convincing  their  salesmen  that  their  rates 
were  just,  and  insisting  on  an  honest  and  straightfor- 
ward policy,  and  less  time  in  canvassing  and  soliciting 
new  business,  the  results  would  be  infinitely  better. 

Approximately  85  percent  of  the  contracts  for 
power  in  Kansas  City  are  made  with  customers  who 
inquire  at  the  office  either  in  person  or  by  telephone. 
The  other  15  percent  of  the  contracts  can  be  traced 
either  directly  or  indirectly  to  soliciting  done  by  men 
in  the  Power  Sales  Department.  When  an  inquiry 
comes  into  the  office  from  a  prospective  power  cus- 
tomer it  frequently  takes  a  very  capable  man  to  make 
a  customer  out  of  the  inquirer.  We  find  that  courte- 
ous treatment  and  tact,  mixed  with  a  little  engineering, 
judiciously  applied,  will  make  customers  out  of  more 
than  95  percent  of  the  inquirers. 

The  system  in   general  employed  in   the   Power 


districts  with  a  salesman  in  charge  of  each  district. 
It  is  the  business  of  every  man  to  know  personally 
someone  connected  in  a  responsible  way  with  every 
isolated  plant  in  his  territory,  regardless  of  the  size 
of  the  plant.  A  large  percentage  of  customers  who 
change  over  to  electric  service  from  isolated  plants 
are  those  who  call  up  the  salesmen  in  charge  of  their 
district  for  assistance  in  an  emergency  until  some  re- 
pairs can  be  made.  In  cases  of  this  kind  we  endeavor 
to  give  prompt  service  and  use  every  effort  to  see  that 
they  are  operating  with  electric  service  in  the  shortest 
possible  time.  Very  few  installations  of  this  sort  are 
ever  taken  out. 

W^e  have  in  connection  with  our  Power  Sales  De- 
partment a  capable  engineering  staff  who  make  en- 
gine tests  and  advise  in  regard  to  improving  methods 
of  drive  and  other  ways  of  increasing  the  operating  ef- 
ficiency of  the  plant.  This  work  is  done  gratis,  and 
while  it  often  does  not  have  any  perceptible  effect  im- 
mediately, we  frequently  find  that  a  prospective  cus- 
tomer who  has  had  an  engine  test  made  on  his  plant 
and  a  set  of  our  plans  made  up,  will  install  electric 
drive  and  purchase  his  energy  from  the  central  station 
whenever  any  changes  are  made  in  his  factory. 

W^e  have  been  particularly  fortunate  in  securing 
the  business  of  every  brick  plant  operating  in  the  city 
limits,  and  a  number  of  the  larger  packing  houses. 
This  business,  I  believe,  was  secured  on  account  of 
the  inoffensive  aggressiveness  of  our  representatives, 
the  investigations  and  tests  made  on  these  plants,  and 
the  fact  that  someone  in  authority  connected  with  the 


Sales  Department  of  the  Kansas  City  Electric  Light     manufacturing  concerns  knew  personally  one  or  more 
Company  is  the  following :— The  city  is  divided  into      members  of  the  Power  Sales  Department. 


Merchandising  Methods  for  the  Sale  of 

Apphances 


T.  1.  Jones, 

General  Sales  Agent, 

The  Brooklyn  Edison  Company 


THE  MOST  EFFECTIVE  modern  methods  by 
which  progressive  central  stations  sell  and  en- 
courage the  sale  of  electrical  appliances  are  all 
embodied  and  included  in  one  word — "merchandis- 
ing." The  day  has  passed  when  the  central  station 
felt  that  it  was  wise  to  look  upon  the  sale  of  appliances 
purely  from  the  standpoint  of  additional  current  con- 
sumption. The  result  of  operating  appliance  depart- 
ments on  a  modern  merchandising  basis  has  been  so 
gratifying  that  there  is  no  doubt  as  to  its  permanency. 
The  successful  central  station  to-day  merchan- 
dises appliances  much  as  a  department  store  might. 
It  buys  at  the  lowest  price,  takes  into  consideration 
every  element  of  cost  which  enters  into  the  doing  of 
business,  and  bases  its  price  to  the  public  on  the  cost 
of  the  appliance  plus  the  cost  of  doing  business,  with 
the  addition  of  a  liberal  profit ;  high  enough,  in  fact, 
to  permit  of  special  sales  at  a  reduced  price;  high 
enough  to  encourage  the  development  of  appliance 
sales  by  contractors  and  supply  dealers. 


The  proper  merchandising  method  includes  the 
ise  of  the  right  kind  of  advertising,  attractive  window 
displays  (frequently  changed),  and  a  live  selling  or- 
ganization capable  of  initiating  and  carrj^ing  out  in- 
genious and  effective  sales  plans. 

In  Brooklyn,  the  plan  of  having  a  special  sale 
each  month  has  proven  verj-  successful.  The  appli- 
ance chosen  for  sale  is  purchased  in  quantities  at  as 
low  a  figure  as  possible  and  is  advertised  at  a  price 
which,  though  lower  than  list,  still  permits  of  liberal 
profit.  The  use  of  return  post  cards,  such  as  those 
illustrated  herewith,  has  been  found  unusually  ef- 
fective in  these  campaigns,  and  these  are  enclosed  in 
envelopes  with  the  monthly  bills  to  residences  and 
stores.  By  this  method  alone  more  than  i  300  irons 
were  sold  in  one  month,  700  grills  in  another,  while 
during  the  month  of  February  of  this  year  more  than 
500  vacuum  cleaners  were  sold  by  mail  at  a  satisfac- 
tory retail  price. 
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FIG.  I — OBVERSE  SIDE  OF  RETURM  POST 
CARn  ADVERTISING  A  SPECIAL  VAC- 
UUM  CLEANER  SALE 
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FIG.  2 — REVERSE  SIDE  OF  CARD  SHOWN 
IN  FIG.  I  ;  THESE  CARDS  ARE  PRINTED 
IN   RED  AND  BLACK 
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Some  Special  Features  of  The  Canadian  Niagara 

Power  Company's  Plant 

L.  E.  Imlay, 

Superintendent, 
The  Niagara  Falls  Power  Company 

FOREWORD — /  have  been  requested  to  write  an  account  of  the  pozver  pUmt  and  equipment  of  the 
Canadian  Niagara  Poifcr  Company  at  Niagara  halls,  Ontario.  I  realise  that  the  description  of  a  power 
house,  ufith  the  enumeration  of  the  number  and  sice  of  various  items  of  equipment,  and  the  names  of  the 
manufacturers,  is  very  dry  reading.  I  propose,  therefore,  after  giving  a  very  brief  outline  of  the  history 
and  main  physical  features  of  the  plant  to  confine  myself  to  the  special  features  of  the  plant  -u'hich  have 
been  worked  out  by  our  engineers  after  e.vtended  experience  of  several  years  in  operation  and  mainten- 
ance of  the  initial  portion  of  this  company's  equipment  and  of  the  plant  of  The  Niagara  falls  Power 
Company  on  the  American  side  of  the  river. 


THE  construction  of  the  Canadian  Niagara  Power 
Company's  plant  was  begun  in  1901  and  the 
first  commercial  service  was  delivered  from  it 
in  1905.  The  plans  provided  for  a  building  590  feet 
long  by  no  feet  wide,  with  eleven  vertical  generating 
units.  The  initial  installation  consisted  of  three 
10  000  horse-power,  Francis  type,  vertical  double  run- 
ner turbines  connected  to  12000  volt,  25  cycle,  three 
phase  generators  of  like  capacity.  This  was  followed 
almost  innnediately  by  tw^o  more  units  of  the  same  size. 
In  1910  a  12  500  horse-power  double  turbine  unit  was 
installed  and  during  1913  a  second  unit  of  the  same 
size  was  installed.   These  latter  units  are  each  equipped 


L'pper  Arch  Bridge  to  the  plant  of  The  Niagara  Falls 
Power  Company.  Two  cables  are  regarded  as  one 
feeder  and  are  connected  to  one  set  of  feeder  switches ; 
thus  seven  feeder  switch  equipments  are  required  for 
this  part  of  the  service.  There  are  sixteen  3/0,  three- 
conductor  cables  extending  from  the  power  house 
through  Queen  Victoria  Park  to  the  step-up  trans- 
former plant,  which  is  on  the  hill  about  one-quarter 
of  a  mile  from  the  power  house.  Eight  feeder  switch 
equipments  are  required  for  this  part  of  the  service. 
The  total  output  of  the  power  plant,  consisting  of  ap- 
proximately 75  000  horse-power,  is  therefore  con- 
trolled by  fifteen  feeder  switch  equipments. 


FIG.    I — t.XTtKIOK     VIKW    UF    FuWhk    HoL  .--K,    s H i HV 1 -\ l.  (iIIIlI,   a;-L^  Cu.NikijL  ROOM   STRUCTURE 


with  two  distinct  Francis  turbines  on  the  same  shaft, 
having  separate  wheel  cases  and  separate  draft  tubes. 
The  total  installed  capacity  at  the  present  time  is, 
therefore,  75  000  horse-power.  Elevations  of  the 
10  000  and  12  500  horse-power  units  are  shown  in  Fig. 
2.  The  power  house  is  completed  to  its  projected  size, 
and  foundations  for  four  more  units  have  been  pre- 
pared. Fig.  3  is  a  view  of  the  interior  of  the  plant 
at  the  present  time.  The  general  plan  of  the  w  heelpit 
and  discharge  tunnel  is  the  same  as  that  of  The  Niag- 
ara Falls  Power  Company  on  the  American  side  of  the 
river. 

The  feeder  installation  consists  of  thirteen  11  000 
volt,  3/0,  three-conductor  cables  extending  from  the 
power  house  through  Queen  Victoria  Park  across  tlie 


At  the  time  the  first  units  were  installed  a  switch 
control  board  was  provided  on  the  main  floor  of  what 
is  now  the  north  end  of  the  power  house,  this  being  the 
only  available  location  for  it.  When  the  second  half 
of  the  installation  was  undertaken,  studies  were  made 
for  a  control  equipment  for  the  entire  plant,  to  be  lo- 
cated in  the  center  of  the  power  house.  This  location 
for  the  control  board,  while  answering  most  require- 
ments, had  three  objections ;  first,  there  would  be  seri- 
ous congestion  of  conduits  for  control  cables  at  the 
center  of  the  plant  where  the  floor  space  was  already 
occupied  by  motor-generator  exciters ;  second,  the 
noise  on  the  main  floor ;  and  third,  the;  high  tempera- 
ture experienced  in  the  summer  season.  The  heat  ra- 
diated by  such  a  large  capacity  in  generators  in  a  single 
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room  of  llie  size  above  indicated  is  something  to  be  i  is  an  outside  view  showing  the  architectural  features 

reckoned  with.     It  was,  therefore,  decided  that  the  finally  evolved.     In  order  that  the  offices  adjacent  to 

best  place  for  the  control   room  was  outside  of  the  the  control  room  should  not  constitute  a  fire  hazard,  no 

power  house  proper.    The  forebay  roof  on  the  side  of  combustible  material  was  employed  in  the  building. ' 

the  building  facing  the  Falls  seemed  to  be  the  most.  A  ventilating  system   for  the  office  and  control 

feasible  location.    To  carry  this  out  required  careful  room  was  provided  consisting  of  an  air  washer,  blower 


FlC.    2— ELEVATION    OF   THE    10  OOO   .\ND    12  jOO    HORSE-rOW 

study  and  design,  as  it  was  very  important  that  any  al- 
teration in  or  addition  to  the  original  plans  should  not 
detract  from  the  appearance  of  the  building.  In  study- 
ing the  architectural  requirements  it  was  found  neces- 
sary to  erect  a  structure  much  larger  than  that  reciuired 
to  house  the  control  room  and  it  was  decided  to  incor- 
porate an  office  building  in  the  projected  addition.  Fig. 


ER  UNITS  OF  THE  C\N.\I)I.\N   NIAG.\R.\  POWER  COMPANY 

and  exhauster.  The  windows  are  used  only  for  letting 
in  daylight  as  the  provision  for  circulation  of  air  is  in- 
dependent of  them.  For  circulation  in  the  summer  time 
air  is  obtained  from  outside  the  building,  but  in  winter 
a  supply  of  warm  air  is  drawn  from  the  main  power 
house  just  underneath  the  roof.  So  far  as  the  writer 
is  aware,  this  is  the  first  use  which    has    ever   been 
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made  of  the  waste  heat  from  electric  generators.  Ex- 
perience has  shown  that  a  comfortable  temperature  can 
be  maintained  in  winter  with  this  waste  heat  without 
assistance  from  any  other  source,  except  in  the  very 
coldest  weather.     Electric  heaters  are  installed  in  a 


/ 

,,tffliiWJ 

.1  <•'»'***■  Jflil,^ 

,:|lfSfi!iiii|U 

A\ 

111 
.  Ill 

III  m 

_"'      ■•'8 

'■  '  JAi«:r^^K       -^^^ 

m 

rap 

^^ 

1      'i 

m 

jk. 

I       A 

FIG.   3 — INTEklOk   VIEW   OF   PLANT 

chamber  in  the  air  supply  pipe,  which  are  turned  on 
during  the  few  days  when  additional  heat  is  needed. 

In  the  control  room  is  located  a  double  35-panel 
switchboard  arranged  in  the  form  of  a  semi-ellipse. 
A  portion  of  this  board  is  shown  in  Fig.  4.  The  desk 
of  the  electrician-in-charge  is  located  in  such  a  position 
that  w'hen  seated  at  it  he  can  face  almost  directly  any 
of  the  switchboard  panels.  The  feeder,  generator  and 
bus  junction  control  panels  are  arranged  in  the  order 
in  which  the  corresponding  switches  are  located  in  the 
power  house. 

There  are  two  groups  of  oil  switches  on  the  power 
house  floor  mounted  directly  over  a  subway  which 
runs  the  full  length  of  the  power  house  and  contains 
the  main  bus-bars.  Eight  sets  of  bus-bars  are  provided 
with  bus  junction  switches  for  connecting  adjacent 
ends  of  the  sections.  In  addition  to  this,  cables  with 
bus  junction  switches  connect  the  bus-bars  at  the  ex- 
treme north  and  south  ends  of  the  power  house,  thus 
forming  a  ring  system.  In  emergency  a  generating 
unit  from  one  end  of  the  power  house  can  be  used  to 
supply  energy  to  a  bus-bar  at  the  other  end  of  the 
power  house.  Great  flexibility  in  combination  of  gen- 
erators is  thus  obtained,  which  experience  indicates  is 
justified  in  order  to  secure  the  highest  efficiency  of 
the  plant. 

Each  generator  is  provided  with  two  non-autn- 
matic  oil  selector  switches  so  that  it  may  be  connected 
to  either  or  both  of  two  sets  of  bus-bars.  Each  feeder 
is  provided  with  three  oil  switches.  Two  of  these  are 
arranged  as  selector  switches  with  respect  to  the  bus- 
bars and  the  third  or  main  switch  is  connected  to  the 
middle  point  of  the  others.  The  selector  sw-itches  are 
connected  to  the  bus-bars  through  disconnecting 
switches  in  the  usual  manner.  The  main  feeder  switch 
is  shunted  through  a  grid  resistance  of  about  2.5  ohms 
and  is  the  only  one  of  the  three  which  is  automatic. 
Fig.  5  shows  a  diagram  of  the  generator  and  feeder 
connections.    In  case  of  a  short-circuit  in  a  feeder  the 


resistance  switch  opens,  cutting  into  circuit  the  grid 
resistance  which  reduces  the  current  to  about  4000 
amperes.  When  the  resistance  switch  has  opened  an 
electrical  contact  is  made  which  closes  the  operating 
circuits  on  the  selector  switch  or  switches,  which  then 
make  the  final  break  in  the  circuit.  Since  the  duty  of 
rupturing  currents  resulting  from  short-circuits  has 
been  reduced  to  4  000  amperes,  no  trouble  whatever 
has  been  experienced  with  these  switches.  All  oil 
switches,  whether  on  generator  or  feeder  circuits,  are 
designed  to  carry  continuously  the  current  which  may 
be  expected  when  12000  horse-power  is  being  deliv- 
ered at  12  000  volts. 

There  are  seven  telephone  stations  on  the  power 
house  floor  and  in  the  main  subway  directly  connected 
to  a  telephone  in  the  control  room.  In  case  the  op- 
erator in  the  control  room  wishes  to  communicate  with 
an  attendant  on  the  power  house  floor  a  whistle  is 
blown  and  the  attendant  goes  to  the  nearest  telephone 
booth.  A  different  number  of  blasts  of  the  whistle 
is  used  to  indicate  the  particular  attendant  desired.  In 
case  the  attendant  on  the  power  house  floor  or  subway 
desires  to  communicate  with  the  operator  in  the  control 
room,  the  call  is  made  in  the  usual  way  with  a  magneto 
telephone.  This  method  of  communication  has  proven 
to  be  entirely  adequate  for  every  occasion.  The  cost 
of  the  equipment  was  but  a  small  fraction  of  the  esti- 
mated cost  of  some  of  the  elaborate  signaling  systems 
proposed. 

In  order  to  provide  against  excessive  damage 
from  short-circuits  all  the  generators  are  regularly  ex- 
cited from  induction  motor-driven  exciter  generators. 
The  induction  motor-generator  exciter  sets  are  each 
driven  from  the  battery  of  generators  which  they  ex- 
cite. Experience  has  shown  that  with  this  arrange- 
ment of  excitation  but  little  damage  results  to  the  lines 


FIG.   4 — PORTION   OF   SEMI-ELLIPTIC.^L,    35    PANEL    MAIN 
COXFROL  BOARD 

or  cables  involved  in  short-circuits,  as  the  induction 
motors  quickly  slow  down  under  the  reduced  line  volt- 
age and  this  in  turn  reduces  the  direct-current  exciter 
voltage.  Turbine-driven  exciters  are  provided  so  that 
current  is  readily  obtained  for  starting  in  case  the 
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entire  plant  should  be  shut  down.  Energy  at  i  1  000 
volts  is  also  available  from  the  American  plant  for 
starting  the  motor-generator  exciter  sets  in  case  of  a 
complete  shut  down.  Still  further  a  storage  battery 
has  been  provided  which  has  sufficient  capacity  to  ex- 
cite a  generator  long  enough  to  start  one  of  the  motor- 
generator  sets. 

To  provide  a  positive  means  of  sliutting  off  all 
energy  in  case  of  emergency,  such  as  a  breakdown  in 
the  armature  of  one  of  the  main  generators,  an  emer- 
gency switch  equipment  has  been  provided  with  con- 
nections so  arranged  that  the  operator  in  the  control 
room,  by  closing  a  small  switch,  can  instantly  open  the 
field  circuits  of  all  of  the  alternators  connected  in  one 
group.  This  emergency  switch  arrangement  has  been 
used  for  a  number  of  years  in  the  plant  of  The  Niag- 
ara Falls  Power  Company.  In  the  Canadian  plant, 
however,  the  emergency  device  has  been  so  arranged, 
in  connection  with  the  control  switches  on  the  emer- 
gency switchboard,  that  when  a  generator  is  connected 
to  a  bus-bar  the  emergency  switch  connection  is  made 
at  the  same  time.  This  grouping  of  the  emergency 
field  tripping  devices  to  correspond  with  the  grouping 
of  the  generators  is  entirely  automatic  and  positive  and 

B^,Bar- requires    no    selec- 

'.  '-  tive   action  on   the 

part  of  the  opera- 
tors. 

A  60  cell  stor- 
age battery  has 
been  installed 
which  is  capable  of 
delivering  i  000 
amperes  for  five 
minutes,  400  am- 
peres for  twenty 
minutes,  or  50  amperes  for  eight  hours.  This  storage 
battery  is  provided  with  a  switching  device  which  di- 
vides the  cells  into  two  equal  sections  for  charging. 
In  case  the  voltage  on  the  direct-current  system  falls 
below  100  the  storage  battery  is  automatically  detached 
from  the  charging  system  and  the  two  halves  con- 
nected in  series.  This  storage  battery  is  connected 
to  supply  a  few  lights  in  the  control  room,  power 
house,  subways,  and  wheelpits,  so  that,  in  case  the 
entire  plant  were  shut  down,  sufficient  light  would  be 
furnished  for  the  attendants  to  find  their  way  around 
the  plant.  It  also  supplies  energy  for  operating  the 
head  gates  and  electrically-operated  switches.  The 
battery  has  sufficient  capacity  to  close  all  of  the  head 
gates  and  operate  all  the  switches  simultaneously. 

A  graphic  recording  watt-meter  has  been  pro- 
vided for  measuring  the  entire  output  of  the  plant. 
This  meter  is  built  with  eleven  actuating  elements,  one 
for  each  generator.  Seven  of  these  are  already  in 
service  with  four  elements  ready  for  additional  units 
when  installed.  The  actuating  elements  are  con- 
structed on  the  dynamometer  principle  and  are  enter- 
gized  by  series  and  shunt  transformers  connected  to 
the  leads  from  each  generator.     Consequently  when- 
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-DIAGRAM   OF  GENERATOR   AND 
FEEDER  CONNECTIONS 


ever  a  generator  is  delivering  energy,  no  matter  what 
the  frequency  or  voltage  or  whether  paralleled  witii 
other  generators  or  not,  the  output  is  included  in  the 
registration  on  the  graphic  chart.  The  paper  chart  is 
18  inches  wide  and  the  instrument  is  calibrated  to  re- 
cord up  to  100  000  kilowatts.  The  chart  and  recording 
mechanism  are  driven  by  a  special  direct-current  mo- 
tor operated  from  a  storage  battery.  A  complete 
graphic  record  of  the  output  of  the  plant  is  thus  ob- 
tained. This  record  furnishes  a  valuable  check  on 
reports  of  trouble  as  reported  by  operators.  Frequent- 
ly the  story  told  by  the  graphic  chart  enables  one  to 
trace  out  the  cause  of  trouble  and  the  sequence  of 
happenings  which  would  be  inexplicable  from  the  re- 
ports received  from  other  sources. 

A  safety  device  to  prevent  mistakes  in  operating 
disconnecting  switches  has  been  devised  which  may 
be  of  interest.  The  switches  are  mounted  in  brick  cell 
compartments,  each  of  which  is  closed  in  front  with 
an  asbestos  door.  The  doors  are  arranged  in  groups 
of  three  and  are  provided  with  electric  spring  locks, 
the  three  locks  of  each  group  being  in  series.  The 
doors  can  be  unlocked  only  by  special  long  break  push 
switches  located  on  the  control  panels  of  the  main 
switchboard.  The  doors  normally  remain  locked. 
When  switching  is  to  be  done  the  electrician-in-charge 
issues  the  necessary  instructions  to  his  assistant  and 
then  pushes  the  button  which  controls  the  doors  to  the 
compartments  containing  the  switches  concerned.  The 
doors  on  being  unlocked  swing  partly  open.  If  the 
compartment  doors  which  the  assistant  finds  open  are 
not  those  indicated  in  his  instructions,  no  switches  are 
thrown  by  the  assistant  operator  until  the  matter  has 
been  straightened  out.  Of  course  there  is  no  absolute 
safeguard  against  mistakes  in  switching,  but  this  ar- 
rangement makes  it  necessary  for  two  men  to  make 
the  same  mistake,  a  thing  highly  improbable,  before  an 
error  in  switching  can  be  made. 

In  the  design  of  this  plant  the  idea  constantly  kept 
in  view  was  that  of  simplicity.  In  these  times  when 
the  fertile  minds  of  engineers  have  devised  and  built 
almost  every  conceivable  instrument  and  device  for 
power  plant  equipment,  it  is  difficult  to  resist  the  temp- 
tation to  incorporate  them  in  the  design  and  to  install 
them.  In  a  very  large  plant  the  operating  features 
must  be  simplified  as  much  as  possible  if  continuous 
service  is  to  be  secured  or  even  closely  approximated 
In  the  case  under  consideration  a  large  amount  of  en- 
ergy used  for  power  purposes  is  generated  and  de- 
livered in  bulk  in  large  units.  The  distribution  of  this 
energy-  presents  problems  arising  from  magnitude 
rather  than  from  multiplicity  of  details.  The  load  is 
unusually  constant  and  involves  a  minimum  amount  of 
switching  so  that  one  switchboard  attendant  can  look 
after  the  entire  plant.  All  of  these  conditions  making 
for  simplified  treatment  were  taken  advantage  of  to 
the  fullest  extent.  The  equipment  has  been  reduced 
to  its  lowest  terms  and,  I  believe,  in  an  unusual  degree 
for  an  installation  of  this  character,  combines  simplic- 
itv  and  flexibilitv. 


Large  Incandescent  Lighting  Units 


SINCE  the  advent  of  the  incandescent  lamp  there 
have  been  continuous  developments  which  have 
resulted  in  better  efficiencies  and  better  lamps 
of  large  as  well  as  small  wattage  ratings  to  meet  the 
commercial  requirements  of  the  times.  \\'ith  the  re- 
duction in  the  energy  required  per  candle-power  has 
come  the  tendency  to  use  increasingly  greater  intensi- 
ties of  illumination.  The  larger  sizes  of  lamps  have 
always  proved  most  efficient  while  the  small  sizes  have 
met  the  requirements  for  lighting  small  rooms,  indi- 
vidual desks,  etc.  During  the  period  when  the  carbon 
lamp  monopolized  the  incandescent  lighting  field,  indi- 
vidual units  absorbed  usually  from  fifty  to  one  hun- 
hundred  and  fifty  watts,  practically  all  of  which  was 
dissipated  as  heat.    Less  than  five  percent  of  the  energ>' 


FIC.    I — REL.VTIVE    SIZES    OF    A    500    VV,\TT   VACUUM    LAMP     (lEFT) 
AND   A    I  000  W.^TT   NITROGEN   FILLED   LAMP    (rIGHT) 

was  radiated  as  light.  In  the  development  of  the 
metal  filament  lamp  it  was  found  possible  and  com- 
mercially practicable  to  construct  lamps  having  watt- 
age ratings  of  400  and  500  watts.  A  few  lamps  of 
even  higher  ratings  were  developed,  but  owing  to  un- 
gainly size  they  were  never  of  special  commercial  im- 
portance. Large  bulbs  were  found  to  be  essential  for 
these  lamps  in  order  that  a  satisfactory  life  might  be 
obtained  without  excessive  blackening  caused  by  the 
evaporation  of  the  filament  and  the  deposition  of  the 
metal  particles  on  the  inner  surface  of  the  bulb.  With 
a  large  bulb  the  metallic  deposit  is  thinner  after  a 
given  number  of  hours  burning  than  with  a  small  bulb. 
The  blackening  was  therefore  the  determining  factor 
in  the  selection  of  the  size  of  bulb  for  a  lamp. 


A.  R.  Bennington, 

In  Charge  of  Lamp  Development, 
Westinghouse  Lamp  Company 

In  the  latest  type  of  incandescent  lamp  the  fila- 
ment is  not  heated  in  a  vacuum,  but  in  an  atmosphere 
of  inert  gas,  such  as  nitrogen.  Special  care  is  exer- 
cised to  provide  a  gas  which  is  free  from  moisture  or 
any  element  wliich  can  combine  with  the  filament. 
The  filament  can  be  brought  to  a  higher  temperature 
in  the  atmosphere  of  gas  than  in  a  vacuum  without 
excessive  evaporation  of  the  metal  taking  place,  and 
hence  under  certain  conditions  it  is  possible  to  pro- 
duce a  highly  efficient  source  of  light.  The  introduc- 
tion of  gas  into  the  bulb  of  a  lamp  is  in  some  respects 
a  disadvantage,  as  it  tends  to  coo!  the  filament  by  car- 
rying the  heat  away  on  the  convection  currents  which 
are  set  up.  Owing  to  this  effect  small  filaments,  which 
have  comparati\ely  greater  surface  areas  than  large 
filaments,  are  cooled  so  effectively  by  the  gas  that  a 
much  greater  expenditure  of  energy'  is  necessary  to 
maintain  a  given  temperature  than  in  a  vacuum.  A 
gas  filled  incandescent  lamp  of  high  efficiency  there- 
fore requires  a  large  filament,  the  surface  of  which 
exposed  effectively  to  the  cooling  currents  of  the  gas 
is  further  reduced  by  coiling  the  wire  on  a  mandrel 
slightly  larger  than  its  own  diameter.  In  this  way  the 
total  heat  developed  in  the  filament  by  the  passage  of 
the  electric  current  is  localized  and  raises  the  tem- 
perature to  such  a  degree  that  an  extremely  brilliant 
light  is  obtained.  Large  filaments  require  large  cur- 
rents to  heat  them  and  hence  the  gas  filled  lamp  is 
specially  adapted  for  large  units.  Because  of  the  re- 
duction in  the  evaporation  of  the  filament  and  also 
because  of  the  fact  that  any  metallic  particles  are 
carried  up  by  the  convection  currents  and  deposited 
in  the  upper  part  of  the  bulb  out  of  line  of  the  useful 
light  rays  it  is  possible  to  use  much  smaller  bulbs  than 
for  vacuum  lamps  of  equal  power  input.  The  relative 
sizes  of  a  500  watt  vacuum  lamp  and  a  i  000  watt 
nitrogen  filled  lamp  are  shown  in  Fig.  i.  The  use  of 
gas  in  the  bulb  permits  the  expenditure  of  double  the 
energy  of  the  vacuum  lamp  in  a  smaller  bulb.  How- 
ever, the  neck  of  the  bulb  of  the  gas  filled  lamp  is  ex- 
tended so  as  to  form  a  cooling  chamber  and  also  to 
allow  the  base  and  socket  to  be  kept  as  far  away  from 
the  filament  as  practicable. 

The  production  of  light  by  the  expenditure  of 
electric  energv  is  a  result  of  the  development  of  heat 
in  the  material  carrying  the  current.  The  greater  the 
heat  which  can  be  developed  in  a  filament  of  given 
dimensions    the  greater   the   temperature   and   conse- 
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quently  the  {^ruaicr  the  light  per  unit  of  power.  Only 
a  small  amount  of  power,  probably  less  than  five  per- 
cent of  the  energ}'  supplied  to  a  vacuum  lamp  of  large 
size  or  less  than  ten  percent  of  the  energy  supplied  to 
the  most  efficient  type  of  gas  filled  lamp,  is  radiated 
as  light,  the  remainder  being  dissipated  as  heat. 


FIG.    2 — DI.\GRAM    SHOWING    DIRECTION    OF    CONVECTION    CURRENTS 
OF  GAS   IN   A   GAS-FILI-ED   BULB 

Heat  is  given  off  from  the  filament  of  a  vacuum 
lamp  in  the  following  ways : — by  conduction  through 
the  leading-in  wires,  anchors,  glass  arbor  and  stem  to 
the  base  and  the  bulb ;  by  radiation  from  the  filament 
through  the  vacuum  surrounding  it  to  the  bulb  which 
is  in  turn  cooled  by  the  air  currents.  The  transfer  of 
heat  from  the  filament  to  the  whole  surface  of  the 
bulb  is  fairly  uniform  and  no  part  of  the  bulb  gets 
excessively  warm.  If  the  lamp  is  burning  in  a  pen- 
dant position,  as  is  usually  the  case  with  large  units, 
the  base  may  be  at  a  somewhat  higher  temperature 
than  the  lower  part  of  the  bulb  becau.se  of  the  con- 
vection currents  in  the  air  surrounding  the  lamp  and 
also  because  of  the  PR  loss  in  the  contacts  between 
the  base  and  socket. 

The  conditions  resulting  from  the  filling  of  the 
lamp  bulb  with  nitrogen  or  other  inert  gas  are  in  some 
respects  widely  different  from  those  outlined  for  a 
vacuum  lamp.  The  filament  is  more  concentrated  and 
the  heat  radiation  is  in  straight  lines  from  this  point. 
Heat  is  also  dissipated  by  conduction  through  the 
gas,  leading-in  wires  and  stem,  these  two  effects  being 
similar  to  the  corresponding  one  in  vacuum  lamps. 
However,  the  conduction  effect  is  greater  in  the  latter 
case  because  of  the  gas  acting  as  a  conductor  of  heat. 
The  most  noticeable  ettect  of  the  gas  in  transferring 
heat  from  the  tilament  is  due  to  the  convection  cur- 
rents set  up  within  the  bull).  These  convection  cur- 
rents, as  indicated  by  the  arrows  in  Fig.  2,  rise  ver- 
tically from  the  filament  and  this  current  of  hot  gas  is 
cooled  by  contact  with  the  bulb.  As  the  gas  is  cooled 
it  increases  in  density  and  flows  down  near  the  inner 
surface  of  the  bulb  to  a  region  below  the  filament 
from  which  it  again  rises  through  the  source  of  heat, 
thus  completing  a  cycle.  The  heating  effects  of  the 
convection  currents  are  very  noticeable  near  the  fila- 
ment. Any  metal  sujiport  which  comes  directly  above 
a  section  of  heated  filament  is  raised  to  a  much  higher 


temperature  than  a  support  which  is  offset  ^•J  .l^  ij  ^^ 
out  of  a  vertical  plane  through  the  filament.  The  ef- 
ficiency of  the  lamp  may  also  be  made  to  vary  widely 
by  changing  the  position  of  the  filament  so  as  to  af- 
ford a  greater  or  less  cooling  by  means  of  the  convec- 
tion currents.  For  example,  in  Fig.  3,  where  the  coiled 
filament  is  in  a  horizontal  position  there  will  be  pro- 
duced a  convection  current  which  will  bring  cool  gas 
to  all  parts  of  the  coil  and  hence  an  e.Kcessive  amount 
of  energ)'  is  carried  away  in  this  manner.  Since  the 
horizontal  position  of  the  coil  gives  the  greatest  ex- 
posure to  the  convection  currents  the  efficiency  will 
be  the  least  for  a  given  current  through  the  fila- 
ment. With  a  coil  placed  in  a  vertical  position, 
Fig.  4,  the  area  exposed  to  the  convection  currents 
is  a  minimum  and  hence  the  best  efficiency  will  be 
obtained.  In  this  case  the  current  of  cool  gas  rises 
along  the  coil  and  carries  the  heat  from  turn  to  turn. 
The  temperature  of  the  gas  current  increases  with  the 
distance  it  rises  along  the  coil  and  consequently  the 
cooling  effect  is  reduced.  I-ong  vertical  coils  will 
have  comparatively  less  cooling  than  short  ones  from 
the  gas  and  also  from  the  leading  in  wires  and  con- 
sequently will  operate  at  better  eft'iciencies.  As  the 
current  of  gas  rises  above  the  filament  it  diffuses  to 
some  extent,  but  carries  considerable  heat  to  a  com- 
paratively small  area  at  the  top  of  the  bulb.  Pendant 
lamps  allow  the  current  of  heated  gas  to  strike  in- 
side the  base  and  unless  proper  precautions  are  taken 
the  base  and  socket  may  reach  a  temperature  high 
enough  to  cause  deterioration  of  the  cement  which 
holds  the  base  to  the  lamp,  melt  the  wax  used  in  the 
socket  to  fill  up  the  screw  holes,  melt  the  solder  which 
connects  the  terminal  wires  of  the  lamp  to  the  base 
and  seriously  increase  the  fire  risk.  For  this  reason 
proper  precautions  should  be  taken  to  assure  thorough 


FIG.     3 — INEFFICIENT     HORIZONTAL     .\RRANGEMENT     OF     FIUKMEST 

GIVING  MAXIMV.M   E.KPOSCRE   TO  .\1R  CCRRENTS 

FIG.  4 — VERTICAL  FILAMENT  LAMP  WITH    MINIMUM    EXPOSLTtE  TO 

CONVECTION   CURRENTS 

ventilation  of  shades,  reflectors  and  enclosing  globes 
used  with  lamps  of  high  wattage. 

The  neck  of  the  bulb  of  a  large  lamp  is  some- 
times obstructed  by  a  mica  disk  A,  Fig.  i.  placed  a 
distance  of  one  or  two  inches  from  the  base.  The 
convection  currents  from  the  filament  rise  only  to 
the  disk,  then  cool  and  descend.     In  the  space  above 
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the  disk  local  convection  currents  of  low  velocity  are 
set  up  and  help  to  transfer  the  heat  from  the 
disk  to  the  upper  portions  of  the  neck  of  the  bulb  and 
to  the  base.  There  is  a  much  higher  temperature  at 
the  lower  surface  of  the  disk  than  above  it  and  hence 
the  base  and  socket  are  kept  comparatively  cool.  This 
is  the  great  advantage  of  the  mica  disk.  The  chief 
disadvantages  are  the  following.  Local  blackening 
will  occure  lower  in  the  bulb  than  if  no  disk  is  used 
because  the  convection  currents  are  prevented  from 
rising  higher  than  the  disk.  Stresses  are  set  up  in 
the  glass  due  to  the  unequal  heating  above  and  be- 
low the  disk  and  these  stresses  may  result  in  the 
bulb  cracking  ofT  on  a  line  around  the  disk  as  though 
heated  by  a  hot  wire  and  suddenly  cooled.  Breakage 
of  the  same  kind  occasionally  occurs  at  the  edge  of 
the  base  if  no  d^sk  or  baffle  is  used.  However,  the 
use  of  a  bulb  with  a  long  neck  has  eliminated  this 
type  of  failure  except  where  the  lamp  is  used  in  a 
fixture  which  gives  inadequate  ventilation  or  in- 
sufficient protection  from  the  weather. 

It  is  necessary  to  dissipate  a  considerable 
amount  of  heat  when  a  lamp  of  high  wattage  is  used 
and  in  order  to  do  this  considerable  free  space  is 
required  above  and  around  the  lamp.  Large  lamps 
are  therefore  not  suitable  for  use  close  to  ceilings 
which  are  of  a  combustible  nature.  If  it  is  necessary 
to  place  the  lamp  near  the  ceiling  a  ventilating  flue 
of  some  kind  should  be  installed  so  that  the  heated 
air  may  pass  off  without  danger  of  causing  undue 
rise  in  temperature.  In  short,  ventilating  space  must 
be  provided  similar  to  that  which  would  be  required 
for  a  gas  lamp  dissipating  an  equal  number  of  heat 
units  per  second.  For  example,  a  five  cubic  foot 
gas  lamp  will  deliver  by  the  combustion  of  the  gas 
approximately  2  500  B.  t.  u.  per  hour  or  0.695  ^-  t-  u. 
per  second,  which  is  equivalent  to  175  gram-calories 
per  second.  One  gram-calorie  per  second  is  equiv- 
alent to  4.16  watts.  Hence.  175  gram-calories  are 
equivalent  to  728  watts.  This  shows  that  the  heat- 
ing effect  of  a  750  watt  incandescent  lamp  is  about 
the  equivalent  of  a  five  cubic  foot  gas  burner. 

Enclosing  globes  and  shades  which  have  not 
adequate  ventilation  are  liable  to  cause  failure  either 
of  the  lamp  or  the  shade.  If  the  heated  air  cannot 
escape  from  the  upper  part  of  the  globe  or  shade  the 
adjacent  parts  of  the  fiixture  are  called  upon  to  radi- 
ate the  heat.  This  results  in  the  setting  up  of 
stresses  in  the  glassware  and  ultimately  in  breakage 
of  the  globe,  overheating  of  the  socket,  or  failure  of 
the  lamp  bulb.  The  temperature  may  be  so  high  and 
maintained  for  a  time  long  enough  to  cause  the  cop- 
per leading-in  wires  of  the  lamp  to  be  oxidized  so 
that  they  break.  The  danger  from  falling  glass 
where  lamps  are  improperly  installed  is  serious  and 
gives  another  reason  for  taking  special  precautions 
in  selecting  suitable  fixtures. 


Large  lamps  which  are  installed  where  they  are 
exposed  to  the  weather  should  be  provided  with 
hoods  which  protect  the  upper  part  of  the  bulb  from 
moisture.  The  upper  portion  of  the  bulb  is  much 
hotter  than  the  portion  below  the  filament  and  the 
sudden  local  cooling  caused  by  rain  or  snow  on  the 
heated  glass  may  cause  the  bulb  to  crack.  Special 
glass  which  may  be  heated  and  suddenly  cooled 
without  danger  of  breaking  is  used  in  some  cases  for 
lamps  designed  for  operation  in  exposed  positions. 
Owing  to  the  difficulty  of  working  this  hard  glass 
and  inexperience  in  its  manipulation  the  bulbs  made 
from  it  are  less  perfect  than  those  made  from  the 
soft  lead  glass  ordinarily  used.  The  imperfections 
are  usually  in  the  form  of  streaks  or  bubbles  and 
have  but  little  eft'ect  on  the  radiation  of  light  from 
the  filament. 

As  the  filament  in  a  gas  filled  lamp  is  wound  in 
a  small  closely  spaced  spiral  it  takes  up  very  little 
room  in  the  bulb  and  consequently  the  light  is  ra- 
diated from  practically  a  point  source.  The  high 
intrinsic  brilliancy  of  the  filament  makes  it  impera- 
tive that  the  lamp  be  placed  well  out  of  the  ordinary 
field  of  vision  or  be  enclosed  in  a  diffusing  globe  or 
both.  Not  onlj'  is  the  direct  radiation  from  the  fila- 
ment extremely  uncomfortable  and  fatiguing  to  the 
eye  but  also  it  is  injurious  and  may  produce  tempo- 
rary or  permanent  defects  of  vision.  The  efficiency 
of  the  lamp  is  such  that  even  with  diffusing  globes 
the  lighting  of  a  given  area  may  be  accomplished 
very  economicalh'.  Reflectors  and  globes  should  be 
designed  and  arranged  so  as  to  redirect  and  diffuse 
the  light  with  a  minimum  of  loss  and  absorption. 
The  color  of  the  light  is  much  whiter  than  that  ob- 
tained from  the  most  efficient  types  of  vacuum 
lamps. 

The  high  candle-powers  obtainable,  the  absolute 
steadiness  of  the  light  and  the  small  amount  of  at- 
tention required  by  a  gas  filled  incandescent  lamp 
makes  it  a  strong  competitor  of  the  most  efficient 
types  of  arc  lamps.  In  many  installations  the  nitro- 
gen filled  lamp  will  require  no  attention  whatever 
during  its  long  life  of  about  one  thousand  hours 
and  in  other  cases  the  only  attention  is  the  cleaning 
of  the  bulb  or  enclosing  globe  in  order  to  get  the 
best  effect,  thus  the  power  cost  and  the  prorated 
cost  of  the  lamp  are  the  only  costs  to  be  consid- 
ered. Variations  in  voltage  have  about  the  same 
effect  on  the  gas  filled  lamp  as  on  the  older  form 
of  lamp  with  tungsten  filament.  Changes  in  the  fre- 
quency of  alternating-current  systems  will  have 
less  eft'ect  on  the  gas  filled  lamp  than  on  a  corre- 
sponding vacuum  lamp  because  of  the  temperature 
equalizing  effect  of  the  gas.  Heat  is  stored  in  the 
gas  during  the  peak  of  the  current  wave  and  and 
given  up  later  when  the  current  value  is  passing 
throus:h  zero. 


Voltage  Regulation  of  the  West  Penn  System 


J.    S.   JENKS, 

Assistant  General  Manager, 

West  Penn  Traction  and  Water  Power  Company 


THE  subject  of  voltage  regulation  has  been  given 
entirely  too  little  thought  and  attention  by 
central  station  men  in  the  past.  The  time  is 
now  at  hand  when  voltage  regulation  must  be  im- 
proved as  the  consumer  is  not  only  demanding  it. 
but  tlie  various  public  service  commissions  specify 
and  will  very  shortly  compel  better  regulation. 

Perhaps  no  other  phase  of  the  service  more  easily 
tends  to  create  dissatisfaction  among  light  and  power 
users  than  the  existance  of  wide  fluctuations  in  volt- 
age. Not  only  is  this  true,  but  the  highest  efficiency 
cannot  be  obtained  from  the  system  while  such  a 
condition  exists.  The  amount  of  compensation  re- 
quired on  a  distribution  system  to  maintain  constant 
]Kitential  to  the  individual  consumer  depends  upon 
llie  aniiiuiil  and  character  of  the  load  and  the  length 
and  characteristics  of  the  feeders.  Since  the  peak 
load  occurs  at  diiYercnt  times  on  different  feeders  it 
is  evident  that  good  regulation  of  the  entire  system 
can  be  maintained  only  by  the  regulation  of  each 
feeder  independently. 

Realizing  the  importance  of  individual  feeder 
regulation,  in  the  early  days  of  the  West  Penn  Com- 
pany, about  1900,  each  lighting  feeder  was  equipped 
with  a  hand-operated,  switch  type  regulator  known 
as  the  Stillwell  regulator.  This  regulator  consisted 
of  a  transformer — the  primary  of  which  was  con- 
nected across  and  the  secondary  in  series  with  the 
feeder,  the  secondary  being  provided  with  taps  so 
arranged  and  connected  to  the  switch  that  various 
ninnbers  of  turns  of  the  secondary  could  be  cut  in 
and  out  of  the  circuit,  with  a  further  arrangement 
whereby  the  secondary  could  be  made  either  to  boost 
or  buck  the  feeder  by  reversing  it  or  by  reversal  of 
the  primary. 

This  type  of  regulator  answered  very  well  when 
the  West  Penn  Company  was  small,  but  when  the 
system  began  to  extend  its  feeders,  supplying  other 
territory  and  all  kinds  of  service,  the  matter  of 
regulation  became  a  very  important  one  and,  being 
progressive,  we  started  to  investigate  automatic 
regulators. 

At  that  time  there  were  no  fully  developed  auto- 
matic regulators  on  the  market  so  we  designed  several 
which  we  manufactured  and  tried  out,  besides  carry- 
ing on  experiments  and  testing  regulators  built  by  the 
large  manufacturers.  This  investigation  and  test 
period  lasted  some  six  years  during  which  time  all 
types  of  regulators  were  investigated,  among  which 
were  the  various  switch  types,  automatically  controlled 
both  by  solenoids  and  motors,  having  both  ratchet  and 
worm  gear,  the  switching  of  some  being  done  in  the 


main  circuit  of  the  feeder,  the  same  as  in  the  old  Still- 
well  regulators,  others  by  switching  the  primary  cur- 
rent of  the  regulating  transformers,  and  still  others  by 
switching  the  primary  of  an  exciting  auto-trans- 
former which  excited  the  primary  of  the  regulating 
transformer.  This  last  method  was  tried  with  the 
idea  of  eliminating  some  of  the  many  troubles  ex- 
perienced in  coninection  with  switching  the  heavy 
currents,  and  proved  to  be  the  most  successful 
switch-type  regulator  we  investigated,  being  particu- 
larly fle.xible  in  that  the  exciting  transformer  was 
quite  small,  and  yet  could  be  applied  to  a  number  of 
different  sizes  of  regulating  transformers. 

Other  types  consisted  of  floating  series  coils 
which  were  brought  within  the  influence  of  the 
boosting  or  bucking  field,  the  float  coils  being  con- 
trolled both  electrically  and  pneumatically  through 
tlie  medium  of  voltage  relays;  other  types  had  a  flexi- 
ble cable  secondary  which  was  passed  from  the  influ- 
ence of  either  the  boosting  or  bucking  field  to  the 
other  by  coiling  or  uncoiling  on  reels  which  were  loca- 
ted one  in  the  boosting  and  the  other  in  the  bucking 
field ;  and  still  other  types  consisted  of  transformers 
having  variable  magnetic  fields  obtained  by  strengthen- 
ing or  weakening  the  magnetic  circuit  through  the 
opening  or  closing  of  an  air-gap  in  the  laminated  iron 
structure.  All  of  these  regulators  proved  undesirable 
on  account  of  the  various  complications  and  difficul- 
ties which  developed  during  the  tests. 

At  last  we  tested  and  decided  in  favor  of  the 
'nduction  type  regulator  on  account  of  its  simplicity 
and  reliability,  giving  due  consideration  to  the  fact 
that  the  consumer  is  the  person  to  be  pleased  and 
that  the  consumer  cares  naught  for  the  efliciency  of 
the  producer's  apparatus,  but  is  deeply  interested  in 
the  quality  of  the  service  rendered :  hence,  it  has  been 
necessary  in  our  experience  to  adopt  apparatus  which 
would  be  the  most  satisfactory  to  the  consumer. 

All  of  the  induction  type  feeder  regulators  at 
present  in  service  were  furnished  by  the  Westing- 
house  Electric  &  Mfg.  Company  and  are  of  the  latest 
type  and  design,  consisting  of  a  series  coil  revolvable 
in  a  magnetic  field  in  such  a  manner  that  the  field  may 
be  caused  to  cut  the  coil  at  different  angles,  which  has 
the  effect  of  inducing  in  the  coil  a  current  which 
cither  boosts  or  bucks  the  feeder  in  which  the  coil 
is  connected,  depending  upon  the  position  of  ^/^h 
coil  in  the  magnetic  field.     The  position  of  th^fgnfigj 

coil    is    controlled    by  a    small    motor    t\\-^n with 

medium  of  a  worm  gear,  the  motor  'Vequirements 
controlled  by  a  primary 


relav  connect'" 
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feeder.     Each   regulator   is   equipped   witli   automatic  injj    short-circuited     and     then     the    switch    opened, 

accessories    consisting   of    a    i)rimary    and    secondary  which    will    disconnect    the    regulator    from    the    cir- 

relay,  a  line  drop  compensator  and  voltage  and  cur-  cuit    entirely.      This    makes    it    possible    to    cut    the 

rent  transformers.     The  line  connections  to  the  regu-  regulator    in    or    out    without    causing    an    interrup- 

lators,    as    well    as    the    leads    to    the    au.xiliary    ap-  tion     of    the    consumer's    service.      The    auxiliaries 

paratus  and  the  operating  motor,  are  made  by  means  and    operating    motor    are    controlled    by     separate 
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FIG.    I— MAP  OF   THE   TERRITORY    SERVED  BY   THE   WEST  PENN   TRACTION    &    WATER   POWER   COMFANV 

tha^    switches    and    interleaved    or    knuckle    joint    con-  switches,   making   it   possible   to    control    the    regula- 

wher*^'"'^  ^°  '^^^'  ''^^  regulator  and  accessories  can  be  tor   in   any   manner   desired   without   disconnecting  a 

^nd  quickly  disconnected.  single    wire.     In    addition    to    this,  all    the    auxiliary 

1     r    '  '^'^'"    switch    through    which    each    regula-  parts  for  the  regulator  are  mounted  on  a  small  panel 

ec  mg  SL.fgj   jj    gQ   arranged   that    the    regulator  attached  to  the  top  of  the  regulator  and  located  just 

the  neutral  position,  the  series  wind-  back   of  the  operating  mechanism.     Tliis   makes  the 
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regulator  with  all  its  accessories  a  complete  unit. 

A  single-phase  automatic  induction  regulator  is 
placed  in  each  phase  of  all  the  feeders,  which  are 
two-phase  in  the  majority  of  cases.  Where  the 
voltage  is  transmitted  at  6600  volts,  regulators  are 
placed  in  the  main  sub-station  on  the  6600  volt 
side  of  the  step-down  transformers.  There,  are  a 
few  exceptions  to  this,  however,  where  the  voltage  is 
stepped  up  from  2200  volts  to  6600  volts  for  dis- 
tribution, in  which  cases  the  regulators  are  placed  on 
the  2200  volt  side  of  the  step-up  transformers. 

The  necessity  for  regulating  the  various  two 
and  three  phase  circuits  at  both  2200  and  6600  volts 
would  lead  one  to  believe  that  the  feeder  regulators 
would  be  of  a  great  variety.  On  the  other  hand,  we 
i'dopted  an  equipment  consisting  of  but  two  main 
frames  w-ith  but  one  type  of  auxiliaries,  the  frames 
being  rated  at  16.5  and  22  k\V  at  6  600  and  2  200  volts 
respectively  in  the  smaller  sizes,  and  33  and  44  k\v  in 
the  larger  sizes,  all  being  single  phase ;  hence,  the 
necessity  of  installing  a  regulator  on  each  phase  to 
be  regulated.  However,  there  is  a  further  advant- 
age in  such  an  arrangement  in  that  we  have  not  only 
been  able  to  limit  ourselves  to  the  ininimum  nuiuber 
of  kinds  of  regulators  but  also  have  been  able  to 
give  very  much  better  lighting  service  from  our 
various  feeders,  by  being  able  to  control  more  ac- 
curately the  phases  on  which  the  lighting  service  is 
connected. 

In  order  to  give  a  better  idea  of  the  magnitude 
of  the  system  and  to  indicate  more  fully  some  of 
the  difficulties  which  had  to  be  overcome  in  the 
matter  of  regulating  our  system,  a  map.  Fig.  i,  is 
given  showing  the  territory,  about  2  500  square 
miles,  in  which  the  West  Penn  System  operates  and 
the  numerous  towns  supplied  with  light  and  power, 
together  with  the  tranmission  system  and  the  loca- 
tion of  power  and  substations.  The  W'est  Penn 
System  includes  15  power  stations,  32  substations, 
434  miles  of  25  000  volt  three-pha.se  transmission 
circuits,  250  miles  of  6  600  volt  feeders  and  4  200 
miles  of  2  200  volt  distribution  supplying  82  166 
kilowatts  in  motors  and  electric  lights.  This  serv- 
ice is  rendered  single,  two  and  three  phase,  60 
and  133  cycle,  at  potentials  of  50,  no,  220,  440, 
1  100,  2200,  6600,  1 1  000  and  25000  volts  alternat- 
ing current,  and  at  250,  500  and  750  volts  direct  cur 
rent.  This  multiplicity  of  service  is  due  to  the  fact 
that  the  West  Penn  System  consists  largely  of  the 
development  of  small  independent  properties  which 
have  been  purchased,  and  each  individual  property 
had  some  pet  system  of  its  own  in  use  to  such  an 
€xtent  that  it  is  now  impossible  to  rehabiliate  every- 
extent  that  it  is  now  impossible  to  rehabilitate  every- 
every  substation  single,  two  and  three-phase  serv- 
ice is  supplied  at  potentials  of  both  2  200  and  6  600 
volts,  while  many  of  them  have  a  greater  combina- 
tion including  direct-current  service  and  perhaps  high 


frequency.  This  large  territory  and  multiplicity  of 
service  requirements  necessitated  some  200  auto- 
matic regulators. 

The  difficulties  in  regulating  a  system  such  as 
described— especially  considering  the  fact  that  it  is 
spread  out  over  such  a  large  territory' — are  mani- 
fold when  compared  with  those  oi  a  system  supply- 
ing a  congested  territory.  Ordinarily,  the  regula- 
tion at  or  near  a  power  station  is  fairly  good  and 
the  poor  regulation  is  experienced  only  on  the  ends 
of  the  longer  feeders  but,  in  cases  where  a  system 
covers  a  very  large  territory  and  feeders  are 
particularly  long,  as  in  our  case,  the  best  that  can 
be  done  is  to  regulate  the  transmission -system  for 
the  best  average  conditions  obtainabfe'at  the  center 
of  the  system.  This  is  accomplished  o"n  our  system 
by  regulating  the  generators  at  the  power  stations 
by  means  of  Tirrill  regulators  adjusted  to  com- 
pensate for  the  step-up  transformers  and  line 
losses  to  the  center  of  the  system,  and  at  the  sub- 
station by  motor-generator  sets  of  the  synchronous 
type  especially  designed,  having  very  great  con- 
densing capacity,  all  sizes  above  100  kw  being 
equipped  with  Tirrill  regulators  adjusted  to  help 
maintain  the  voltage  constant  at  the  sub-station  or  to 
improve  the  power-factor  as  the  conditions  require. 
Consequently,  in  order  to  compensate  for  the  line  loss 
of  the  transmission  system  the  potential  at  or  near 
the  power  station  will  vary  approximately  as  it  does 
at  the  extreme  ends  of  the  system,  except  that  near 
the  power  station  the  variation  is  above  normal,  while 
at  the  extreme  ends  it  is  below  normal  and  is  at  or 
near  normal  at  about  the  center  of  the  system. 

The  regulation  of  the  feeder,  which,  in  some 
cases,  is  more  than  ten  miles  long  and  furnishes  all 
classes  of  service,  is  quite  a  problem,  in  view  of  the 
fact  that  the  producer  has  no  control  of  the  manner  in 
which  the  consumer  operates  his  apparatus  or  throws 
his  load  on  or  off.  Hence,  the  compensation  for  main- 
taining the  potential  constant  at  the  center  of  the  terri- 
tory supplied  by  any  feeder  might  be  all  up-set  by  an 
extremely  heavy  load  thrown  on  the  feeder  near  the 
station  in  which  event  the  regulator  would  automatic- 
ally raise  the  potential  to  compensate  for  the  line  loss 
for  an  average  condition  and  on  account  of  the  load 
being  close  to  the  station,  the  potential  would  be  raised 
unnecessarily  high  at  the  center  of  the  territory  on 
account  of  the  line  losses  existing  only  in  a  very  short 
section  of  the  feeder,  while  the  compensation  can  only 
be  ajusted  to  take  care  of  an  average  condition.  How- 
ever, if  the  conditions  had  been  reversed  and  the 
heavy  load  had  been  thrown  on  at  the  extreme  end  of 
the  feeder,  a  lower  potential  would  result  at  the  center 
as  well  as  at  the  extreme  end  of  the  feeder.  Due  to 
this  condition,  even  with  automatic  regulators  on  each 
feeder,  it  is  impossible  to  maintain  constant  potential 
at  any  point,  but  this  variation  in  potential  can — with 
automatic  regulators— be  held  within  the  requirements 
of  any  reasonable  service. 
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There  is,  al  the  present  time,  an  automatic  reg-  neces.sary  to  have  a  wire  of  such  size  as  to  carry  its 

iilator  designed  for  ])ole  line  service  whicli  can  be  maximum  load  with  a  very  slight  drop,  in  order  to 

installed   at    various    points   along   a    long    feeder   to  give  satisfactory  ser%ice.     We  have  had  many  cases 

more   nearly   equalize   the   potential   of   the   circuit,  where    the    installation    of    automatic    regulators    has 


KiG.  2 — VOl.iAl.h  KkCULATUR  IN.-~TALL 

but  generally  this  would  not  be  practicable  on  account 
of  the  excessive  first  cost  of  such  regulators  and 
on  account  of  the  attention  and  maintenance  neces- 
sary to  keep  them  in  good  operating  condition,  and  is 
an  unnecessary  refinement  which  the  majority  of  con- 
sumers could  not  aflford.  However,  there  is  no  ques- 
tion Init  that  there  are  cases  where  such  a  regulator 
could  be  used  to  advantage. 


ATIO.N  AT  MANOR  SUB-STATION 

saved  us  the  cost  of  reinforcing  the  lines  while  the  cost 
of  the  regulator  was  only  a  very  small  fraction  of  the 
reinforcement.  At  the  same  time  the  average  losses 
of  the  line  were  not  excessive  and  would  not  justify 
a  reinforcement  when  considered  on  the  basis  of  all 
day  loss,  but  under  peak  conditions  the  losses  were 
so  excessive  that  the  service  was  limited  and  the 
earning  capacity  of  the  feeder  curtailed. 


FIG.   4- 


FIG.   3 — UNIONTOWN   INSTALLATION,    SHOWING   WIRING 
ARRANGEMENTS   FOR   TWO  VOLTAGES 

One  particular  advantage  of  the  automatic  reg- 
ulator is  that  feeders  may  be  more  heavily  loaded 
and  yet  perfectly  satisfactory  service  rendered, 
thereby  making  a  great  saving  in  the  cost  of  rein-  A  typical  installation  is  shown  in  Fig.  2,  which 

forcing  or  primarily  constructing  extra  heavy  feed-      was  taken  at  the  Manor  sub-station,  consisting  of 
ers,   for   without   automatic   feeder   regulation   it   is     six  44  k.v.a.,  2  200  volt  regulators.     It  can  be  seen 


-IRON    BRIDGE   INSTALLATION    OF    FOUR   i^    K.V.A., 
6600  VOLT   REGULATORS 
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that  ilieri-  arc  ai)|iarciilly  four  wires  leading  to  each  \^^^o^\  hmui^  liiai  an-  Dciiiy  xidaiiied.  Tiic  chart 
grouj).  Three  of  tluse  in  a  grouj)  are  the  feeder  taken  at  Scottdale  is  much  better  than  may  be  imag- 
lines  and  the  fourth  is  a  flexible  conduit  containing  ined  at  first  glance,  as  the  pen  is  about  two  volts 
the  four  wires  from  the  vultagc  and  current  tran's-  wide,  causing  the  fluctuation  to  appear  more  pro- 
formers,  nuunced.  This  chart  was  taken  on  one  phase  of  a 
Two  methods  of  lead  arrangement  at  Union-  6600  volt,  two-phase  feeder  which  is  fed  from  and 
town  are  shown  in  Fig.  3.     In  this  sub-station  there  regulated  at -the  Iron  liridge  sub-station  about  three 


FIGS.   5   AND  6 — VOLTAGE   CHARTS   TAKEN    AT  THE  CENTERS  OF 

are  installed  four  44  k.v.a.,  2  200  volt  regulators  and 
two  16.5  k.v.a..  6600  volt  regulators.  Owing  to  the 
arrangement  of  the  transformers  in  this  room,  it  was 
impossible  to  get  the  sixth  regulator  in  the  illustra- 
tion. The  regulators  on  the  left  are  connected  to 
2  200  volt  circuits  while  the  two  on  the  extreme 
right  are  for  6600  volts.  Fig.  4  shows  four  7,7,  k.v.a., 
6600  volt   regulators   installed   in   the   Iron    Bridge 


DISTRIBITIO.V   OF   FEEDERS  AT   SCOTTDALE  AND  WEST   NEWTON 

miles  away.  This  feeder  supplies  many  manufactur- 
ing plants,  among  them  the  United  States  Cast  Iron 
Pipe  &  Foundry  Company's  plant,  the  largest  cast 
iron  pipe  mill  in  the  world,  and  the  power  load  is 
very  heavy  in  comparison  with  the  lighting  load. 
Another  example  of  a  heavily  loaded  power  feeder 
is  shown  by  the  chart  taken  at  West  Xewton.  While 
this  chart   appears   somewhat   ragged,   the   average 


FIGS.  -  AND  8— CHARTS  SIMILAR  70  THOSE  OF  FIGS,   j  AND  6,     TAKEN"    AT  CONNELLSV  ILLE    (LEFT)    A.ND   CH.\RLEROI    (RIGHT) 


sub-station,  two  of  which  are  connected  in  the  Scott- 
dale feeder  ami  two  in  the  Mount  Pleasant  feeder. 

The  results  being  obtained  are  very  gratifying 
and  are  probably  best  shown  by  means  of  graphic 
voltmeter  charts.  The  charts  shown  in  Figs.  5  to  8 
inclusive  were  all  taken  at  about  the  center  of  distribu- 
tion of  tlieir  resjiective  feeders  and  are  evidence  of  the 


value  of  the  voltage  fluctuation  does  not  exceed  two 
volts  plus  or  minus,  which  is  less  than  two  percent 
variation.  The  chart  taken  at  Charleroi  gives  a  good 
idea  of  the  voltage  service  rendered  lighting  custom- 
ers. The  feeder  on  which  this  chart  was  taken  sup- 
plied only  a  small  amount  of  current  for  power  pur- 
poses,  the   larger   part   being   utilized    fiir   lighting. 
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As  can  be  seen,  the  voltage  remained  practically 
constant  for  24  hours  with  hardly  a  variation.  At 
Connellsville,  the  feeder  on  which  the  chart  was 
taken  has  a  small  power  load  consisting  mostly  of 
individual  applications  which  constitutes  perhaps 
half  the  total  load.  While  this  chart  is  not  as  good 
as  that  taken  at  Charleroi,  it  is  nevertheless  excep- 
tional, since  the  voltage  variation  is  only  about  two 
volts.  While  the  voltage  at  the  main  station,  which 
is  located  at  Connellsville,  will  be  varied  consider- 
ably to  compensate  for  loss  of  the  transmission  line, 
the  voltage  chart  at  the  power  station  very  closely 
resembles  the  wattmeter  chart  on  a  smaller  scale. 

An  interesting  fact  in  connection  with  these 
charts  is  that  the  results  are  obtained  by  so-called 
slow  speed  regulators,  the  time  required  for  com- 
plete travel  of  the  rotor  from  position  of  maximum 
buck  to  maximum  boost  being  about  eighteen  sec- 
onds. This  statement,  however,  is  somewhat  mis- 
leading. The  desirable  characteristics  of  an  auto- 
matic feeder  regulator  is  its  ability  to  take  care  of 
the  small  fluctuations  quickly  and  the  time  which 
elapses  between  the  closing  of  the  primary  relay 
contacts  and  the  operating  motor  reaching  its  full 
speed,  is  the  determining  factor.  Of  course,  the  re- 
verse of  this  operation,  namely,  the  opening  of  the 
contacts  and  the  stopping  of  the  motor  must  also  be 
taken  into  consideration.  The  features  of  the  auto- 
matic equipment  which  reduce  this  time  element  to 
a  small  fraction  of  a  second  and  make  close  regula- 
tion  possible   are   more   essential   than   the   ability   of 


the  regulator  to  make  its  extreme  travel  in  a  short 
period. 

During  our  various  experiments  in  the  early 
days  we  were  aiming  at  a  three  to  five  second  regu- 
lator, i.  e.,  a  regulator  that  would  go  from  full  buck 
to  full  boost  in  from  three  to  five  seconds,  but  our 
practice  has  shown  us  that  such  a  regulator  would 
operate  unnecessarily  and  would  hunt,  for  in  order 
to  withstand  the  strain  set  up  in  such  rapid  opera- 
tion it  was  necessary  to  make  the  apparatus  very 
rugged,  thus  increasing  the  weight  to  the  extent  that 
the  regulator  would  frequently  overrun,  and  instead 
of  obtaining  better  regulation,  poorer  regulation  was 
invariably  the  result  of  using  high  speeds.  Further- 
more, the  maintenance  of  the  apparatus  was  in- 
creased beyond  reason. 

In  summing  up,  the  writer  wishes  to  state  that 
good  regulation  and  the  apparatus  necessary  do  not 
form  the  bug-bear  that  many  think.  In  the  first  place 
the  apparatus  is  now  developed  to  a  w^onderful  state 
of  perfection  and  after  being  properly  installed  re- 
quires practically  no  attention  beyond  that  given 
the  ordinary  sub-station  apparatus;  and  in  the  sec- 
ond place,  the  installation  of  suitable  automatic  ap- 
paratus makes  it  possible  to  render  more  and  better 
service  from  the  same  feeders,  and  better  regulation 
is  one  of  the  greatest  factors  in  the  sale  of  electrical 
energy.  Therefore,  better  regulation  resolves  itself 
into  a  factor  of  greater  earning  capacity  of  a  prop- 
crtv. 


Watthour  Demand  Meters 

THEIR  APPLICATION  TO  THE  DEMAND  SYSTEM  OF  RATES 

C.    A.    BODDIE 


ACEXTR.\L  station  must  always  be  ready  to 
serve  a  customer  and  since,  in  the  present 
state  of  the  art.  we  have  no  satisfactory 
means  of  storing  immense  quantities  of  energj',  ? 
central  station  must  generate  the  energy  required 
on  demand.  For  this  reason  an  analysis  of  the  cost 
of  electrical  energy  is  a  much  more  complicated 
problem  than  that  of  the  costs  of  commodities  which 
may  be  produced  at  a  constant  rate  and  stored  until 
required.  Cloth,  shoes,  artificial  gas,  etc..  may  be 
produced  at  a  uniform  rate  and  sold  at  a  fixed  price 
per  unit  quantity.  Similar  rates  have  been  used  for 
electricity  but  have  been  found  to  lead  to  unfair  dis- 
crimination among  different  classes  of  customers. 
Although  the  whole  subject  is  still  a  matter  of  much 
dispute  it  is  generally  admitted  that  an  equitable 
system  of  rates  for  electric  service  must  recognize 
the  customer's  peak  load.  It  has  not,  however,  been 
easy  to  determine  a  satisfactory  rate  because  of  the 
difficulty  of  measuring  the  peaks  accurately. 


ELEMENTS    IX    THE   COST   OF   ELECTRICAL   ENERGY 

An  analysis  of  the  cost  of  generating  and  dis- 
tributing electrical  energj-  shows  that  the  total  is  made 
up  of  three  leading  items : — 

I — Customer  charge,  including  maintenance  of  meter, 
meter  reading  and  billing.  The  total  cost  to  the 
central  station  corresponding  to  this  charge  is 
proportional  to  the  total  number  of  customers,  re- 
gardless of  the  size  of  the  individual  installations. 

2 — Fi.xed  charges,  which  include  interest,  depreciation, 
taxes,  insurance,  transformer  core  losses  and  certain 
stand-by  charges  necessary  to  keep  the  system  under 
voltage.  The  total  cost  of  this  charge  to  the  central 
station  is  in  proportion  to  the  maximum  demand  of 
the  consumer  and  is  independent  of  the  amount  of 
current  used. 

3 — \'ariable  charges  approximately  proportional  to 
the  quantity  of  energy  supplied,  including  cost  of 
fuel,  water  and  a  part  of  the  power  house  labor 
charges.  The  cost  of  this  charge  to  the  central 
station  is  in  proportion  to  the  amount  of  power 
used  by  the  consumer. 
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It  is  ol)vi()iis  tliat  a  system  of  rates  based  on 
any  one  of  the  above  items  is  apt  to  be  inequitable 
to  either  the  supph'ing  company,  the  consumer  or 
both.  Consumers  havingf  particular  individual  re- 
f|uircmcnts  may  be  favored  m<ire  than  those  having 
different  requirements.  In  other  words,  the  cost  of 
supplying    the    service    is  not  equitably  proportioned 


FIC.    I — CKN"ER.\L   APPE.\R.\XCE   OF    WESTINCHOUSE    M.VXI.MUM 
DEM.\.ND   METER 

among  the  consumers.  Charges  should  Ijc  propor- 
tional to  cost,  or  as  nearly  so  as  commercial  con- 
ditions will  permit,  otherwise  the  amount  of  profit 
derived  from  each  customer  is  not  the  proper  per- 
centage of  the  reasonable  value  of  the  property  em- 
ployed in  supplying  the  needs  of  the  particular  cus- 
tomer. ■ 

A  few  examples  will  serve  to  show  the  applica- 
tion and  limitation  of  the  various  systems  of  rates: — 

Suppose  a  station  is  to  be  designed  to  supply  a 
single  consumer  whose  needs  and  the  character  of 
whose  load  follow  a  regular  cycle  day  after  day. 
The  size  of  such  a  station  would  be  so  chosen  that 
it  would  carr}'  the  maximum  load  imposed  on  it, 
due  provision  being  made  for  reserve  equipment  if 
continuous  service  be  imperative.  Costs  in  so 
simple  a  case  as  this  could  be  accurately  estimated 
and  rates  readily  determined  proportional  to  cost. 
A  simple  flat  rate,  such  as  $25  per  horse-power  year, 
could  be  used. 

Suppose  the  maximum  load  to  remain  as  before 
wlnile  the  hours  of  use  per  day  vary.  It  is  evident,  in 
the  case  of  a  steam-driven  power  plant,  that  the 
amount  of  fuel  consumed  will  vary  with  the  quan- 
tity of  energy  consumed.  A  simple  flat  rate  is  there- 
fore not  applicable  as  the  charge  should  vary  with 
the  energy  consumed.  A  straight  kilowatt-hour 
charge  could  be  applied  in  this  case.  It  would,  how- 
ever, yield  too  small  a  return  if  the  energy  consumed 
were  small  and  too  large  a  return   if  the  energy 


little  relation  to  the  cost.     Hence  a  simple  kilowatt- 
hour  rate  is  not  applicable  to  water  power  *y-ii hk 

DEVELOPMENT  OF  DEMAND  FORMULA 

The  proper  method  to  use  would  be  to  make 
a  fixed  charge  proportional  to  the  fixed  costs  plus  a 
kilowatt-hour  charge  proportional  to  the  variable 
costs.  The  monthly  bill  would  then  consist  of  two 
items  as  follows  : — 


I — Fi.xcd  charges  per  year  divided  by  12. 
2 — Kilowatt-hours     consumed     multiplied     by 


rate,     per 

kilowatt-hour. 

Suppose  now  that  the  load,  both  peak  and  quan- 
tity of  energy,  vary  from  month  to  month.  It  is 
evident  that  the  yearly  fixed  charges  must  be  the 
same  since  the  investment  cannot  be  varied  to  suit 
the  load.  The  above  method  could  be  applied  as 
the  simplest  and  most  logical  but  the  following 
could  be  used,  as  it  gives  the  same  result: — 

.     T--      1    I  ^:ma.ximum  monthly  peak 

I — Fixed  charges  per  year   X  c,      1  .11  • 

"      *^      •'  sum  of  twelve  monthly  peaks. 

2 — Kilowatt-hour  charge. 

This  method,  although  somewhat  more  compli- 
cated, has  the  advantage  of  varying  the  charges  to 
suit  the  service,  the  consumer  paying  the  same 
yearly  fixed  charges  but  in  monthly  installments 
proportional  to  his  monthly  peak.  If  the  station  is 
to  supply  a  number  of  customers  it  is  evident  that 
unless  all  the  loads  rise  and  fall  in  synchronism 
there  will  be  a  certain  amount  of  over-lapping,  so 
that  the  station   will   not  be  required  to  carrv  the 


FKl.    2 — FRONT    \TEW    OF    METER    INTERIOR 

Di.il  mechanism  and  pointer  removed, 
smn    of    the    individual    peaks.     Hence    the    fixed 


were  large,  since  the  total  costs  as  pointed  out  above  charges  to  be  carried  by  each  customer  will  be  reduced 

do  not  vary  directly  with   the  quantity  of  energy  by  an  amount  depending  on  the  diversity  factor, 
supplied.      If   the   consumption   fluctuated   between  The     above    method    of   computing    the    fixed 

moderately  narrow  limits  the  approximation  would  charges  bases  the  charge  on  the  maximum  yearly 

be  satisfactory  for  practical  purposes.     In  the  case  peak.     If,  however,  we  use  the  average  of  all  the 

of  a  water  power  plant  the  quantity  of  energy  boars  monthly    maximums   as    the    measure   of   the    fixed 
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charges  we  will  arrive  at  a  rate  which  is  approxi- 
mately as  much  too  low  as  that  derived  by  neg- 
lecting the  diversity  factor  is  too  high.  Hence  the 
diversity  factor,  which  is  an  uncertain  variaWe,  may 
be  neglected  and  the  resulting  formula  for  annual 
fixed  charges  is  rational,  practical  and  accurate 
within   commercial    limits   as   follows: — 

Annual  fixed  charges  =  fixed  charges  per  kilowatt  per 
year  x  average  yearly  peak, 

but 

Average  j'early  peak  =  sum  of  u  monthly  peaks  ^  12. 
Hence  the  yearly  fixed  charges  are : — 

Fixed  charges  per  kilowatt  per  year     sum  of  monthly 


12 


X 


peaks. 


Or  the  monthly  fixed  charge  is 

Fixed  charges  per  kilowatt  per  year.  .  .  ,  , 
~ *^-r^ "^ X  monthly  peak. 

To  determine  a  customer's  monthly  share  of 
the  fixed  charges  it  is  only  necessary  to  know  his 
monthly  peak  or  maximum  demand.  Hence  the 
need  of  an  instrument  to  measure  maximum  de- 
mand. Owing  to  the  frequently  irregular  character 
of  a  peak  load  there  is  considerable  difficulty  in  de- 


ne. 3 — SCHEM.\TIC   DI.-^GR.^M   OF   METFR    WITHOUT 
DI.\L   MECH.\NISM 

The   dial   mechanism    is   geared    to   the    worm    near   the 
main  shaft. 

termining  just  what  mathematical  function  of  the 
peak  can  be  used  as  a  measure  of  peaks  which 
will  also  bear  a  direct  and  simple  ratio  to  fixed 
charges.  A  customer's  peak  or  maximum  demand 
is  a  quantity  which  should  be  suitable  for  substi- 
tution in  the  last  formula  above  for  the  purpose  of 
estimating  his  fixed  charges. 

MAXIMUM   DEM.\XD 

Maximum  demand  may  be  defined  as : — The 
maximum  instantaneous  rate  in  kilozvatts  in  which 
energy  is  supplied. 

It  is  evident  that  in  commercial  service,  rates 
based  on  this  definition  cannot  bear  any  simple  re- 
lation to  actual  costs  even  approximately.  The  defi- 
nition is  therefore  undesirable  and  instruments  giv- 
ing this  indication  should  not  be  used  as  a  basis  for 
rates.  It  is  evident  that  inasmuch  as  electrical 
equipment  is  not  affected  by  momentarv'  loads,  owing 
to  its  heat  capacity,  some  element  of  time  should  enter 
the  definition. 


Maximum  demand  may  therefore  be  defined  as: 
— The  root  mean  square  value  of  the  load  taken  be- 
tween two  ordinates  of  time  so  placed  that  it  will  be 
a  maximum. 

This  definition  introduces  the  element  of  time 
and  makes  the  value  proportional  to  the  heating 
which  is  also  proportional  to  the  capacity  of  the 
equipment  necessary  for  the  service. 

Maximum  demand  may  again  be  defined  as : — 
The  constant  load  in  kilowatts  which,  if  continued  for 
a  length  of  time  equal  to  the  time  interval,  will  give 
the  same  integrated  value  in  kilowatt-hours  as  the 
actual  load  integrated  during  the  time  interval,  the 
interval  being  so  chosen  that  the  integral  is  a  maxi- 
mum. 

This  definition  contains  all  the  elements  usu- 
ally involved  in  the  so-called  maximum  integrated 
peak.  While  the  definition  itself  is  somewhat  cum- 
bersome, the  idea  expressed  is  simple.  We  have  as 
yet  no  means  of  accurately  measuring  the  maximum 
integrated  peak.  Demand  meters  are  all  devices 
whose  indications  depend  on  the  peak  and  its  dura- 
tion. A  time  lag  is  introduced  to  make  them  com- 
mercially practicable.  The  devices  offered  so  far 
have  widely  different  characteristics  yet,  when  prop- 
erly considered,  their  indications  can  be  used  as  a 
basis  for  rates.  In  view  of  the  state  of  the  art,  the 
following  is  suggested  as  the  only  practicable  basis 
for  a  definition  : — 

Maximum  demand  shall  be  defined  to  be  the  in- 
dication of  an  instrument  so  calibrated  that  when  any 
constant  load  in  kilowatts  is  passed  through  the  in- 
strument, it  shall  indicate  the  load  in  a  predetermined 
time. 

This  definition  includes  all  that  can  safely  be 
put  into  a  definition  at  this  time.  It  is  specific  as 
regards  loads  and  time,  and  aft'ords  a  satisfactory 
basis  for  accuracy  guarantees.  For  instance,  we  can 
require  an  instrument  to  be  within  two  percent  of 
an  indicated  steady  load  and  say  two  percent  on 
time,  but  no  instrument  has  yet  been  devised  which 
can  be  guaranteed  to  be  within  two  percent  of  the 
maximum  integrated  peak.  Recognition  of  the 
above  factors  entering  into  charges  for  electrical  en- 
ergy gives  rise  to  a  demand  for  instruments  whose 
indication  will  serve  as  a  means  of  determining  the 
fixed  charges  to  be  carried  by  each  consumer.  A 
number  of  instruments  have  been  developed  for 
measuring  the  customer's  peak  load  or  maximum 
demand,  the  most  notable  of  which  have  been  built 
under  the  patents  of  Wright,  IVIerz  and  Turner. 
These  instruments  are  all  very  ingenious  and  have 
been  used  to  a  limited  e.xtent  on  service  for  which 
they  were  adapted,  but  they  all  contained  elements 
which  preveiited  their  general  adoption,  such  as 
high  initial  and  maintenance  cost,  hand  wound 
clocks,  constant  running,  contact-making  motors,  deli- 
cate or  unreliable  mechanism,  complication  in  wir- 
ing and  installation,  inaccessible    mechanical    con- 
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struction  or  difficult  methods  of  calibration.  As  a 
result  there  has  been  a  imicli  felt  need  for  an  instru- 
ment suitable  for  measuring  maximum  demand 
under  conditions  imposed  by  modern  central  station 
service.    The  most  important  of  these  requirements 


FlC.    4 — VRKTK  AL    SECTION    THROUGH    THE    METER  ELEMENT 

is  reliability.  A  meter  to  be  used  generally  must 
be  cheap,  as  the  small  revenue  derived  from  the 
majority  of  installations  will  not  permit  the  use  of 
an  expensive  instrument.  Experience  with  the  watt- 
hour  meter  which  has  been  developed  to  a  high  state 
of  perfection,  has  imposed  further  requirements  on 
the  demand  meter ;  it  must  be  rugged,  simple,  com- 
pact, require  very  little  attention  or  upkeep  and 
must  be  capable  of  easy  adjustment  and  calibration. 

THK   WATT-HOUR  DE.MAND  METER 

The  instrument  here  described  has  been  de- 
signed to  meet  these  requirements.  It  is  a  single 
instrument  that  records  both  kilowatt-hours  con- 
sumed and  the  maximum  demand  in  kilowatts.  It 
is  installed  as  an  ordinary  watt-hour  meter,  and  re- 
quires no  additional  apparatus  or  wiring.  The  meter 
has  a  definite  time  constant,  yet  contains  no  clock, 
contacts  or  delicate  mechanism  likely  to  give  trou- 
ble in  service,  thus  reducing  maintenance  costs  to 
a  minimum. 

The  general  appearance  of  the  single  phase 
meter  is  much  the  same  as  a  standard  watt- 
hour  meter.  It  is  entirely  contained  in  a  case 
only  seven  inches  in  diameter.  The  maximum  de- 
mand is  indicated  directly  in  kilowatts  by  a  pointer 
sweeping  over  a  four  inch  dial,  the  integrated  load 
being  registered  on  the  usual  four  dial  counter.  The 
demand  pointer  is  reset  manually  by  pressing  a  but- 
ton on  top  of  the  meter  cover,  thus  making  it  un- 
necessary to  open  the  meter.  The  button  is  sealed 
after  each  operation. 

Coitsfniction — As  shown  in  Fig.  4,  the  instru- 
ment consists  of  a  watt-hour  meter,  including  a 
standard  electromagnet,  permanent  magnet  and 
aluminum  disc,  geared  to  a  standard  counter. 
A  second  or  auxiliary  disc  2  is  suported  on  a  jewel 


and  ball  bearing  j  mj  ihai  it  can  in.nc  irii.i\  111  uic 
air  gap  of  the  electromagnet  without  interfering 
with  the  main  disc.  The  scries  and  shunt  fluxes 
pass  through  both  sides,  inducing  eddy  currents 
which  react  on  these  fields  in  the  usual  manner, 
producing  a  torque  in  each,  proportional  to  the  load. 
The  two  discs  are  entirely  independent,  the  auxiliary 
disc  being  so  shaped  that  it  does  not  interfere  with 
the  accuracy  of  the  main  disc,  which  rotates  at  a 
speed  always  proportional  to  the  load.  The  aux- 
iliary shaft  carries  a  spiral  spring  ./  at  its  upper 
end,  the  tension  of  which  opposes  the  deflection  of 
the  disc.  The  gear  7  fixed  to  the  auxiliary  .shaft 
meshes  with  the  gear  10  on  the  counter,  thus  trans- 
mitting the  motion  of  the  auxiliary  disc  through  a  dog 
drive  to  the  demand  pointer.  A  fine  tooth  rachet  and 
pawl  on  the  pointer  shaft  retains  the  pointer  in  its 
position  of  ma.ximum  deflection.  Hence,  if  no  other 
mechanism  were  introduced,  the  auxiliary  disc 
would  instantly  deflect  the  pointer  through  an  arc 
proportional  to  the  load. 

The  auxiliary  is,  however,  geared  to  an  escape- 
ment wheel  S  which  engages  with  a  claw  Jj.  A 
forked  lever  fixed  to  the  claw  is  caused  to  oscillate 
by  an  eccentric  14  geared  to  the  main  disc  by  gears 
II,  12  and  15. 

Prittcilyle  of  Operation — The  action  of  the  instru- 
ment is  as  follows: — The  instant  power  flows 
through  the  instrument  the  main  disc  rotates  at  a 
speed  proportional  to  the  load,  driving  the  watt- 
hour  gear  train  and  oscillating  the  escapement  claw. 
The  auxiliary  disc  tends  to  deflect  instantly  to  in- 
dicate the  load,  but  is  prevented  by  the  escapement 
claw    engaging    its    wheel.     .As    the    claw    oscillates, 


FIO.    5 — HORIZONTAL    SECTION    THROUGH      METER     SHOWING    CON- 
NECTION  TO  THE   ACTUATING   ELEMENT   OF   THE    METER 

the  teeth  of  the  escapement  wheel  are  allowed  to 
pass  one  by  one  until  the  tension  on  the  spring  4  bal- 
ances the  torque  developed  in  the  disc.  The  system 
is  then  in  equilibrium,  the  demand  pointer  indicat- 
ing the  load,  and  although   the  main   disc  continues 
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to  rotate  so  long  as  the  load  is  nininiaiued.  no  fur- 
ther deflection  takes  place,  since  the  escapement 
claw  oscillates  freely  between  the  teeth  of  the  es- 
capement wheel. 

The   mechanism   is   \erv   similar   to   the   ordinary 


FIG.   6 — RKAK    VIKW    1)1-    INIIUATIXG    MECHANISM 

clock ;  the  auxiliary  disc  furnishing  the  power  for 
driving  the  escapement  like  a  main  spring,  while 
the  rate  of  movement  is  controlled  by  the  motion 
of  the  main  disc  which  perforins  the  function  of  a 
balance  wheel.  The  escapement  wheel  and  claw 
have  radial  teeth  to  prevent  an  interchange  of  en- 
ergy between  the  two  discs.  It  is  to  be  observed 
that  the  ofifice  of  the  main  disc  is  simply  to  regulate 
the  deflection  of  the  auxiliary  disc  and  it  supplies 
no  power  whatever,  except  the  negligible  amount 
required  to  oscillate  the  escapement  claw. 

The  escapement  wheel  is  not  driven  dirccll}' 
from  the  auxiliary  shaft  by  gear  6  but  is  dri\en  by 
a  ratchet  wheel  5  mounted  on  a  sleeve  which  is  loose 
on  the  auxiliary  shaft  to  which  the  gear  6  is  attached. 
This  ratchet  wheel  is  driven  by  a  pawl  9  carried  by  an 
arm  fi.xed  to  the  auxiliary  shaft.  This  device  causes 
the  auxiliary  disc  to  drive  through  the  escapement 
wheel  wlien  the  pointer  is  advancing  across  the 
scale  but  allows  it  to  drop  back  freely  to  equilibrium 
when  the  load  is  reduced.  Hence,  the  auxiliary  disc 
will  follow  the  variation  in  load  while  the  demand 
pointer  indicates  its  maximum  deflection. 

Time  Element — The  time  required  to  reach  equi- 
librium when  any  constant  load  is  passed  through 
the  instrument  is  constant,  since  the  deflection  and 
rate  of  deflection  vary  in  direct  proportion.  For 
example,  suppose  the  instrument  is  so  calibrated 
and  adjusted  that  it  requires  15  minutes  to  reach 
equilibrium  when  a  constant  load  of  500  watts  is 
passed  through  the  instrument,  then  if  we  start 
again  from  zero  and  pass  i  000  watts  through  the 
instrument  it  is  evident  that  the  demand  pointer 
must  travel  through  twice  the  former  arc,  but  since 
the  main  disc  is  rotating  at  double  the  former  speed 


the  pointer  will  reach  equilibrium  in  the  same  time 
as  it  did  before. 

Mechanical  Details — The  meter  has  been  de- 
signed so  that  it  can  be  easily  assembled,  and  all 
parts  are  readily  accessible.  It  can  be  provided  with 
either  metal  or  glass  cover.  The  base  is  of  cast  iron 
pro\ifled  with  separate  terminal  chamber,  the  meter 
movement  being  mounted  on  two  bosses,  cast  in  the 
case.  The  ])ermanent  magnets,  electromagnets,  disc 
and  bearings  are  standard  parts.  A  standard  coun- 
ter and  dial  are  modified  to  provide  the  demand 
pointer.  'J'he  auxiliary  disc  is  a  one  piece  punching 
made  from  a  special  alloy  having  a  low  temperature 
coefficient;  it  is  readily  accessible,  by  removing  the 
four  screw.s  holding  the  electromagnet  in  place,  and 
can  be  readily  removed  by  loosening  the  top  bearing 
screw.  The  escapement  mechanism  can  be  removed 
as  a  unit. 

Capacities — The  instrument^  are  built  in  all 
.'Standard  capacities  for  single-phase  and  polyphase 
service,  with  one,  two.  five,  fifteen  and  thirty  minute 
time  constants  as  desired.  The  time  constant  is  de- 
termined by  the  gear  ratio  between  gears  //  and  12, 
Fig.  3.  This  is'  changed  by  simply  changing  the 
gears,  the  drilling  being  the  same  for  all  gear  ratios. 

The  Calibration  of  the  instrument  is  very  simple. 
The  main  pawl  is  raised,  thus  cutting  out  the  es- 
capement and  allowing  the  demand  mechanism  to 
respond  instantly  to  the  changes  of  load.  The  de- 
mand indicator  is  then  calibrated  as  an  indicating 
wattmeter  by  adjusting  the  length  of  the  spring. 
.A   spring  clamp  and   micrometer    zero    adjustment 


FIG.   - — RE.^R  OF   METER   SHOWING   AU.XILIARY   DISC   CONSTRUCTION 

Electro-magnets  removed  to  show  location  of  auxiliary 
disk.    The  magnets  are  standerd  induction  wattmeter  magnets. 

make  this  operation  simple.  The  watt-hour  meter 
is  calibrated  in  the  usual  manner.  The  main  pawl 
is  then  thrown  down  to  engage  its  ratchet  wheel. 
The  zero  stop  is  then  adjusted  so  that  the  time  is 
correct  and  the  calibration  is  complete. 


Large  Turbine  Alternator  Units 


C.  N.  Hardin  and 

DL'RIXG  the  last  two  years  some  very  large 
W'estinghouse  turbine  alternator  units  have 
been  built;  that  is,  units  having  maxi- 
iiuun  continuous  ratings  of  from  iocx)0  to  21  000 
kilowatts,  have  been  completed  or  are  under  construc- 
tion. In  due  time  most  of  tliem  will  be  subjected  to 
steam  consumption  tests  and.  as  their  design  pro- 
gressively follows  that  of  smaller  machines  whose  ef- 
ficiency has  been  thoroughly  established,  the  builders 
believe,  and  preliminary  tests  on  some  of  the  units  in- 


S.  L.  Henderson 

c.\|>ansion  being  cairici  out  within  a  ?iiigie  i;a>ing. 
A  great  deal  of  attention  has  been  given  to  the  design 
of  these  machines  in  order  to  secure  the  utmost  me- 
chanical sufficiency,  and  much  thought  has  been  de- 
voted to  working  out  the  details  so  as  to  insure  con- 
tinuity of  service  and  to  facilitate  ease  of  operation. 
riie  excellence  of  any  machine  with  reference  to  its 
successful  or  troublesome  operation,  rests  very  ma- 
terially on  the  care  given  to  its  detail  features. 

The  general  construction  and  appearance  of  the 


FIG.    I — A    RECEN'T    WESTINCHOUSE 

20  000  k.v.a..  13200  volt,  60  cycle,   1800  r.p.m.  with  a  25 
gal.  per  minute  capacity. 

dicatc   that   tlicir   high   guaranteed    performance   will 
be  more  than  fulfilled. 

In  general  design,  both  the  turbines  and  gen- 
erators conform  to  the  standard  practice  of  the  Iniild- 
ers,  diti'ering  from  the  smaller  standard  machines  only 
in  details  of  mechanical  construction.  The  two  parts 
of  the  units,  the  turbines  and  generators,  will  be  dis- 
cussed separately. 

TURHINF-S 

All  of  these  turbines  are  designed  for  high- 
pressure  steam  expanding  to  high  vacuum,  the  whole 


TURBINE    GESER.VTOR    INSTAIXATIOX 

000  sq.  ft.  surface  condenser  and  a  circulating  pump  of  37  500 

turbines,  as  shown  in  Figs,  i  and  2,  is  tyjtical  of  the 
coniiiination  impulse  and  reaction  machines,  which  are 
now  standard  for  all  commercial  sizes  from  500  to 
25  000  kilowatts  capacity.  This  type  of  machine  al- 
lows very  compact  construction  and  gives  a  very  eco- 
nomical, unit  as  regards  both  steam  consumption  and 
floor  space.  The  combination  blading  is  tliat  best 
suited,  so  far  as  the  steam  volume  is  concerned,  for  the 
particular  portion  of  the  turbine  where  it  is  utilized. 
.\t  admission  to  the  turbine,  the  steam  pressure  is  high 
and  specific  volumes  small,  so  that  the  steam  can  be 
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efficiently  handled  by  impulse  blading.  The  reaction 
blading  required  at  this  point  would  be  quite 
short  and  so  the  leakage  factor  large  and  the  blade 
efficiency  low.  When  the  capacity  of  the  machine  is 
great,  thus  demanding  a  large  amount  of  steam,  reac- 
tion blading  may  be  efficiently  used  in  place  of  the  im- 
pulse element.  After  passing  the  impulse  element 
the  pressure  is  reduced,  the  specific  volume  increased 
quite  appreciably,  and  so  the  reaction  blading  will  be 
of  such  length  as  to  be  efficient.  The  low  pressure 
blading  in  these  machines  is  designed  to  utilize  steam 
effectively  at  29  inches  vacuum,  which  extremely  low 
exhaust  pressure  is  desired  and  is  obtained  when  the 
turbines  are  served  by  suitable  condensing  equipment. 
As  is  appreciated,  the  turbine  is  inherently  a  high- 
speed machine  and  it  is  only  limited  in  this  respect  by 


missible  with  these  large  units,  as  in  i  500  r.p.m.  for 
25  cycle  current.  Uf  the  total  number  of  machines 
only  seven  are  for  25  cycle  service,  the  balance  being 
for  60  cycle,  except  in  two  instances  where  three  units 
operate  at  i  875  r.p.m.  producing  62.5  cycles,  and  two 
operate  at  2000  r.p.m.  producing  66.6  cycles. 

The  most  notable  part  of  the  turbine  is  the 
spindle,  Fig.  3.  It  is  made  up  of  five  parts,  an  impulse 
element,  two  drums  and  two  spindle  ends.  On  ac- 
count of  the  large  capacities  requiring  large  blade  area 
at  the  low  pressure  ends,  the  low  pressure  drums 
operate  at  higher  speeds  than  have  hitherto  been  com- 
mon practice,  viz.,  500  feet  per  second.  Such  speeds 
are  entirely  safe  with  ordinary  materials  by  construct- 
ing the  low  pressure  ends  of  what  might  be  called  a 
semi-disc    form,    which    is    made    integral    with    the 


FIG,  2 — SECTION  OF  INST.^LLATION   SHOWN  IN  FIG.   I,    INCLUDING    GENER.^TOR,    TURBINE    AND    CONDENSER 


the  mechanical  construction  of  the  turbine  and  gen- 
erator. One  of  the  chief  problems,  therefore,  has 
been  to  design  and  construct  the  rotors  of  each  element 
of  the  unit  so  as  to  permit  of  the  efficient  operating 
speed  of  the  turbine.  The  turbine  speed  is  of  course 
limited  in  a  way  to  the  frequency  desired,  the  maxi- 
mum speed  for  60  cycle  operation  being  3  600  r.p.m. 
and  that  for  25  cycle  operation  1  500  r.p.m. 

Due  to  the  large  volumes  of  steam  handled  in 
these  units,  necessitating  large  blade  areas,  the  cir- 
cumference of  the  blading  must  necessarily  be  quite 
large,  requiring  a  large  diameter  which,  if  a  speed  of 
3  600  r.p.m.  for  instance,  were  maintained,  would  give 
a  peripheral  speed  higher  than  safely  allowable  'for 
either  the  turbine  or  generator.  However,  the  next 
lower  speed,  i  800  r.p.m.  for  60  cycle  current,  is  per- 


spindle  end.  This  avoids  the  weakening  effect  of  a 
hole  in  the  disc  or  drum  and  provides  a  design  of 
maximum  strength,  the  stresses  throughout  being 
fairly  uniform  and  within  conservative  limits. 

As  an  assurance  to  the  builder  and  customer  that 
the  spindle  construction  is.  safe  and  reliable,  an  over- 
speed  test  is  applied  to  each  turbine  before  it  leaves 
the  test  floor.  This  test  consists  in  operating  the  ma- 
chine at  20  percent  above  normal  speed,  proving  be- 
vond  any  doubt  that  the  blading  and  the  spindle  as  a 
whole  will  not  fail  after  it  is  installed.  The  turbine 
will  not  reach  a  greater  speed  than  8  percent  above 
normal  in  commercial  service,  as  the  automatic  stop 
is  set  to  release  at  some  such  speed  and  the  centrifugal 
type  of  stop  used  is  absolutely  reliable. 

The  turbine   casing  consists   of   only  two   parts, 
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commonly  spoken  of  as  the  cylinder  and  cover.  Fig.  4 
shows  the  internal  construction  of  a  cover  with  re- 
spect to  the  blading  and  the  stiffening  or  supporting 
stays  in  the  e.xhaust  ends.  The  material  used  in  these 
castings  is  a  high  grade  air  furnace  iron.  The  stays 
obviously  are  for  strengthening  the  large  exhaust  ends. 
This  style  of  stiffening  is  used  rather  than  heavy  ribs, 


the  turbine  the  greater  the  reasons  for  using  the  blade 
ring  construction. 

The  details  of  these  turbines,  such  as  the  gov- 
ernor, steam  chest,  valves,  oil  pump  coupling,  bear- 
ings, oiling  system,  etc.,  are  the  same  general  design  as 
those  used  on  the  smaller  machines. 

The    general    trend    today    is    toward    maximum 


as  ribs  are  liable  to  cause  internal  strains  as  well  as 
to  increase  tlic  liability  of  inijicrfect  castings. 

Noting  the  method  of  retaining  the  blading  in  the 
cover  (the  same  being  true  in  the  lower  half  of  the 
casing  or  the  cylinder)  it  will  be  seen  that  the  last  four 
low  pressure  rows  are  inserted  in  the  cover  casting 
proper,   while   the   intermediate  blading  is  held   in   a 


FIG.  3 — SPINDLE  OF  A  20  000  KW,  15  000  R.P.M.  TURBINE 

rated  machines  which,  from  the  viewpoint  of  first  cost, 
is  very  good ;  but  generally  speaking,  the  maximum 
rating  of  a  turbine  implies  a  rating  at  which  the  tur- 
l)ine  economy  is  not  the  best,  though  the  rating  is  gen- 
erally only  a  few  percent  above  the  normal  or  eco- 
nomical rating.  The  majority  of  these  twenty-three 
units  were  sold  as  maximum  rated  machines.  How- 
ever, a  point  to  be  considered  is  that  a  maximum  rated 


1  U;.   4      TlRBl.NE   CVSINC   FOR  TUE   SPIXPLE   SHOWN    IN    FIG.    3 


separate  blade  carrying  I'lenient  called  the  blade  ring. 
There  are  several  reasons  why  the  blade  ring  is  used: 
I — It  simplifies  the  main  casting  avoiding  inter- 
nal strains,  assuring  a  better  casting;  2 — it  lessens 
temperature  troubles  when  the  unit  is  in  operation ; 
and  3 — it  facilitates  repairs  to  blading,  as  the  blade 
rings  are  of  standard  size,  and  so  as  a  whole  can 
readily  and  quickly  be  replaced.    Obviously  the  larger 


unit  is  more  flexible  in  operation ;  that  is.  it  will  oper- 
ate safely  as  regards  the  generator  temperature  over  a 
wider  range  of  load,  and  the  economy  of  the  turbine 
over  the  same  range  of  load  is  very  good.  One  of 
these  units  approaches  the  ideal  condition,  consisting 
of  a  maximum  rated  generator  with  a  normal  rated 
turbine  giving  minimum  first  cost  and  maximum  effi- 
ciency. 
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The  steam  economy  of  these  large  units  is  very 
good,  for  the  turbine  and  also  the  generator  efficiencies 
increase  as  the  size  of  the  unit  increases,  and  the  blade 
speeds  of  these  turbines  are  quite  high,  giving  a  very 
efficient  blade,  since,  as  before  mentioned,  the  turbine 
is  inherently  a  high  speed  machine  and  so  high  blade 
speeds  are  necessary.  The  efficiencies  guaranteed  on 
two  of  the  largest  turbines  when  operating  at  common 
practice  steam  conditions,  are  around  73  and  71.5  per- 
cent for  the  I  500  and  i  800  r.p.m.  machines  respec- 
tively. The  reason  for  the  difference  is  that  the  capac- 
ity is  greater.  By  y^  percent  is  meant  that  the  turbine 
utilizes  effectively  in  producing  power,  ~7,  percent  of 
the  available  energy  in  the  steam  and  is  7Z  percent  of 
the  ideal.  For  the  type  of  machine  used  these  figures 
are  very  good.  To  shov,-  what  figure  is  possible  when 
the  most  economical  design  of  machine  is  used,  con- 


FIG.   5 — SECTION   OF   SURFACE  CONDENSER   SHOWING    ST.\NDARD 
ARRANGEMENT    OF    TUBES 

sidering  efficiency  as  the  prime  requisite,  better  than  79 
percent  turbine  efficiency  was  guaranteed  on  three 
30000  kw  units  recently  sold.  In  these  turbines  only 
reaction  blading  is  used. 

FLOOR  SPACE 

The    floor   space   occupied   by    turbine   generator 

units  is  very  small  compared  with  that  occupied  by 

other  types  of  prime  movers.     The  unit  floor  space, 

which  is  taken  as  the  square  feet  of  floor  space  per 

TABLE  I— COMPARISON  OF  FLOOR  AREAS 


Rating 
Kw 

Speed 
R.p.m. 

Length  and  width 

Floor  space 
sq.  ft.  per  kw 

20  000 
15  000 
9  000 
5  000 
5  000 
1  000 
1000 

1500 
1800 
1800 
1800 
3600 
1500 
1      3600 

46' 24"  by  21'  U" 
41'  ll"bv  19' 24" 
36'  li"b'v  16' 8  " 
34'  11"  by  14'  4  " 
30'    8"  by  13'  3j" 
31'    3"  by    9'OJ" 
23'   0"  by   b'  3  " 

0.0488 

0.('537 

0.067 

0.10 

0.08 

0.28 

0.20 

To  be  more  conclusive   some    smaller    capacity    ma- 
chines were  also  included  in  the  table. 

kilowatt  capacity,  decreases  as  the  size  of  the  unit  and 
rotative  speed  increases.  To  show  some  actual  fig- 
ures, two  units  of  15000  and  20000  kw  maximum 
rating  operating  at  i  800  and  i  500  r.p.m.  respectively 
are  compared  in  Table  I.     For  floor  space,  that  area 


included  within  the  floor  plates,  which  extend  out  be- 
yond the  bed  plate  three  or  four  feet  on  every  side 
are  taken  as  the  basis  of  comparison. 

WEIGHT 

The  weight  of  a  turbine  generator  unit  obviously 
increases  with  the  capacity,  but  not  in  direct  propor- 
tion as  the  unit  weight  becomes  less  as  the  capacity  in- 
creases. Another  factor  affecting  weight  is  rotative 
speed ;  the  higher  the  speed  for  a  given  capacity  the 
less  the  weight  .  This  fact  is  more  pronounced  with 
the  turbine  end  of  the  unit  than  with  the  generator, 
the  turbine  weight  decreasing  proportionally  more  than 
that  of  the  generator.  So  the  i  500  r.p.m.  outfit,  due 
to  its  lower  speed,  as  well  as  being  of  a  luore  rugged 
design  than  the  i  800  r.p.m.  unit  is  a  relati\elv  heavier 
machine,  as  shown  in  Table  II. 

SURFACE    CONDENSER 

The  larger  the  power  plant  the  greater  the  atten- 
tion paid  to  everything  pertaining  to  it,  and  the  ques- 
tion as  to  the  type  of  condensing  equipment  to  be  used, 
whether  jet  or  surface,  is  carefully  considered  from 
every  viewpoint.  Due  primarily  to  the  conservation 
of  the  condensate  for  boiler  feed  purposes  and  the 
relatively  cheap  and  abundant  supply  of  cooling  water, 
nearly  all  of  the  large  turbines  are  served  by  surface 
condensers.  Of  these  turbines,  eighty  percent  are 
equipped  with  ^\'estinghouse  condensers,  only  four 
being  of  the  jet  type,  and  thev  aie  used  with  four  of 
the  smallest  turbines.  The  surface  condensers 
supplied  var}' in  size  from  15000  to  30000  square 
feet.  It  may  be  noted  that  three  50000  square  feet 
surface  condensers  have  also  recently  been  sold,  these 
being  the  largest  surface  condensers  that  have  ever 
been  built. 

The  general  shape  of  these  large  surface  con- 
densers is  circular  in  cross-section,  except  in  special 
cases  where  the  rectangular  shell  was  desired.  The 
standard  arrangement  of  tubes  in  the  shell  is  shown 
in  Fig.  5,  the  radial  flow  principle  being  used,  the 
steam  flowing  around  the  whole  circumference  of  the 
tubes  and  in  toward  the  center  along  radial  paths. 
T.'VBLE  II— COMPARISON  OF  WEIGHTS 


Rating 

Speed 
R  p  m 

Weight 
Pounds 

floor  area 

20  000 

15  000 

5  000 

5  000 

1503 
1800 
1800 
3600 

oooo 

88  88 

oooo 

677                  ZXO 
560               ao.o 
440                  44.0 
450                  36.0 

This  type  gives  minimum  drop  in  pressure  through 
the  condenser  as  the  distance  the  steam  has  to  pass 
through  the  tube  space  is  a  minimum,  and  the  steam 
velocity  is  less  due  to  the  increased  admission  area. 
The  condensers  are  of  the  two  pass  type,  the  cold 
water  flowing  through  the  center  tubes  and  tiie  warm 
water  returning  through  the  outer  tubes,  or  vice  versa, 
whichever  is  desired. 

This  type  of  surface  condensers  has  revolution- 
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ized  surface  condenser  practice,  as  the  unit  heat  trans- 
fer obtained  is  very  higli  and  the  drop  in  pressure 
through  the  condenser  in  all  instances  is  so  small  as 
to  be  practically  negligible.  The  very  good  perform- 
ance is  largely  due  to  the  Leblanc  air  pump,  which 
maintains  a  very  low  air  tension  in  the  condenser, 
which,  however,  is  only  possible  by  adhering  to  the 
correct  design  of  condenser  throughout. 

The  au.xiliaries,  the  circulating,  condensate  and 
Leblanc  air  pumps  are  all  of  the  rotary  type  and  built 
by  the  condenser  builder.  The  large  condenser  pumps 
are  all  separate  units,  each  being  driven  by  a  small 
non-condensing  turbine  or  motor  if  preferred.  The 
turbine  drive  is  almost  invariably  used  as  there  is  of 
necessity,  from  the  economical  viewpoint,  a  certain 
amount  of  steam  needed  to  heat  the  feed  water,  and 
if  the  plant  auxiliaries  (including  the  condenser 
pumps)  are  driven  by  non-condensing  turbines  their 
exhaust  steam,  in  a  well  designed  plant,  is  just  about 
sufficient  for  this  purpose. 


and  tliat  the  energy  is  being  generated  in  a  compara- 
tively small  volume,  it  is  seen  that  very  effective  ven- 
tilation is  necessary  to  dissipate  the  heat  in  order  to 
maintain  safe  operating  temperatures. 

The  axial  type  of  ventilation  has  been  found  to 
be  the  most  effective  method  for  cooling  these  large 
machines.  In  the  method  adopted,  the  air  enters  at 
both  ends  of  the  machine  and  flows  towards  the  cen- 
ter in  three  parallel  paths,  i.  e.,  along  ducts  in  the 
stator  parallel  to  the  axis,  through  the  air-gap. 
through  ducts  in  the  rotor,  and  then  out  at  the  center 
of  the  machine  through  one  or  more  radial  ducts. 
One  hundred  cubic  feet  of  air  per  minute  per  kilowatt 
loss  is  a  rough  figure  for  the  air  necessary  to  conduct 
away  the  heat,  and  in  a  generator  of  approximately 
600  kw  loss  would  mean  60000  cubic  feet  of  cooling 
air  per  minute.  The  total  duct  area  on  these  ma- 
chines, taking  account  of  the  fact  that  the  air  enters 
from  both  ewls,.  ranges  from   15  to  20  square  feet. 
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The  circulating  jnimps  for  these  large  units  are, 
owing  to  their  size  and  capacity,  slow  speed  machines, 
and  so  for  efficient  operation  a  reduction  gear  is  in- 
terposed between  the  turbines  and  the  pumps.  The 
air  and  condensate  pumps,  however,  can  operate  ef- 
ficiently at  the  high  turbine  speed  and  so  they  are 
direct-connected.  As  the  size  of  condenser  is  de- 
creased the  pumps  become  smaller,  permitting  the 
circulating  pump  to  operate  at  the  turbine  speed  and 
so  different  arrangements  as  two  or  even  all  three  of 
the  pumps  on  one  shaft  and  driven  l)y  a  single  tur- 
bine may  be  used. 

THE  GENER.^TOR 

One  of  the  big  problems  in  the  general,  t  design 
was  to  get  sufficient  air  through  the  machine  to  carry 
off  the  heat  represented  by  the  losses.  This  was  a 
problem  not  only  of  getting  air  through  the  machine, 
but  it  was  also  necessary  to  obtain  sufficient  radiating 
surface.  When  it  is  realized  that  the  total  losses,  in- 
cluding air   friction,  amount  to   ^oo  or  600  kilowatts 


which  means  average  air  \  clocities  of  from  3  000  to 
^  ooo  feet  per  minute,  although  in  restricted  places 
the  velocity  is  higher.  In  general,  there  is  sufficient 
ladiating  area,  including  vent  duct  and  air-gap  sur- 
face in  the  stator,  to  radiate  approximately  two  watt? 
per  square  inch.  These  units  are  operated  in  con- 
junction with  separately  driven  fans  and.  in  general, 
use  is  being  made  of  ^cmie  ty])c  of  air  washing  or  air 
cleaning  apparatus. 

Another  feature  in  the>e  large  machines  that  has 
received  considerable  attention  is  their  ability  to 
operate  satisfactorily  under  sudden  short-circuits. 
This  has  been  taken  care  of  in  the  design  of  the  gen- 
erator in  the  shape  of  the  coil  at  the  end,  which  in 
itself  tends  to  resist  being  pulled  out  of  place  and  also 
in  the  very  rigid  coil  support  used.  This  support  con- 
sists of  a  number  of  iron  coil  supports  bolted  securely 
to  the  frame.  To  these  the  coils  are  firmly  fastened 
and  the  coils,  to  prevent  movement  among  themselves, 
are  held  firmly  apart  by  bronze  separators. 
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The  development  of  these  large  machines  was  a 
step  far  in  advance  in  the  art  and  very  complete  and 
thorough  tests  were  made.  Every  precaution  known 
at  the  present  time  has  been  taken  in  the  design  of  the 
large  turbo-generator  and  the  manufacturing  company 
has  tested  the  machines  thoroughly  in  the  factory 
whenever  it  has  been  possible.  It  may  not  always  be 
possible  to  make  complete  tests  on. a  generator,  be- 


FIC..  7 — A  7  SOO  KW  GENERATOR  AT  fl,   ANTi  AT  ()   A  2U  ClOL) 
K.V.A.   CKNKRATOR 

cause  such  features  as  voltages  and  frequencies  which 
are  not  standard  may,  perhaps,  make  such  testing 
difficult.  As  an  illustration,  however,  of  the  magni- 
tude of  the  work  done  in  the  way  of  testing  such  large 
generators,  a  number  of  machines  that  have  been  built 


TABLE  III— CHARACTERISTICS  OF  MACHINES 

TESTED 

Kilovolt 
Amperes 

Volts 

Phase 

Cycles 

R.p.m. 

12500 

6600 

3 

66S 

2000 

12500 

2;roo 

3 

60 

1800 

12850 

2300 

3 

60 

1800 

13150 

4S00 

2 

60 

1800 

18000 

12000 

3 

60 

1800 

19000 

2700 

3 

60 

1800 

19000 

8000 

3 

62* 

1875 

20000 

13200 

3 

60 

1800 

11250 

11000 

1 

25 

1500 

15800 

13200 

3 

25 

1500 

*21000 

6600 

3 

25 

1500 

*21000 

11000 

3 

25 

1500        j 

*Too  large  to  be  shipped  completely  assembled  and 
tests  made  on  rotor  only. 

and  on  which  very  thorough  tests  have  been  made  at 
each  rating,  are  listed  in  Table  III. 

The  valuable  experience  gained  from  the  tests  on 
so  many  generators  of  such  varied  characteristics  puts 


the  20CXX)  k.v.a.  generator  beyond  the  period  of  ex- 
perimentation. These  tests  have  been  most  thorough 
and  complete,  in  fact  much  more  so  than  would  have 
been  possible  if  the  tests  were  made  outside  the  fac- 
tory where  facilities  are  not  available  and  where  the 
designers  cannot  follow  the  t«sts  as  closely.  They 
have  included  the  electrical  tests  of  losses,  tempera- 
lure  tests  and  short-circuit  characteristics  and  those 
dealing  with  the  mechanical  side  including  overspeed 
lest,  tests  for  the  effect  on  the  winding  of  short-cir- 
cuits, and  tests  of  the  raw  material  going  into  the  ma- 
chine. The  temperature  test  must,  of  course,  be  a 
compromise  one  as  it  is  impracticable  to  load  directly 
such  large  units.  This  compromise  test  is  generally 
a  zero  power-factor  run  with  over-excited  field  which 
is  a  lest  under  more  severe  conditions  than  the  ma- 
chine is  to  meet  in  actual  service.  Where  a  separate 
!)lower  is  used  the  test  is  made  in  conjunction  with 
this  apparatus. 

An  excellent  illustration  of  the  advance  in 
turbo-generator  design  is  given  in  Fig.  7.  On  the 
right  at  .^  is  a  7  500  kw,  750  r.p.m.,  25  cycle  generator 
of  early  design,  and  on  the  left  at  S  a  generator  of  ap- 
proximately 20  000  k.v.a.,  I  500  r.p.m.,  25  cycles  in  the 
process  of  construction.  The  overall  dimensions  of 
these  two  machines  are  practically  the  same  with 
the  exception  that  the  outside  width  and  height  of 
the  frame  of  the  new  machine  is  approximately  six 
inches  more  than  the  old.  This  increase  in  rating 
for  practically  the  same  volume  has  been  possible 
because  of  the  experience  gained  in  the  manufacture 
of  such  a  large  number  of  large  capacity  generators. 
Many  points  of  improvement  can  be  noted  in  the 
new  machine,  such  as  the  shape  of  the  coils,  more 
efficient  bracing  of  the  coils,  and  the  ventilating  ducts 
through  the  stator  core. 

In  this  article  no  attempt  has  been  made  to  de- 
scribe the  details  of  the  construction  of  these  units 
as  much  could  be  written  on  each  machine  in  itself. 
While  the  building  of  these  units  required  much 
pioneer  work,  nevertheless,  because  of  the  long  ex- 
perience of  the  manufacturers  in  the  building  of 
turbine  generator  units,  it  was  possible  to  anticipate 
many  of  the  difficulties.  The  development  has  been 
a  process  of  evolution  and  with  greater  knowledge 
has  come  greater  possibilities.  Many,  perhaps,  have 
not  realized  the  magnitude  of  the  work  accom- 
plished and  the  number  of  these  large  units  built 
and  in  successful  operation,  and  it  was  thought  that 
a  brief  resume  of  the  field  might  prove  helpful. 


street  and   Industrial   Lighting  Units 


G.  VV.   RoosA 


TllF.  EFFICIENCY  of  light  production  is  the 
most  important  element  entering  into  the 
problems  of  lighting  by  electricity.  In  all 
classes  of  illuminants  there  have  been  great  improve- 
ments in  efficiency  in  the  past  ten  years.  In  general 
this  is  the  result  of  two  things:  first,  the  study  of 
selective  radiation  from  materials  at  incandescent 
temperatures  and  the  application  of  these  principles 
were  in  their  infancies  ten  years  ago;  second,  the  ef- 
ficiencies of  the  earlier  generators,  motors  or  trans- 
formers were  much  closer  to  loo  percent  than  those 
of  the  electrical  illuminants.  The  nature  of  the  latter 
is  such  that  a  very  high  efficiency  is  not  attainable  and 
until  recently  even  a  true  measurement  involved  diffi- 
cult calculations.  The  efficiency  of  electrical  appara- 
tus, such  as  generators,  motors  and  transformers,  is 
between  85  and  98  percent,  but  that  of  the  production 
of  light  is  in  the  neighborhood  of  five  percent.  The 
latter  figtire  is  based  on  the  actual  electrical  energy 


lems  occur,  the  principles  of  high  efficiency,  however, 
being  applicable  to  both.  The  lighting  of  streets  and 
the  illumination  of  industrial  plants  (or  indoor  light- 
ing) are  different  in  many  respects.  Each  individual 
problem  of  these  two  classes  requires  a  solution  of  its 
own.  Street  lighting,  however,  cannot  be  standard- 
ized into  stereotyped  solutions,  as  areas,  mounting 
heights  and  many  other  variations  make  it  difficult  to 
predict  the  results,  which  are  readily  predetermined 
in  indoor  ])roblems. 

STREET  LIGHTING 

The  requirements  of  street  lighting  in  general  are 
classified  into  those  for  business  districts,  resi- 
dential districts  and  outlying  territories.  The  present 
lighting  units  which  are  available  for  these  purposes 
are  shown  in  Table  I.  In  street  lighting  it  is  pri- 
marily desired  to  produce  with  the  least  cost  a  fairly 
uniform   and   sufficiently  intense   illumination  on   the 


FIG.    I — ILLU.MIN.MION    OF   .\   BUSl 


supplied  to  the  lamp  as  compared  with  the  energy- 
equivalent  secured  in  visible  radiation. 

A  consideration  of  illumination  problems  involves 
efficiency  first,  since  with  hisih  initial  efficiencies  a 
means  is  afforded  of  overcoming  all  other  objection- 
able characteristics.  For  instance,  in  the  gas  filled 
incandescent  lamp,  high  efficiency  runs  hand  in  hand 
with  high  intrinsic  brilliancy,  which  is  detrimental. 
By  enclosing  this  lamp  with  diffusing  glassware,  the 
high  brilliancy  is  eliminated  at  a  loss  of  useful  light ; 
in  other  words,  a  reduction  in  efficiency.  Still  the  loss 
is  negligible  as  the  initial  efficiency  is  ver\-  high.  Thus 
a  desirable  type  of  lighting  unit  is  secured  at  a  reason- 
able intrinsic  brilliancy  with  a  higher  ultimate  ef- 
ficiencv  than  is  obtained  with  vacuum  incandescent 
lamps. 

In  practical   work,  two  distinct  classes  of  prob- 


NESS   STREF.T    BY    .^Rl    LA  MI'S 

street  without  excessive  glare.  The  cost  includes  the 
cost  of  energv-  and  maintenance,  and  the  interest  and 
depreciation  on  lamps,  station  apparatus,  poles  and 
auxiliary  equipment.  In  all  cases  the  intensity  of  illu- 
mination is  dependent  upon  the  spacing  distances  and 
the  mounting  heights  of  the  lamps,  the  design  of 
glassware  or  reflectors  used  and  the  wattage  and  the 
distribution  of  light  from  the  lamp.  On  account  of 
the  fact  that  the  distance  between  lamps  is  commonly 
much  greater  than  for  indoor  lighting,  a  lamp  must 
distribute  its  maximum  candle-power  at  relatively 
small  angles  below  a  horizontal  plane  through  the 
source  of  light  so  that  points  midway  between  the 
lamps  will  receive  sufficient  illumination.  In  a  great 
many  cases  in  dim  light  it  is  impossible  to  see  objects 
by  the  direct  light  thrown  on  them  but  they  appear  as  a 
silhouette  against  a  lighter  background.    This  principle 
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is  made  use  of  in  lighting  residence  streets.  In  busi- 
ness sections,  window  lighting  and  electric  signs  along 
the  street  are.  quite  often,  sufficient  to  reduce  the  gen- 
eral requirements  for  the  street  to  such  an  appreciable 
extent  that  only  enough  light  need  be  furnished  to 
light  the  way  for  drivers  and  pedestrians  after  the 
end  of  business  hours,  when  window  lights,  display 
lights  and  electric  sign  lighting  are  all  turned  ofif. 

In  the  business  sections  of  large  cities,  the  illu- 
mination should  be  more  or  less  brilliant,  as  illus- 
trated in  Fig.  I,  as  uniform  as  possible  and  of  suf- 
ficient intensity  to  aid  in  preventing  congestion  of 
heavy  traffic.  The  type  of  lamp  and  means  of  sus- 
penson  should  be  of  a  pleasing  design  so  that  it  will 
not  detract  from  the  daylight  appearance  of  the  street. 

To  light  residence  streets  properly,  a  great 
amount  of  light  is  not  required,  but  the  general  illu- 
mination should  be  such  as  to  enable  one  to  consult  a 
notebook  for  an  address  or  to  distinguish  house  num- 


^'■' 


FIG:    2— MAZDA    STREET    FIXTURE    WITH    CONCEALED    WIRING 

bers.  These  streets  are  usually  narrow  and  densely 
shaded,  thus  the  lamps  must  be  mounted  low,  with 
fixtures  of  the  general  type  shown  in  Fig.  2,  and  lamps 
of  low  intrinsic  briUiancy. 

TABLE  I-TYPES  OF  ELECTRIC  ILLUMIXAXTS 
1— Vacuum  Tvpc  Macdci  Lamps  (series): 

S.5  amperes— 32,  40,  60  and  80  candle-power. 

4  0  amperes— 32,  40,  60,  80,  100,  200  and  350  candle-power. 

5.5  amperes— 32,  40,  60,  80.  100,  200  and  350  candle-power. 

6.6  amperes— 32.  40.  60,  80  and  100  candle-power. 

7.5  amperes— 32,  40,  60  and  80  candle-power. 
2— Gas  Filled  Mazda  Lamps  (scries): 

6.6  amperes—  80,   100.  250,  400  and  600  candle-power. 

7.5  amperes—  80  and  250  candle-power. 

20  amperes— 400.  600  and   I  000  candle-power. 
J— Metallic  Flame  Arc  La>iips: 

4.0  amperes— D.C.  series  272  watt  lamp. 

6.6  amperes— D.C.  series  450  watt  lamps. 
4 — Flame  Carbon  Arc  Lamps: 

6.6  ampere.  7.5  ampere,  10  ampere.  A.C.  series  lamps,  445 

watts. 
10  ampere  A.C.  no  volt  multiple  lamp.  500  watts. 
6.5  ampere  D.C.  no  volt  multiple  lamp,  715  watts. 

From  Table  I  it  will  be  seen  that  the  vacuum  type 
jMazda  lamp  is  available  for  all  kinds  of  lighting 
problems,  but  is  best  adapted  to  residence  and  interior 
lighting  of  buildings  with  low  ceilings.  The  use  of 
this  lamp  in  clusters  on  ornamental  standards  for  busi- 
ness section  lighting  is  giving  way  to  the  flame  carbon 
pillar  and  bracket  ornamental  lamps,  such  as  shown 
in  Figs.  3  and  4,  which  are  more  efficient  and  eco- 
nomical. 
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ARC  STREET  LIGHTING 

Tlic  maintenance  and  operation  costs  of  tung.sten 
cluster  lighting  for  this  class  of  street  as  compared 
with  the  costs  of  high  efficiency  arcs,  is  such  that 
when  equal  illumination  is  secured  the  expense  of 
the  former  system  is  prohibitive.  On  the  basis  of  an 
equal  number  of  units  the  flame  carbon  pillar  lamp 
gives  four  or  five  times  the  illumination  of  a  tungsten 
cluster,  consisting  of  one  100  watt 
and  four  60  watt  lamps. 

A  great  many  enclosed  carbon 
arc  lamps  are  in  use  now,  but  they 
are  rapidly  being  replaced  by  the 
four  ampere  metallic  flame  arc 
lamp,  such  as  shown  in  Fig.  5, 
which  has  higher  efficiency,  lower 
maintenance    cost    and    distributes  '     ^ 

the  maximum  light  at  an  angle  of  ^IT 

about    10  degrees   below   the  hori-  ' 

zontal,  which  makes  it  an  excellent 
street  lamp.    It  is  designed  for  two  ■ 

standard  current  ratings  of  4  and 
6.6  amperes  and  in  both  cases  re- 
quires   about   68    volts    per   lamp.  •' 
The  efficiency  is  between  0.45  and 
0.55  watts  per  mean  lower  hemis- 
pherical candle-power.    This  is  dis- 
tinctly  a   direct-current   lamp    and 
operates  in  series  on  constant-cur- 
rent  circuits    supplied    from    con- 
stant-current   generators    or    recti- 
fiers.    It   burns   a   one-half   by    16 
inch  homogeneous  upper  electrode 
of   metallic    oxides    consisting    of 
magnetite  titanium  and   chromium  '; 
and   a   lower    electrode   or    button                    ,,^ 
composed  of  iron  and  copper.    The 
light    produced    is    white    and    ap- 
proaches that  of  sunlight.    The  life 
of  each  trim  of  electrodes  is  from 
250  to  300  hours  in  the  four  ampere 
lamp  and  from  115  to  150  hours  in 
the  6.6  ampere  lamp.     During  this 
life  a  small  quantity  of  soft  red  ash, 
commonly  called  soot,  accumulates      nc.  3  —  pillar 

,      .  ,     ,  TU:?.  TYPE  FLA.ME  C.\R- 

m  the  bottom  of  the  globe.     IniS,         ^^^    ^^^    ^^^^p 

however,  does  not  detract  from  the         on   a   14.5  foot 
.,,        .        .  ,         ^       ^   u  O  R  X  a  M  E  N- 

illumination  on  the  street  because  ^^^^  pillar 

the  lamp  is  so  ventilated  as  to  keep 
the  globe  clean.    The  soot  is  readily  remo\ed  by  dump- 
ing it  out  of  the  globe    and    by  running  a    brush    up 
through  the  chimney  of  the  lamp. 

The  usual  station  equipment  for  a  metallic  flame 
street  lighting  equipment  consists  of  a  constant  cur- 
rent rectifier  regulating  transformer,  as  shown  in 
Fig.  6,  and  a  suitable  control  panel.  The  efficiency 
of  such  a  system  at  full  load  is  about  92  percent  and 
the  power-factor  is  about  65  percent.     Direct-current 
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arc  macliines  of  proper  current  capacity  can  be  used 
instead  of  the  constant-current  rectifier  if  available, 
but  at  considerably  reduced  efficiency  from  that  indi- 
cated above.  Station  equipments  for  metallic  flame 
arc  lamps  can  be  obtained  for  operation  on  any  fre- 


FIG.   4 U  Hilt:    WAV     Kl.AMK    I  AKHUN     ARC    LAMP    O.N 

ORN.\.MF..NTAL  BRACKET 

quency  from  25  to  60  cycles  and  in  25,  35,  75  and 
loo-light  capacities  and  for  almost  any  primary 
voltage  between  i  100  and  13  200  volts. 

The  most  efticient  illuminant  for  street  lighting 
is  the  long  burning  flame  carbon  arc  lamp,  on  installa- 
tion of  which  is  shown  in  Fig.  7.  When  this  lamp  is 
mounted  at  22  to  27  feet  above  the  pavement  clear 
glassware  can  In-  im"1.   -avA   a   yrvx  c^onri   distribution 


series  lamp  which  operates  at  ten  amperes  and  45  to 
50  volts  at  the  arc,  and  consumes  445  true  watts  at  the 
lamp  terminals,  is  best  adapted  for  street  lighting. 
The  efficiency  of  light  production  is  approximately 
0.32    watts    per    mean    lower    hemispherical    candle- 


FIG.    6 — 50-UGHT    CO.VST.ANT-CURRF.XT    MERCURY    RECTIFIER    FOR 
METALLIC    FLAME    ARC    LAMPS 

power  when  white  light  carbons  and  clear  globes  are 
used,  as  shown  in  the  illumination  curve,  Fig.  9. 
The  maximum  candle-power  is  distributed  at  five  to 
ten  degrees  below  the  horizontal  when  clear  globes 
are  used  and  at  30  to  40  degrees  when  Alba  outer  and 
clear  inner  globes  are  used.  Impregnated  flame  car- 
bons. se\en-eighths    of    an    inch  in  diameter    and    14 


^-    ^       '"'  ')N'    POLE  Kli,.    7— INSTALLATION-    OF    FL.\MK    CARBON    ARC    LAMPS 

of  light  results.     Under  these  conditions,  the  efliciency  inches  long  are  used,  giving  a  life  of  no  to  150  hours 

IS  better  than  0.3  of  a  watt  per  candle-power  and  the  per   trim.     Either   white   or   vellow   light-producing 

maintenance  cost  is  lower  than  that  of  the  high  ef-  carbons  are  available,  although  the  white  light  car"^ 

ficiency  gas   filled   lamps   which   give   practically  the  bons  are  more  suitable   for  street   lighting.     Flame 

same    number    uf    lumens.     The    alternating-current  carbon  lamps  can  be  obtained  for  all  commercial  cir- 
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.  cuit-s,  both  aUirnating  and  direct-current,  and  in 
either  suspension  or  pillar  type  design.  The  per- 
formance of  the  two  types  are  practically  the  same, 
since  the  mechanism  of  the  pillar  lamp  is  the  same  as 
that  of  the  suspended  type  with  hut  a  few  minor 
changes  to  adapt  it  to  the  pillar  mounting.  Compara- 
tive electrical  and  illuminating  performances  of  some 
of  the  [tresent  types  of  arc  lamps  are  given  in  Table  II. 


FIG.    8 — XIGHT    ILLUMINATION    ON     A    BUSINESS     blkEHT    LIGHTED 
BY    SERIES    FLAME    CARBON    ARC    LAMPS 

The  necessary  station  equipment  for  a  circuit  of 
flame  carbon  lamps  consists  of  a  constant-current 
regulating  transformer  and  suitable  control  panel. 
The  full-load  efficiency  is  about  95  percent  and  the 
power-factor  is  approximately  60  percent.  Constant- 
current  regulators  can  be  obtained  for  6,  12,  18,  25. 
35.  50-  7i  ^nd  lOO-light  capacities  and  for  primary 
voltage  up  to  1 1  000  volts. 

INCANDESCENT  STREET  LIGHTING 

]\Iazda  lamps  are  of  two  distinct  types,  which  for 
convenience  are  designated  as  vacuum  Mazda  and  gas 

TABLE  II 


Type  of  Lamp     j^^^^^ 


D.  C.  open  

D.  C.  enclosed ... 
D.  C.  met.  flame... 
D.  C.  met.  flame. 

A.  C.  enclosed 

A.  C.  Series  Flame 
Carbon 


9.6 

6.6 

4. 

6.6 

6.6 

10. 


Ter- 

1 
Ter- 

minal 

minal 

Volts 

Watts 

50 

480 

75 

480 

68 

272 

68 

449 

76 

411 

55 

445 

,,  Watts  per 

Mean         ,,     '^ 
Mean 


Lo^ver 

Hemis. 

Cp. 


Lower 

Hemis. 

Cp. 


840 
466 
495 
980 
210 

1400 


0.57 
1.03 
0.55 
0.46 
1.96 

0.317 


Note — The  values  given  in  above  table  and  curves  are  only 
approximate. 

filled  Mazda  lamps.  The  latter  have  been  recently 
placed  on  the  market  in  this  countr}^  and  for  this  rea- 
son actual  operating  data  is  not  available.  The  efficien- 
cies vary  from  0.75  to  0.5  watts  per  mean  horizontal 


candle-power  depending  upon  the  size  of  the  lamp. 
The  present  difficulty  with  the  gas  filled  lamps  is  that 
they  run  extremely  hot  and  it  is  necessary  to  protect 
them  by  enclosing  cases  when  they  are  operated  out- 
doors. Due  to  the  fact  that  these  lamps  have  a  very 
high  intrinsic  brilliancy  (in  the  neighborhood  of  the 
intrinsic  brilliancy  of  the  jellow  flame  carbon  arc)  they 
should,  if  mounted  low.  be  enclosed  in  a  diffusing 
globe  in  order  to  reduce  the  glare  effect. 

Many  designs  of  series  Mazda  lamp  street  hoods, 
such  as  shown  in  Fig.  10,  are  available  for  both  the 
vacuum   type  and  the  gas  filled  type  of  lamp.     For 
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Fir,,    g — DISTRIBUTIOX    OF   LIGHT    FROM    AN    .\LTERNATING-CURRENT 
FL.\ME    C.\RBON   .\RC   L.\MP 

A — Clear  outer  globe. 
S — .\lba  outer  globe. 

Street  lighting  purposes  most  lamps  are  operated  on 
the  constant-current  regulator  system,  but  many  in- 
stallations are  on  constant  potential.  In  the  latter 
case,  what  is  known  as  the  adjuster  socket  system  is 
used,  a  transformer  or  auto-transformer  supplying  a 
constant  current  from  a  constant  potential  through 
the  use  of  shunt  reactance  coils.  A  study  of  Figs.  11, 
12  and  13  gives  a  good  idea  of  the  adjuster  socket 
system,  which  works  in  the  following  principle : — 

A  reactance  coil  is  shunted  across  each  lamp,  its 
characteristics  being  such  that  when  the  lamp  is  burn- 
ing only  a  very  small  magnetizing  current  is  taken. 
which  is  nearly  90  degrees  out  of  phase  with  the  lamp 


FIG.    lO-pMAZDA    STREET    HOOD    FOR   C.\BLE    SUSPENSION 

current.  When  the  lamp  is  burned  out.  the  entire 
current  is  forced  through  the  reactance  coil,  w-hose 
impedance,  due  to  the  change  in  phase  relations,  is 
then   approximately   equal   to   the   previous   combined 
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impedances  of  the  coil  and  lamp.  This  reactance  is 
about  three  times  as  large  as  the  lamp  resistance,  and 
is  an  average  value ;  for  the  first  few  coils  to  be  cut 
in  should  have  a  little  higher  value  to  keep  the  im- 
pedance large  enough,  and  those  cut  in  after  about  30 


Supply 
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^    and  Taps 


(^'^Broken  Lamp 
Coil  Operating 

FIi;.    H — ADJUSTF.K    SOCKKT    SYSTEM    SHOWING    OPERATION    OF 
REACTANCE   COILS   TO   REPLACE   LAMPS 

percent  outage  should  Iiave  less  to  keep  the  impedance 
down,  but  as  it  is  impossible  to  predict  which  coil  will 
operate  first,  an  average  value,  one  that  will  keep  the 
highest  rise  below  3.5  percent,  is  necessary.  As  the 
outages  increase  the  current  wave  form  becomes  dis- 
torted, which  decreases  the  reactance  in  the  circuit 
and  the  impedance  does  not  increase  as  rapidly  as  at 
first,  thus  tending  to  maintain  the  current  value  and 
accounting  for  the  peculiar  turn  the  curves  take  for 
the  different  wattage  coils  after  the  outage  reaches  40 
or  50  percent.  The  curve  given  in  Fig.  13  is  an 
average  curve  for  reactance  coils  of  various  watt- 
ages.  As  a  rule  very  low  outage  is  experienced  in 
actual  practice  with  the  adjuster  socket  system  as  the 
patrol  systems  of  most  central  stations  eliminate  high 
outage. 

The  gas  filled  Madza  lamp  is  gradually  finding 
its  place  in  street  lighting,  but  at  present  is  used  only 
in  .small  installations.  The  necessity  for  large  cur- 
rents and  the  problem  of  dissipating  the  heat  gen- 
erated seems  to  be  limiting  its  use.  However,  its  in- 
troduction into  general  use  will  result  in  better  incan- 
descent lamps  and  im])roved  arc  lamps.  Each  lamp 
will    have    an    ajiplication    to    which    it  is  best  fitted. 


FIG.    IJ — ARRANGEMENT    OF    TAPS    ON    SPECIAL    TRANSFORMER    FOR 
USE    WITH    THE    ADJUSTER    SOCKET    SYSTEM 

Further  increases  in  efficiency  will  be  more  readily  at- 
tained in  the  arc  lamp  than  in  the  incandescent  lamp. 

CURRENT  REGUL.XTORS 

Air-cooled  constant    current    regulators    tor    arc 


lamps  and  tungsten  series  systems  have  also  undergone 
improvements.  The  old  pancakc-shai>ed  coil  type  has 
been  superseded  and  regulators  with  ventilated  coils,  as 
shown  in  Fig.  14,  are  designed  for  6.6  amperes  or  7.5 
amperes  as  well  as  10  amperes  for  flame  carbon  arcs. 
Operating  companies  can  use  regulators  for  either 
arc  or  incandescent  lamps  with  very  small  changes. 
In  systems  where  the  larger  percentage  of  the  lamps 
are  incandescents  a  dash  pot  is  not  necessary,  but 
where  more  than  20  percent  of  the  voltage  is 
consumed  by  arc  lamps,  a  dash  pot  is  neces- 
sary. The  coils  are  wound  in  two  layers  of  rec- 
tangular wire  per  coil  in  the  large  sizes,  and  round 
wire  in  the  small  sizes.  One  edge  of  the  cotton  cov- 
ered wire  is  exposed  to  air,  except  where  protection 
is  necessary  in  bringing  out  leads  and  where  the  out- 
side and  the  inside  coils  are  close  to  the  core.  The 
regulators  have  taps  available  on  2  200  volt  windings 
to  give  normal  operation  on  2  400  and  2  000  volts. 
This  arrangement  makes  it  possible  to  obtain  full-load 


FIG.    13 — CURVES    SHOWING    CHARACTERISTICS    OF    ADJUSTER 
SOCKET   SYSTEM 

jjower- factor  on   voltages  somewhat  higher  or  lower 
than  2  200  volts. 

As  a  result  of  the  use  of  ventilated  coils  much 
lower  temperature  rise  is  experienced,  thus  making  it 
possible  to  use  them  in  very  warm  localities.  The  air 
circulates  freely  about  the  coils  and  hot  spots  which 
may  endanger  the  insulation  are  eliminated,  as  the  coils 
are  never  over  one-half  inch  in  thickness. 

INDUSTRIAL  LIGHTING 

For  industrial  lighting  there  are  as  many  lighting 

units  available  as   for  street  lighting.     Combinations 

of  Mazda  and  arc  lamps  with  various  reflectors  and 

globes   are   designed    for   all   common   industrial    and 

power  circuits.     The  following  lamps  are  available: — 

I — Vacuum  Mazda  lamps. 

2 — F.nclo,>icd  carluin  arc  lamps   (mill  type). 

3 — Ga.s  filled  Mazda  lamps. 

4 — Flame  carbon  arcs. 

5 — Vapor  tubes. 

The  problems  to  be  met  in  industrial  lighting  are 

much  the  same  as  those  for  store  and  office  lighting. 

Given  areas  with  given  ceiling  heights  have  made  it 

possible  to  standardize  on   lamp  sizes  and   reflectors 
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thus  enabling  the  layman  to  plan  lami)  locations  which      nomical  and  the  long  life  of  the  carbons,  no  hours,  in- 


will  give  a  predetermined  average  illumination  on  the 
working  plane.  Most  industrial  plants  have  high 
roofs  and  cranes  from  2;  to  ;n  feet  alxnc  the  work 


FIG.  14 — WESTI.NoHi.L  .--t  CUN  >T.\NT-CURR£.\T  RLijUL.MIXG  TR.\XS- 
FORMER  FOR  M.\ZD.\  L.\MPS  OR  FL.\ME  CARBON  -\RC  LAMPS 
(ONE-H.\LF   OF  COVER   REMOVED) 

being  done.  Here  the  use  of  incandescent  lamps  is 
seldom  satisfactory.  Flame  carbon  arcs  with  or  with- 
out reflectors  are  commonly  employed,  a  typical  ex- 
ample   being    shown  in  Fig.  15.     The  distribution  of 


FIG.    15 — ILLUMIN.\TION    OF    1XDUSTRI.\L    PL.WT    BY    FL.\ME 
C.\RBOX   .\RC   L.\MPS 

light  may  be  concentrated  as  shown  in  Fig.  16.  This 
leflector  is  attached  to  the  bottom  of  the  condenser 
chamber  and  no  outer  globe  is  necessary.  For  this 
class  of  liditins:  the   flame  carbon   arc   is   most  eco- 


sures  a  minimum  of  outages  for  trimming  during 
working  hours.  Many  plants  are  installing  the  iiu 
hour  lamj)  in  place  of  the  open  flame  arc  with  a  reduc- 
tion in  maintenance  and  operation  costs  sufficient  to 
more  than  pay  for  the  lamps  in  ten  months.  The  aver- 
age cost  of  carbons  and  trimming  labor  on  open  flame 
carbon  arcs  is  about  $55  per  lamp  year  as  against  S-^ 
l)er  lamp  year  for  the  long  burning  lamp. 

Large  sizes  of  gas  filled  tungsten  lamps  with 
suitable  reflectors  will  be  used  to  some  extent  for 
lighting  in  high  bays,  but  give  lower  efficiency  and 
higher  renewal  costs  for  an  illumination  equal  10  that 
of  a  flame  carbon  arc  installation. 

In  some  cases  of  industrial  lighting  low  ceilings 
exist,  and  vacuum  Mazda  lamps  of  small  candle- 
power,  closely  spaced,  give  excellent  illumination.  For 
such  installations  the  initial  costs  of  wiring,  sockets 


FIG.  16 — CURVES  SHOWING  COXCENTR.\TION  OF  LIGHT  FROM 
FL.\ME  CARBON  ARCS  EQUIPPED  WITH  REFLECTORS  FOR  INDUS- 
TRIAL  PLAXT  LIGHTING 

A — .'Mlernating-current  multiple  arc. 
B — Direct-current  multiple  arc. 

and  reflectors  is  high.  The  wattage  per  square  foot 
is  also  higher  than  in  the  larger  bays  where  carbon 
lamps  can  be  used. 

In  the  average  industrial  plant  220  volts  direct 
current  or  no  volts  alternating  current,  is  the  com- 
mon service.  For  220  volt  direct-current  circuits 
the  multiple  series  flame  carbon  arc  is  often  used  as  a 
so-called  "power  circuit"  lamp.  It  is  so  designed  that 
either  two  or  four  lamps  can  be  operated  in  series  on 
constant  potential.  If  one  lamp  burns  out  the  re- 
mainder continue  to  operate,  as  each  lamp  is  con- 
structed with  an  internal  substitutional  resistance 
which  takes  up  the  voltage  that  was  consumed  by 
the  lamp. 


Improving  Air  Conditions 


E.  E.  Garlits 


THAT  the  air  in  which  we  live  and  breathe 
should  be  absolutely  pure,  all  agree.  Such  a 
condition,  however,  is  ideal  and  is  never 
reached  except  in  the  "great  out  doors."  In  towns 
and  cities  pure  air  seldom  exists,  due  mostly  to  ac- 
cumulations of  smoke,  fumes,  odors,  etc.,  given  off 
by  manufacturing  processes.  Added  to  all  these  is  the 
exhaled  air  of  animals  and  persons,  containing  besides 
carbon  dioxide  large  quantities  of  decomposing  or- 
ganic matters.  In  large  cities,  the  proximity  of  build- 
ings i)rcvcnts  the  natural  circulation  of  air  and  the 
almost  total  absence  of  plant  life  prevents  the  absorp- 
tion of  carbon  dioxide  that  would  ordinarily  take  place. 
In  confined  places  where  people  gather,  these  condi- 
tions arc  greatly  intensified,  so  much  so  that  they  form 
a  serious  problem  and  make  it  absolutely  necessary  to 
resort  to  some  plan  for  the  removal  of  vitiated  air,  or 


FIG.    I — TVI'ICAL    IXST.\IX.\TION    OF    VE.NTILATINC    F.\NS    IN    A 
.MOVI.VG    PICTURE    THE.\TKE 

the  destruction  of  the  harmful  substances  which  it 
contains.  During  the  warm  summer  months  the  fore- 
going conditions  are  intensified  and,  even  if  the  air 
should  not  be  vitiated,  the  oppressiveness  of  close, 
heated  interiors  becomes  unbearable.  To  alleviate 
ilicsc  conditions  the  small  portable  and  non-portable 
fans  have  been  introduced  and  the  judicious  use  of 
these  "buzzy  bodies"  goes  a  long  way  toward  making 
the  many  millions  of  our  cities  cool  and  comfortable, 
whether  at  work  or  at  rest. 

Fan  motors,  according  to  their  application,  are 
divided  into  two  classes.  First,  those  which  remove 
or  exhaust  vitiated  air  and  are  commonly  called  ex- 
haust or  ventilating  fans.  Second,  agitation  fans  made 
in  desk  and  bracket  and  ceiling  types  and  which  are 
most  commonly  used.  These  fans  do  not  exhaust,  but 
stir  up  or  agitate  the  air.     They  may,  however,  be  so 


directed  as  to  aid  in  directing  the  air  currents  toward 
exhausting  fans  but  their  effectiveness  is  not  materi- 
ally lessened  if  this  is  not  always  done. 

EXHAUST  OR  VENTILATING  FANS 

Exhaust  or  ventilating  fans  are  less  common  than 
the  desk,  bracket  and  ceiling  types.  This  is  probably 
because  they  do  not  cool  the  air  and  are  therefore  not 
so  readily  appreciated.  This,  however,  does  not  indi- 
cate that  they  are  not  as  useful,  for  it  is  absolutely 
necessary  that  the  vitiated  air  in  such  places  as  the- 
atres, nickelodeons,  kitchens  and  places  of  like  char- 
acter be  removed.  As  previously  stated,  this  exhaust- 
ing of  vitiated  air  does  not  produce  cooling  unless  the 
air  coming  in  to  replace  that  exhausted  is  cold  and  this 
is  seldom  possible. 

Small  exhaust  fans  for  installations  of  this  kind 
are  from  12  to  16  inches  in  diameter  and  can  be  op- 
erated from  the  usual  lighting  circuit  and  controlled 
Iv  a  snap  switch.    They  are  easily  mounted  in  a  wall 
TABLE  I— FRESH  AIR  REQUIRED  PER  PERSON'. 
Applirntinn.  Cu.  Ft.  per  Minute.  1 

Tfieatres 20 

Work  shops 25 

Xickelodeniis .■?0 

Offices '  40 

Schools 40  I 

C.cneral   hospitals 40 

Kitchens 60 

Contagious  hospitals '*■> 

or  partition  but  should  not  lie  uiiciaicd  against  [•rc>surc 
iir  through  a  flue  over  one  foot  in  length.  If  intake 
or  exhaust  pipes  are  unavoidable,  they  should  be  made 
as  short  as  possible  and  bends  or  turns  avoided. 

An  excellent  plan  for  installing  exhaust  fans  in 
the  ordinary'  nickelodeon  is  to  provide  two  openings 
for  each  fan,  one  near  the  floor  and  one  near  the  ceil- 
ing. During  the  winter  months  the  fan  is  mounted 
in  the  opening  near  the  floor  and  thus  removes  the 
heavy  odors  without  removing  the  warm  air  and  over- 
taxing the  heating  equipment.  During  the  summer 
the  fans  are  placed  in  the  openings  near  tlie  ceiling 
and  exhaust  the  warm,  stuffy  air  which  collects  rap- 
idly iiear  the  ceiling  at  this  time.  Where  provision 
cannot  be  made  for  two  locations,  the  one  near  the 
ceiling  is  preferable. 

In  determining  the  size  and  number  of  exhaust 
fans  required  for  the  common  installations,  Table  I 
will  be  useful.  These  figures  indicate  the  quantity  of 
air  necessarv'  per  minute  per  person  and  it  is  therefore 
not  necessarj-  to  consider  the  cubical  contents  of  en- 
closures when  using  this  table. 
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Knowing  the  average  number  of  occupants  in  any 
case,  the  total  quantity  of  air  required  is  readily  calcu- 
lated. Then,  as  manufacturers  always  specify  the 
cubic  feet  of  air  delivered  jier  minute  by  the  various 
fans  and,  keeping  in  mind  that  the  air  should  not  be 
changed  more  often  than  once  in  five  minutes  to  avoid 
creating  objectionable  draughts,  it  is  comparatively 
simple  to  calculate  the  number  and  size  of  fans  re- 
quired. In  determining  the  number  of  fans  required, 
sources  of  natural  \entilation,  such  as  skylight  win- 
dows and  doors  should  not  be  overlooked,  as  these  gen- 
erally reduce  the  number  of  fans  theoretically  required 
by  one  third  to  one  half.  No  more  than  six  i6-inch 
fans  should  be  recommended  for  any  one  installation 
and  where  more  than  this  number  are  required  fans 
of  larger  diameter  should  be  resorted  to. 

Fans  should  not  be  arranged  to  draw  the  air  in- 
ward to  replace  that  exhausted.  If  this  is  done, 
draughts  will  be  created  which  are  objectionable.  The 
air  coming  into  the  room  should  be  allowed  to  come 
freely  and  care  should  be  taken  to  see  that  it  comes 
from  a  pure  source  and,  of  course,  through  openings 
near  the  floor  provided  for  that  purpose. 

To  reduce  the  blade  noises  six  blade  exhaust  fans 
operating  at  low  speed  are  rapidly  superseding  the 
older  four  blade  fans.  A  well  designed  fan  of  this 
type  having  i2-inch  blades  will  deliver  i  ooo  cubic 
feet  of  air  per  minute  when  running  at  a  speed  of  ap- 
proximately I  ooo  r.p.m.,  and  a  i6-inch  fan,  1 800 
cubic  feet.  The  power  required  to  operate  such  fans 
is  very  small,  the  12-inch  fans  requiring  but  36  watts 
and  the  16-inch  fans  but  90  watts.  Minimum  atten- 
tion is  required,  since  oiling  once  a  season  is  usually 
sufficient. 

It  is  sometimes  desired  to  mount  the  exhaust  fans 
in  the  flues  of  hoods  conveying  fumes,  smoke  and  the 
like  from  stoves,  etc.  This  is  never  recommended  as 
the  solid  matter  in  the  air  being  drawn  througn  the 
motor  windings  is  deposited  there  and  sooner  or  later 
results  in  a  breakdown.  In  the  case  of  direct-current 
motors,  frequent  attention  would  be  required  to  keep 


for  kitchens  and  lavatories  and  places  of  like  charac- 
ter and  excellent  results  have  been  obtained  from  in- 
stallations of  this  ty])e. 


AGITATOR    FANS 


It  is  not  generally  known  that  beside  the  cooling 
effects  of  agitator   fans,  the  physical  discomfort  ex- 


FIG.    3 — A    CONVENIENT    AND    APPROPRIATE    LOCATION    FOR    A 
LIVINC.   ROOM    FAX 

perienced  in  breathing  partly  vitiated  air  can  be  elimi- 
nated and  no  ill  effects  felt  from  breathing  it  if  the 
air  is  stirred  up  by  agitator  fans.  The  belief  that  viti- 
ated air  acts  directly  on  the  lungs  has  been  disproved 
by  Dr.  Leonard  Hill,  of  London,  who  has  shown  that 
the  effect  is  transmitted  through  the  skin.  Keeping 
this  in  mind  it  is  readily  understood  why  the  turning 
on  of  an  agitator  fan  in  a  stuffy  room  gives  instant 
relief  without  perhaps  creating  any  actual  ventilation. 
Many  types  of  agitator  fans  have  made  their  way  into 
the  market,  each  being  a  modification  of  previous 
types  and  arranged  for  the  particular  application  for 
which   it   is   intended.     The   variations   in  design  are 


FIG-   2 — A    SIX-BLADE   WESTINGHOUSE    EXHAUST   FAN 


FIG.    4 — AN    AGITATOR    FAN    OF    THE    OSCILLATING    TYPE 


the  commutator  in  running  condition.  Even  the  sup-  mostly  made  with  reference  to  the  method  of  mount- 
plying  of  totally  enclosed  motors  does  not  render  the  i"g-  Thus  we  have  ceiling,  counter  and  floor  column 
fan  satisfactory  and  a  small  motor-driven  blower  in  fans ;  ordinary  desk  and  bracket  fans ;  telephone 
which  the  air  is  not  drawn  through  the  motor  should  booth,  railway  coach,  Pullman  berth  and  limousine 
be  used.  The  installing  of  exhaust  fans  in  the  upper  fans.  L^pright  and  bracket  mounted  fans  are  made' 
half  of  the  windows  or  in  transom-^  i<  most  effective  in   stationary   and   oscillating   types.     The   oscillating 
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fan  is  a  great  improvement  on  the  stationary  fan  since 
it  distributes  a  breeze  over  a  large  area  by  swinging 
from  side  to  side  and  can  be  used  in  many  places  where 
a  fan  giving  a  steady  breeze  in  one  direction  might 
be  objectionable.  Persons  in  the  immediate  vicinity 
of  a  fan  sometimes  object  to  a  fan  blowing  on  them 


FIC.    5-     AN    EFFECTIVE   LOCATION    FOR    AN    OSCILLATING    FAN 

continuously  but  are  not  disturbed  by  an  occasional 
breeze. 

If  it  were  not  for  electric  fans,  most  of  our  nick- 
elodeons and  small  theatres  would  be  compelled  to 
close  their  doors  as  soon  as  warm  weather  arrives.  )iy 
means  of  agitator  fans  places  of  this  kind  are  usually 
well  equipped  to  keep  their  patrons  cool  and  comfort- 
able. In  locating  fans  in  nickelodeons  they  should 
be  placed  along  the  side  walls  25  feet  apart  and  ju.-t 
high  enough  not  to  be  touched  by  persons  walking  be- 
neath them.  With  an  auditorium  25  feet  wide  or  less, 
12-inch  fans  will  suffice  and  the  16-inch  fans  for  audi- 
toriums in  excess  of  this  width.  The  angle  of  incli- 
nation of  the  fan  should  be  such  that  a  line  through 
the  shaft  center  would  fall  three  feet  short  of  the 
center  of  the  auditorium.  If  the  fans  are  stationary, 
they  should  be  directed  slightly  in  the  direction  of  the 
fans  exhausting  the  vitiated  air.  Oscillating  fans, 
however,  give  more  satisfactory  results. 

In  theatres  having  balconies  30  to  35  inch  ceiling 
fans  should  be  mounted  beneath  them  and  spaced  20 
to  25  feet  apart  each  way.  If  the  balconies  are  suf- 
ficiently high  to  permit,  50  to  60  inch  fans  can  be  util- 
ized and  hung  30  to  40  feet  apart  each  way.  Care 
should  be  taken  in  hanging  ceiling  fans  under  balconies 
to  see  that  they  do  not  interfere  with  the  line  of  vision 
from  the  highest  seats  in  the  rear. 

In  restaurants,  stores,  offices  and  places  of  like 
character,  the  arrangement  of  the  interior  will,  in 
most  cases,  determine  whether  the  desk,  bracket  ceil- 
ing, counter  or  floor  column  fans  should  be  used.  For 
interiors  not  more  than  25  feet  in  width,  12-inch  fans 
-ihould  be  placed  along  the  walls  every  25  feet.     In- 


terior.s  in  excess  of  this  width  will  require  16-inch 
fans.  If  either  12  or  16  inch  oscillating  fans  are  used 
they  can  be  spaced  30  feet  apart  along  the  walls  and 
with  more  efficient  results.  There  are  many  interiors, 
especially  in  stores  where  the  wall  space  is  taken  up 
by  shelves,  etc.,  and  if  no  columns  are  available  for 
mounting  bracket  fans,  it  will  be  necessary  to  use 
either  ceiling,  floor,  or  counter  column  fans.  When 
used  for  interiors  25  feet  wide  or  less  ceiling  fans 
should  be  from  30  to  35  inches  in  diameter  and  placed 
25  feet  apart  on  a  line  through  the  center  of  the  store. 
For  larger  interiors  two  rows  of  30  to  35  inch  fans, 
or  one  row  of  50  to  60  inch  fans  should  be  used.  The 
small  fans  should  be  placed  20  to  25  feet  apart  each 
way  through  the  center  of  the  store  and  give  a  better 
distribution  than  the  larger  fans  which,  if  used,  should 
be  placed  30  to  35  feet  apart  each  way  in  a  similar 
manner. 

Counter  and  floor  column  fans  are  used  where 
ceilings  are  too  high  for  mounting  ceiling  fans  or 
where  they  would  be  objectionable  on  account  of  the 
appearance  or  construction  of  the  ceiling.  Fans  of 
either  the  counter  or  floor  column  type  are  mounted 
along  the  counters  one  every  30  or  40  feet.  Floor  col- 
umn fans  may  be  mounted  30  to  40  feet  each  way  in 
such  places  as  depots,  restaurants  and  lobbies,  with 
very  satisfactory  results. 

The  extreme  ease  of  portability  of  desk  and 
bracket  fan  makes  it  possible  with  but  one  fan  in  the 
home  to  adopt  it  to  many  uses.  Six  blade  or  residence 
fans  are  especially  adapted  to  home  use.  .\s  the  blades 
do  not  move  so  fast,  they  make  less  noise  than  four 
blade  fans  and  still  blow  as  much  air  with  the  same 
[)ower  consumption.  A  well-designed  residence  fan 
with  a  12-inch  diameter  blade  is  very  economical  in 
the  current  it  consumes  and  will   run  two  and  one- 


FIO.    6 — AN    ATTRACTIVE   CEILI.NG    F.\N    FOR    RESTAURANTS. 
THEATRES    AND    ■:1MIL.\R    PLACES 

half  hours  on  a  cent's  worth  of  current.  The  smaller 
eight-inch,  four-blade  fan  will  run  five  hours  for  one 
cent  and  the  breeze  it  will  give  is  quite  astonishing. 
One  of  these  eight-inch  fans  placed  upon  an  open 
window  sill  at  night  directed  inward- will  ke*p  a  fair 
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sized  bed  room  cool  and  comf(jrlal)le.  A  large  room 
would,  however,  require  a  12-inch  fan.  In  using  fans 
in  the  bed  room,  a  small  eight-inch  fan  placed  near 
a  baby's  crib  will  aid  most  effectively  in  promoting 
restful  slumber,  but  care  should  be  exercised  not  to 
have  the  fan  blowing  directly  on  the  child.  The  same 
care  should  be  taken  in  the  case  of  older  persons  as 
a  strong  current  of  air  so  directed  might  result  in  de- 
veloping slight  colds. 

Mealtime  on  warm  days  is  something  very  trying 
as  it  is  generally  not  possible  to  secure  natural  circula- 
tion or  make  provision  for  dining  outdoors.  At  this 
time,  a  12-inch  fan.  either  stationary  or  oscillating, 
will  be  greatly  appreciated  and  can  be  mounted  on  an 
open  window  sill  blowing  inward  so  as  to  aid  any  nat- 
ural circulation,  or  placed  upon  a  mantel,  or  mounted 
as  a  bracket  fan  on  a  nearby  wall.  .\  similar  arrange- 
ment can  be  used  for  a  library  or  li\ing  room  wilii 
most  gratifying  results. 

The  home  kitchen  should  be  carefully  ventilated, 
especiallv  in  the  warm  weather,  and  a  most  effective 


7 — KKiTAL'KANT    EiJUU'I'tli    VM  I  11     U  l->ii NGHOUSE 
FLOOR   COLUMN    F.\NS 


method  to  insure  the  removing  of  heated  air  is  to 
swing  the  transom  of  an  outside  door  from  the  top 
and  in  the  "\"'  shaped  opening  formed  at  the  end 
mount  an  eight-inch  fan  to  blow  outward.  If  the  fan 
is  set  slightly  back,  the  transom  can  be  opened  or 
closed  at  any  time  without  disturbing  the  position  of 
the  fan.  This  will  serve  to  remove  the  heated  air 
while  a  second  eight-inch  fan  may  be  placed  nearby  on 
an  open  window  sill  and  directed  inward.  \\  ith  this 
arrangement,  the  summer  meals  can  be  prepared  in 
comfort  and  coolness. 

There  are  people  who  pack  their  fans  away  when 
Jack  Frost  comes,  but  the  wise  man,  if  he  has  a  hot 
water  heating  system  in  his  house,  will  place  his  fan 
on  the  floor  close  to  the  radiator  and  directed  at  it, 
thus  securing  better  heat  distribution.  In  one  case, 
last  winter,  during  one  of  the  extremely  cold  days 
when  the  heatins?-  system  was  being  taxed  to  the  ut- 
most and  the  family  were  huddled  around  in  rather 


lukewarm  groups,  one  (jl  the  boy.s  remembered  the 
faithful  little  fan  which  had  helped  to  keep  them  cool 
the  previous  summer  and  wondered  if  it  could  noi 
circulate  some  of  the  warm  air  from  the  radiator.  He 
hastened  to  unearth  the  fan  from  its  resting  place  and 
the  exclamations  of  delight  as  the  room  warmed  up 
indicated  that  another  family  had  discovered  that  the 


FIG.    8 — A    COXVKXIENT    L0C.\.1">     r-.^    .>N    ...,-..:,  l,;r.,s    IX    A 
REST.\URAXT 

use  of  the   fan  motor  does  not  cease  with  the  close 
of  summer. 

In  the  case  of  homes  having  hot  air  heating  sys- 
tems, the  cold  air  inlet  pipe  is  generally  extended  to 
the  exterior  of  the  basement  to  insure  a  good  circula- 
tion. On  extremely  cold  days  this  results  in  overtax- 
ing the  furnace,  a  contingency  which  can  be  avoided 


FIG.    9 — OZONIZER    EgUIPMENT    IX    AX    OFFICE 

by  removing  all  the  cold  air  pipe  except  one  short  sec- 
tion next  to  the  furnace  and  setting  a  12-inch  fan  in 
front  of  the  open  pipe.  This  gives  a  much  better  cir- 
culation and  supplies  the  furnace  with  air  that  is  al- 
ready partly  heated  and  increases  the  heating  capacity 
without  forcing  the  fire.    As  the  air  of  most  basements 
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is  sufficiently  clean  to  lie  circulated  ihroujih  the  fur- 
nace, this  procedure  is  to  be  recommended. 

There  are  other  numerous  uses  of  fans,  both  in 
the  shops  and  in  the  home,  among  whicli  may  be  men- 


tres,  schools,  etc.,  could  be  saved  by  judicious  use  of 
ozone  in  connection  with  the  air  circulating  apparatus. 
In  su[>port  of  this,  attention  is  called  to  the  most  ex- 
haustive and  conclusive  tests*  made  at  the  Jackson 


tioned,  driving  flies  from  eatables  in  stores,  preventing  School  in  Minneapolis,  in  February  and  March,  1913, 
frost  from  forminjjf  on  windows  during  the  winter,  in  which  the  air  of  a  certain  room  was  washed,  ozon- 
ized and  re-circulated  continuously  for  a  period  of 
three  hours  and  two  hours -each  day  for  three  weeks 
without  admitting  any  outside  air  other  than  that  or- 
dinarily leaking  through  the  cracks  of  windows  and 
occasionally  opened  doors.     Careful  study  of  the  pu- 

TABLE  II 


FIG.    10 — .NX    IN"ST.\LL.\TIOX   OF   F.\N    AND   OZONIZF.R   IX    A 
I!AXK    VAVI.T 

prcvfiiting .printing  press  rollers  from  melting,  keeping 
the  air  clean  in  crowded  elevators,  drj-ing  negatives 
and  prints  in  the  photograph  gallery,  specially  mounted 
fans  to  keep  "Central"  cool,  drying  the  hair  after 
shampoo,  ventilating  telephone  booths,  etc. 

OZOXIZERS 

The  ozonizer  occupies  a  very  important  place  in 
connection  with  the  improvement  of  air  conditions. 
Ozonizers  do  not  supplant  ventilation,  but  are  most 
valuable  aids  to  it.  The  regular  ventilation  system, 
besides  supplying  fresh  oxygen  to  replace  that  which 
is  used  up.  must  also  provide  for  the  removal  of 
air  laden  with  impurities.  This  latter  function  is 
that  of  the  ozonizer  which  destroys  the  impurities 
instead  of  removing  them.  This,  then,  obviates  the 
necessity  of  handling  large  quantities  of  air,  tending 
to  produce  draughts  and  requiring  elaborate  ventilat- 
ing apparatus.  In  cold  weather  this  exchange  of  large 
volumes  of  air  means  an  enormous  waste  of  heat,  since 
all  the  heat  in  the  air  removed  is  lost  and  the  cold  air 
coming  in  must  be  heated  to  the  desired  temperature. 
So  it  is  that  the  ozonizer  is  a  great  conserver  of  en- 
ergy, since  with  its  use  it  is  not  necessary  to  burn  tons 
of  coal  to  heat  large  quantities  of  outdoor  air  which 
is  merely  taken  into  our  buildings  and  passed  out  again 
to  the  winter's  cold.  As  the  cost  of  ozonizing  is  very 
small,  it  has  been  conclusively  shown  that  a  verv  large 
proportion  of  the  expense  of  heating  buildings,  thea- 


Seating   Capacity. 

.\.. 

•  t    Ozonizers 

150 

I 

150-300 

2 

1                     300-500 

3 

500-1  000 

4 

I  000- 1  500 

6 

I  500-3  000 

10 

1 

])ils  in  this  room  was  made  daily  and  no  deleterious 
effects  observed  when  compared  with  a  similar  num- 
ber of  pupils  in  a  room  having  ordinary  ventilation. 
Ozonizers  when  used  in  theatres,  halls  or  nickel- 
odeons, should  be  specified  according  to  Table  II, 
which  refers  to  ozonizers  having  a  capacity  of  at  least 
300  milligrams  of  ozone  per  hour.  They  should  be 
equally  spaced  around  the  w^alls,  preferably  near  doors 
or  windows,  or  they  can  be  mounted  on  brackets  near 
fan  motors  which  will  thus  aid  in  diffusing  the  ozone. 
For  home,  office,  or  smaller  enclosures.  75  milligrams 


FU;.    II — THE   F.\X    A.Nl)  OZOXIZKR   IX 


per  hour  capacity  is  sufficient  for  each  400  square 
feet  of  floor  space  or  about  4000  cubic  feet.  The 
floor  space  generally  determines  the  average  number 
of  occupants.. 


*.\  full  report  of  these  tests  was  read  before  the 
American  Society  of  Heating  and  \'entilating  Engineers  at 
Buffalo  on  July  I7tli,  1913.  by  Frederic  Bass. 


The  Electrically  Heated  Linotype  Pot 


H.   M. 

Till".  LIXUTVPE  MAClllXE  is  one  of  the  most 
wonderful  inventions  of  modern  times,  yet 
few  people  outside  the  printing  trade  are  at  all 
familiar  with  it,  and  a  large  majority  have  probably 
never  seen  one.  A  short  description  of  the  machine 
will  make  it  easier  to  understand  the  advantages  of 
the  electric  type-metal  pot. 

This  machine,  as  its  name  indicates,  casts  into  one 
solid  piece  of  metal,  called  a  slug,  a  full  line  of  type  at 


Wicker 

zine  and  the  space  bands  to  their  place,  and  tlie  mould 
disc  revolves  to  the  ejecting  position  carrying  the  slug 
past  a  knife  which  trims  it,  the  ejector  blade  pushes  the 
slug  out  into  the  galley  and  the  revolution  of  the  ma- 
chine in  casting  the  slug  representing  one  line  of  type 
is  completed,  the  time  required  being  about  ten  sec- 
onds. Meanwhile  the  operator  is  setting  up  another 
line  and  on  again  pressing  the  le\er  another  line  is 
cast.  The  maximum  capacity  of  tlie  machine  is  there- 
fore about  six  lines  per  minute. 

The  average  working  temperature  of  the  type 
metal  in  the  pot  is  550  degrees  F.  The  melting  pot 
may  be  considered  as  the  heart  of  the  machine,  as  the 
success  or  failure  of  any  individual  machine  always 
hinges  on  the  operation  of  its  pot.  Up  to  a  very  re- 
cent date,  gas  has  been  used  almost  exclusively  for 
heating  these  pots  where  a  gas  supply  was  available 
and  in  places  where  no  gas  was  to  be  had,  gasoline  or 
kerosene  had  to  be  used.  The  use  of  these  heating 
methods  has  always  been  attended  with  so  many  diffi- 
culties that  the  melting  pot,  besides  being  the  vital 
point,  has  been  the  weakest  point  in  the  machine. 
The  quality  of  gas  varies  largely  in  different  localities 
and  the  pressure  in  the  supply  pipes  also  varies  at 


FIC.    I — REAR  VIEW   OF  A  LINOTYPE   MACHINE 

Equipped  with  electrically  heated  pot   and  control  panel. 

one  operation.  The  matrices,  carrying  the  impressions 
of  the  characters  to  be  used,  together  with  the  space 
bands,  quads,  etc.,  that  make  up  these  lines,  fall  into 
their  various  positions  in  the  line  in  response  to  the 
operation  of  a  keyboard  similar  to  that  of  a  typewriter. 
\\'hen  the  operator  has  filled  the  line,  he  presses  a 
lever  which  automatically  starts  the  machine  and  the 
line  of  matrices  moves  over  to  the  point  where  it 
is  to  come  into  contact  with  the  mould.  The  disc 
which  carries  the  mould  revolves,  bringing  the  mould 
into  position,  the  pot  moves  forward  bringing  the 
mouthpiece  into  close  contact  with  the  mould,  the  pot 
plunger  descends  in  the  crucible  well  and  forces  the 
metal  into  the  mould  where  it  immediately  chills,  form- 
ing the  slug.  The  pot  recedes,  the  distribution  levers 
act  to  return  the  matrices  to  their  places  in  the  maga- 


FIG.   2 — DETAIL   VIEW   OF    LINOTYPE    POT    INSTALLED 

different  times  of  the  day.  This  has  made  the  heat 
control  very  difficult  and  it  has  also  been  practically 
impossible  to  get  a  proper  distribution  of  the  heat  as 
applied  to  the  pot.  The  sanitary  conditions,  due  to 
gas  fumes,  have  been  very  bad.  The  use  of  electricity 
as  a  means  of  heating  makes  it  possible  to  control  the 
heat  while  perfect  distribution  is  maintained,  which 
insures   the   correct  proportion   of   heat  between   the 
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main  bodv  of  the  pot  and  the  mouthpiece  or  point  of 
moulding  at  all  times,  which  is  essential  to  the  produc- 
tion of  perfect  work. 

The  heat  control  is  efTectcd  by  an  automatic  mag- 
netic switch  operated  by  a  thermostat,  adjustable  to 
any  temperature,  placed  near  the  mouthpiece  of  the 
pot.     The  thermostat  consists  of   an   expansion   rod, 


the  metal  before  it  has  time  to  entirely  fill  the  mould, 
resulting  in  an  imperfect  face  on  the  type.  This  heat 
must  also  be  maintained  at  the  mouthpiece  without 
getting  the  metal  in  the  pot  too  hot.  If  the  metal  is 
too  hot  both  the  mouthpiece  and  the  mould  soon  get 
too  hot  and  the  metal  will  not  chill  in  the  mould 
(juickly  enough  to  make  a  solid  slug,  part  of  the  metal 
flowing  back  into  the  pot,  causing  a  porous  slug,  which 
is  too  weak  to  stand  the  heavy  pressure  of  the  stereo- 
type press.  When  these  slugs  break  down  under  this 
pressure  very  imperfect  printing  results,  but  the  im- 
perfection is  usually  not  noticeable  till  the  paper  has 
gone  to  press:  it  may  be  serious  enough  to  delay  or 
cause  the  entire  loss  of  the  edition. 

It  is  here  that  electric  heat  meets  the  requirements 
so  effectually  as  to  overcome  all  the  troubles  due  to 
this  cause.  The  coils  are  wound  so  that  the  exact 
amount  of  current  is  used  in  every  part  of  the  pot  to 
maintain  the  right  temperature  at  each  point,  whether 


FIG.   3- 


-CONTROI.    r.^.NKI.    AS    IN     UPERATIUN 


eight  inches  long,  running  parallel  to  the  mouthpiece 
and  operating  a  compound  lever  which  opens  and 
closes  the  parallel  and  series  circuits  on  the  switch- 
board, alternately. 

When  the  pot  is  heating,  two  circuits  of  heating 
coils  are  used  connected  in  parallel.  When  the  cor- 
lect  working  temperature  has  been  reached,  the  ther- 
mostat acts  on  the  automatic  switch  which  throws 
these  circuits  into  series,  thus  reducing  the  heat  pro- 
duction to  an  amount  which  will  maintain  the  working 
temperature  without  losing  the  heat  distribution,  as 
heat  is  still  being  supplied  to  all  parts  of  the  pot,  and 
no  exterior  resistance  is  introduced  into  the  circuit  to 
reduce  the  efficiency  by  causing  an  exterior  loss  of  heat. 

One  of  these  circuits  is  used  exclusively  to  heat 
the  mouthpiece  and  the  throat  leading  up  to  it.     The 


Fir,.    4 — roMPLF.TF.    DI.\GRAM    OF    COXXECTIOXS    FOR    HF.ATIXG 
OF    LINOTYPE    POT 

mouthpiece  is  necessarily  an  exposed  radiating  surface 
and  in  addition  to  the  loss  from  radiation  it  comes  in 
contact  with  the  cooler  surface  of  the  mould  every 
time  a  slug  is  cast  which  is  on  an  average  of  six  times 
per  minute.  All  of  the  heat  thus  taken  away  has  to 
be  replaced  or  the  mouthpiece  will  get  cold  and  chill 


FIG.     5— VIEW     SHOWING     CONSTRUCTION     OF     POT     INTERIOR     AND 
.\RRANGEMENT    OF    WESTINGHOUSE    HE.\TING    ELEMENT 

the  maximum  or  minimum  amount  of  current  is  being 
used.  This  proportion  is  so  nicely  adjusted  that  it 
makes  no  difference  whether  the  machine  is  working 
fast  or  slow,  or  is  not  being  used  at  all.  or  whether 
large  or  small  .slugs  are  being  cast.  A  slightly  lower 
temperature  of  the  metal  is  necessary  in  casting  big 
slugs  for  the  reason  that  a  greater  mass  of  metal  has 
to  be  cooled  by  the  mould  during  the  few  seconds  that 
it  is  in  contact  with  the  mouthpiece,  and  vice  versa,  a 
small  slug  will  cool  quickly  and  if  the  temperature  of 
the  metal  is  a  little  low  it  will  cool  too  quickly,  caus- 
ing an  imperfect  face.  When  the  machine  is  casting 
big  slugs  both  the  mouthpiece  and  the  mould  heat  up 
and  bv  having  the  thermostat  near  the  point  of  mould- 
ing tliis  excessive  heat  acts  directly  to  cut  down  the 
general  heat  production,  so  that  all  changes  in  meas- 
ure, size  of  slugs,  etc..  are  automatically  taken  care  of 
bv  the   thermostat.     This   is   especially   important  in 
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offices  where  freciucnt  and  radical  changes  are  made 
in  the  classes  of  work  done  on  one  machine.  Some  of 
the  later  models  of  the  linotype  carry  as  many  as 
eight  faces  of  type  at  the  immediate  command  of  the 
operator,  and  all  clianges  in  measure  and  sizes  of  sings 
are  quickly  made  by  the  operator  without  leaving  his 
seat.  The  fine  adjustment  and  heat  distribution  ef- 
fected by  the  use  of  electric  heat,  makes  it  tlie  ideal 
heating  method  for  the  rapid  and  perfect  production 
of  the  greatest  variety  of  line  linotype  work. 


The  sanitary  conditions  are  greatly  improved  by 
the  use  of  electric  heat,  as  there  are  no  fumes  and 
very  little  heat  escapes  to  overheat  the  room,  as  tlie 
heat  is  all  sealed  in  and  no  draught  is  necessary  as  in 
the  use  of  combustion  of  any  kind.  Heat  by  com- 
bustion is  also  seriously  affected  by  currents  of  fresh 
air,  as  from  a  window,  which  are  so  necessary  for  the 
health  and  comfort  of  the  operator.  Electrically 
heated  pots  are  not  affected  by  air  currents  and  the 
amount  of  ventilation  is  therefore  not  limited. 


High  Voltage   Distributing  Transformers 


T 


E.  G.  Reed 
HE    RELATIX'K    importance    of    the    higher     a  reasonable  cost.     The  installation  consists  of  a   15 
voltage  distributing  transformers  seems  to  be      k.v.a.   outdoor   type   transformer,   giving    no  or  220 


increasing.  That  is.  at  the  present  time  there 
is  a  more  rapid  increase  in  the  number  of  transformers 
which  deliver  current  directly  to  the  consumer  from 
4400  to  33000  volt  lines,  than  in  the  \oltages  below 


FIG.    I — OXE   METHOD   OF   INSTALLING    A.    HIGH    VOLT.\GK 
DISTRIBUTING   TR.\NSFORMF.R. 

4400  volts.  This  does  not  mean  that  the  actual  num- 
ber of  the  higher  voltage  transformers  installed  is 
greater  than  those  of  lower  voltage.  In  general,  the 
transformers  under  discussion  range  in  voltage  from 
4  400  to  33  000  volts. 

.Such  transformers  are  usually  mounted  on  a  pole 
or  platform  as  close  as  possible  to  the  consumer; 
Fig.  I  shows  one  of  the  many  methods  of  installing 
such  a  transformer.  This  particular  installation  was 
on  a  farm  through  which  passed  a  22  000  volt  trans- 
mission line.  The  use  of  the  outdoor  type  of  trans- 
former permits  the  tapping  of  such  a  transmission 
line  to  take  off  a  relatively  small  amount  of  power  at 


volts  on  the  secondan,-.  The  small  building  contains 
the  switchboard,  a  watthour  meter  for  measuring 
the  energv  received,  and  the  auto-starter  for  a  ten 
horse-power  motor  which  is  located  about  I  200  feet 
awav  on  the  ri\  er  bank.  The  motor  is  used  for  pump- 
ing water  into  a  lank  located  just  back  of  the  house. 
When  desired,  it  can  also  be  used  for  irrigating  the 
truck  farm ;  an  operation  accomplished  by  means  of 
several  valves  which  can  be  opened  and  the  water  al- 
lowed to  flow  by  gravity  through  some  piping  which 
is  perforated  at  intervals,  thus  spraying  the  water 
over  the  land.  In  this  particular  case,  advantage  was 
taken  of  the  electrical  installation  to  light  the  residence 
and  equip  it  with  many  modern  electric  devices. 


FIG.   2 — GENERAL   APPE.\RAXCE   OF   A    MEDIUM    SIZE    1 1  000 
VOLT   WESTINGHOUSE  TRANSFORMER 

The  general  appearance  of  transformers  of  this 
type  is  shown  in  Figs.  2  to  5.  The  general  construc- 
tion used  is  core  type  with  the  concentric  type  of 
winding.  The  present  design  of  the  magnetic  circuit 
is  the  result  of  careful  study  to  eliminate  all  possible 
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elements  tending  to  increase  the  iron  loss  or  exciting     are  separated  from  each  other  l>y  a  layer  or  layers  of 


current.  The  construction  is  of  L-plates,  as  shown 
in  Fig.  6,  which  gives  but  two  joints  in  the  complete 
circuit ;  also  the  magnetic  circuit  is  widened  outside 
of  the  coil  so  that  the  magnetic  density  at  the  joints 
is  lower  than  at  other  parts  of  the  circuit. 

Inasmuch  as  transformers  for  this  class  of  service 
transform  high  voltage  current  to  a  low  voltage  and 
deliver  it  directly  to  the  consumer,  the  insulation  must 


FIG.    3 — VFEW    LOOKIXC:    IXTO    TOP    OF    TRANSFORMKR 
SHOWN    IN    FU:.    I 

be  of.  the  highest  grade.  W  hile  the  low  tension  cir- 
cuits should  be  grounded,  it  is  often  very  difficult  to 
secure  efYective  ground  connections,  i)articularly  dur- 
ing periods  of  hot  dry  weather. 

The  insulation  between  the  turns  consists  of  the 
actual  insulation  on  the  wires  themselves.  The  smaller 


high  grade  paper,  the  turns  on  the  ends  of  the  coils 
being  prevented  from  getting  out  of  the  layers  by  a 
crimp  or  fold  in  the  insulation.  In  order  to  keep  the 
voltage  between  layers  to  a  low  value,  the  high  tension 


FIG.    5 — .\    lou    K.V.A..   OOlju    Tu    _'.'ll    Uil.f    TKAN.SFORMER   REMOVTD 
FROM   CASE  ' 

winding  is  separated  into  a  number  of  coils.  The 
vacuum  drying  and  impregnating  filling  treatment  is 
of  particular  value  in  transformers  of  this  class  be- 
cause of  the  relatively  large  number  of  turns  of  fine 
wire  used. 

The  insulation  between  the  high  and  low  tension 
windings   should  be  a   continuous  insulating  tube  of 


"G.    4 — A    >M  Ml.    II  GOO    NULT    TKANSFORMKR    Ki;Mil\l.|.    1  KO.M    CASr. 

sizes  of  v\  ire  are  covered  with  a  layer  of  enamel  and 
then  a  single  cotton  covering.  On  the  line  end  of 
transformers  of  medium  voltage,  double  cotton  cov- 
ered enamel  wire  is  used,  while  on  the  higher  voltage 

transformers  the  end  turns  are  further  separated  by      mica  imparts  to  the  finished  tube  the  mechanical  char- 
string  as  shown  in  the  top  coil  of  Fig.  7.    The  layers      acteristics   which   the   plain   mica  lacks.     The  paper 


FIG.    6 — .MAGNETIC    CIRCUIT    OF    TRANSFORMER 

Showing  position  of  joints  and  widening  of  iron  external 
to  coils. 

high  dielectric  strength,  which  will  take  up  a  relatively 
small  amount  of  space  and  which  will  maintain  its 
dielectric  strength  after  long  periods  at  fairly  high 
temperatures.  Tubes  which  are  almost  ideal  for  these 
conditions  are  shown  in  Fig.  9.  These  tubes  are  made 
with  a  high  grade  of  mica  and  imported  Swedish 
paper,  on  machines  specially  constructed  for  this  pur- 
pose. This  insulating  material  is  called  micarta — 
meaning  better  than  mica.    The  paper  reinforcing  the 
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wl)ii.li  has  been  previously  covered  by  a  bond  of  shel- 
lac or  bakelite,  as  the  conditions  may  demand,  is 
wound  between  steel  rolls,  under  heat  and  pressure, 
on  a  steel  mandrel.     The  bond  is  melted  by  the  heat 


FIG.   7 — AN    II  000  VOLT   HIGH   TENSION   WINDING 

Showing  sub-division  into  coils  and  string  insulation  be- 
tween end  turns. 


and  the  pressure  between  the  rolls  compresses  the 
paper  very  solidly  together.  Built-up  mica  sheets  are 
fed  between  the  paper  as  it  is  wound  on  the  mandrel, 
so  that  approximately  50  percent  of  the  solid  finished 


FIG.  8 — METHOD  OF  WINDING  HIGH  TENSION  COIL  OX  INSULAT- 
ING BARRIER  BEFORE  ASSEMBLING  WITH  THE  LOW  TENSION  COIL 
AND  THE  CORE 

tube  is  pure  mica.  In  other  words,  25  percent  of  the 
total  finished  thickness  of  the  tube  is  wound  on  the 
mandrel  as  paper,  then  50  percent  of  the  thickness  is 
fed  in  as  mica  and  the  remaining  25  percent  of  paper 
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FIG.   9 — MACHINE   FORMED    INSULATING   BARRIERS    SUCH    AS 
USED   IN    FIG.   8 

goes  on  the  outside.  By  this  method  of  manufacture, 
a  tube  of  maximum  dielectric  strength  is  provided  for 
a  given  thickness.  The  tube  is  absolutely  solid  and  of 
such  a  character  that  it  will  ring  like  metal  when 
struck  a  sharp  blow.     The  mica  goes  into  the  tube 


without  wrinkles,  which  makes  a  uniform  tube  with- 
out Haws.  ]-"or  those  coils  which  are  wound  directly 
on  the  tube,  the  paper  part  of  the  barrier  on  each 
part  of  the  mica  protects  the  mica  froin  mechanical 
stresses.  This  method  of  making  these  important 
barriers  is  a  great  improvement  over  the  former 
method  of  winding  the  mica  sheets  between  the  coils 
by  hand.     This  was  accomjilished   by    wrapping    by 
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FIG.     10 — VARIATION    OF    PERCENT    COPPER    LOSS    WITH     DIFFERENT 
SIZES    OF    DISTRIBUTING    TRANSFORMER 


hand  the  sheets  of  mica  on  top  of  one  winding  when 
it  was  on  the  mould  and  then  winding  another  coil 
directly  on  the  mica  sheets.  It  is  impossible  to  wind 
the  mica  sheets  by  hand  and  prevent  wrinkles.  When 
a  coil  is  wound  over  these  wrinkles  there  is  great  like- 
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SIZES    OF    DISTRIBUTING    TRA.VSFORMERS 

lihood  of  the  mica  in  the  barrier  being  broken  through 
at  these  points. 

An  idea  of  the  performance  characteristics  of 
these  transformers  may  be  secured  from  the  curves  in 
Fig.  10  which  give  the  percentage  of  iron  and  copper 
loss  for  sizes  up  to  200  k.v.a.  for  the  6600  and  16  500 
volt  classes.  Fig.  11  gives  the  pounds  weight  per  kilo- 
volt-ampere  for  the  same  range  of  sizes. 


The  Efficiency  of  the  Incandescent  Lamp  and 
its  Commercial  Application 


VV.    H.    ROLINSON, 

Commercial  Engineer, 
WestinghoUse  Lamp  Company 


THE  efficiency  of  an  incandescent  lamp  may  be 
considered  from  two  points  of  view,  first,  the 
true  efficiency ;  and  second,  the  relative  or  com- 
mercial efficiency.  By  the  true  efficiency  we  designate 
the  ratio  of  the  energy  i)ut  into  the  incandescent  lamp 
to  the  energ}-  obtained  therefrom  in  the  form  of  light. 
This  ratio  in  the  best  vacuum  incandescent  lamp  prob- 
ably does  not  e.xceed  four  or  five  percent,  whereas  in 
the  most  recent  type  of  incandescent  lamp,  which  is 
filled  with  an  inert  gas,  it  rises  to  eight  or  nine  per- 
cent. The  reason  for  this  low  efficiency  is  that  only 
a  comparatively  small  amount  of  the  radiation  emitted 
by  the  incandescent  filament  is  visible,  the  greater 
part  of  the  energ)'  being  converted  into  radiation  be- 
low the  visible  range  of  the  spectrum,  while  only  a 
minute  part  of  the  radiation  is  above  the  visible  por- 
tion of  the  spectrum. 
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FIG.    I — RADIATION    CUR\'E   OF    A    BLACK    BODY    .\T   2  000   DEGREES    C 

The  distribution  of  the  radiation  emitted  by  an 
incandescent  body  is  shown  in  Fig.  i,  where  the  part 
which  falls  within  the  visible  range  of  the  spectrum 
is  shaded.  In  addition  to  this  loss  a  certain  amount 
of  the  total  energ)-  supplied  to  the  terminals  of  the 
lamp  is  lost  by  heat  transformation  in  the  leading-in- 
wires  and  junctions,  also  by  conduction  and  convec- 
tion in  the  gases  present  in  the  lamp  and  the  cooling 
effect  of  anchors  and  other  supports.  These  losses  in 
a  modern  incandescent  vacuum  lamp  are  so  small  that 
they  are  i)ractically  negligible.  This  statement  is  not 
entirely  true  of  the  most  recent  types  of  gas  filled 
lamps,  but  whatever  losses  occur  are  kept  within  the 
narrowest  possible  limits  by  suitable  arrangement  of 
the  incandescent  body  and  the  choice  of  a  suitable  gas- 
eous medium,  which  is  a  poor  conductor  of  heat.  It 
is  thus  quite  true  that  as  a  means  of  translating  elec- 
trical energ}-  into  light,  the  incandescent  lamp  must 
be  considered  somewhat  inefficient  as  compared  with 
other  electrical  translating  devices,  such  as  generators, 
motors,  transformers,  etc. 


The  relative  or  commercial  efficiency  of  an  incan- 
descent lamp  is  the  ratio  of  the  energy  input  in  watts 
to  the  amount  of  light  obtained  from  the  lamp  meas- 
ured in  terms  of  candle-power.  The  factor  thus  ob- 
tained is  called  the  rating  of  incandescent  lamps,  and 
gives  the  number  of  watts  consumed  per  candle-power 
obtained.  The  commercial  efficiency  of  an  incandes- 
cent lamp  has  shown  an  improvement  of  considerable 
magnitude  within  the  last  few  years,  and  especially 
since  the  advent  of  the  metal  filament  lamp. 

The  enormous  progress  made  in  the  art  of  manu- 
facturing incandescent  lamps  can  best  be  realized 
when  it  is  recalled  that,  in  the  early  days  of  lamp 
manufacture,  a  carbon  filament  lamp  required  7  to 
10  watts  per  candle-power,  whereas  in  the  most  recent 
type  of  gas  filled  metallic  filament  lamp  the  energy- 
consumed  is  but  0.5  watt  per  candle-power. 

Owing  to  improvements  in  the  manufacture  of  the 
carbon  filament  and  in  the  manufacturing  process  of 
the  lamps,  it  was  possible  towards  the  end  of  1896  to 
make  carbon  lamps  requiring  a  consumption  of  3.1 
watts  per  candle-power.  The  invention  of  the  so- 
called  metallized  filament  lamp  (the  filament  of  which 
is  simply  an  ordinary  carbon  filament,  but  which  has 
been  heated  during  its  process  of  manufacture  to  a 
very  high  temperature  in  the  electric  furnace),  made 
it  possible  to  reduce  the  watt  consumption  to  2.5  watts 
per  candle-power.  About  the  same  time  (1905-06) 
lamps  with  metallic  filaments  began  to  make  their  ap- 
pearance, the  first  of  these  being  the  osmium  lamp,  the 
filament  of  which  was  composed  of  metallic  osmium. 
This  lamp  was  operated  at  an  efficiency  of  approxi- 
mately 1.9  watts  per  candle-power.  This  lamp  was 
followed  by  a  lamp  with  a  filament  composed  of  a 
drawn  wire  of  metallic  tantalum  which  had  an  effi- 
ciency of  approximately  1.9  to  2  watts  per  candle- 
power. 

During  the  latter  part  of  1906  the  tungsten  lamp, 
which  had  a  filament  composed  of  tungsten  squirted 
from  a  metallic  tungsten  paste,  appeared  in  the  market. 
The  efficiency  of  this  first  type  of  tungsten  lamp  was 
in  the  neighborhood  of  about  1.5  watts  per  candle- 
power.  Later  improvements  in  the  manufacture  of 
the  filament  and  in  the  manufacturing  process  of  the 
lamp,  especially  after  the  introduction  of  the  drawn 
wire  tungsten  filament,  made  it  possible  to  lower  the 
watt  consumption  to  one  watt  per  candle-power.  By 
taking  advantage  of  burning  that  filament  under  suit- 
able conditions  in  a  lamp  filled  with  an  inert  gas,  this 
watt  consumption  has  recently  been  reduced  to  0.5 
watt  per  candle-power.  The  above  statements  are 
shown  in  condensed  form  in  Table  I.  which  gives  the 
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dates  that  the  principal  types  of  incandescent  lamps 
appeared  on  the  market,  the  watt  consumption  per 
candle-power,  and  the  reversed  ratio  of  candle-power 
per  watt. 

It  is  of  interest  in  this  connection  to  inquire  into 
the  reasons  by  virtue  of  which  the  improved  efficiency 
of  these  various  types  of  lamps    has    been    brought 
TABLE  I 


Date 

Walts  per 
candle 

Candles  per 
watt 

Type 

1879 

7.0 

0.14 

Carbon 

l«8fi 

4.0 

0.25 

Carbon 

1896 

3.1 

0.31 

Carbon 

1905 

2.5 

0.4 

Metallized 

1906 

2.0 

0.6 

Tantalum 

1907 

1.25 

0.8 

Mazda 

1913 

1.0 

1.0 

Mazda 

( Drawn  Wire) 

1914 

0.5 

2.0 

Mazda 

(Inert  Gas) 

about.  The  principal  factors,  however,  are  first,  the 
temperature  at  which  the  various  types  of  lamps  op- 
erate, and,  second,  the  character  of  the  luminous  radi- 
ation obtained  from  them.  The  temperature  at  which 
a  material  can  be  operated  continuously  in  a  vacuum, 
as  is  the  case  with  the  incandescent  lamp,  depends 
on  its  melting  point  and  on  the  rate  of  its  evaporation 
or  disintegration  at  the  various  operating  tempera- 
tures. The  approximate  melting  point  and  the  tem- 
perature of  operation  of  the  various  lamp  filament 
materials  mentioned  above  is  given  in  Table  II. 
From  this  table  it  appears  that  the  temperature  at 
which  the  least  efficient  lamp,  namely,  the  ordinarj' 
carbon  lamp,  is  operated,  is  about  50  percent  lower 
than  its  melting  point.  This  temperature,  however, 
is  about  the  maximum  which  could  be  used  commer- 
cially on  account  of  the  rapid  evaporation  or  disinte- 
gration of  the  carbon  filament  material.  This  is  due 
to  a  great  extent  to  the  fact  that  the  carbon  filament 
as  ordinarily  manufactured,  is  not  an  absolutely  solid 
body  but  simply  a  comparatively  loose  aggregation  of 
particles  of  carbon  which,  at  higher  temperatures  than 
the  ordinar}'  operating  temperature  of  the  lamp  have 
a  strong  tendency  to  disintegrate  mechanically.  This 
disintegration,  of  course,  is  accompanied  by  a  dispo- 
sition of  the  material  evaporated  from  the  filament 
T.\BLE  II 


Filament  Material 

Melting  Point 

Normal  Operat-  1 
ing  Temperature 

Carbon 

Tantalum 

Tungsten  (in  vucuum) .. 

3750  Degrees  C. 
3100  Degrees  C. 
3200  Degrees  C. 
2500  Degrees  C. 
3200  Degrees  C. 

1800  Degrees  C. 
2000  Degrees  C. 
2300  Degrees  C. 
1900  Degrees  C. 
2700  Degrees  C. 

Tungsten  (inert  gas) 

upon  the  coolest  part  of  the  lamp,  namely  the  bulb, 
and  a  consequent  blackening  of  the  bulb  and  absorp- 
tion of  light.  Owing  to  the  peculiar  change  which  the 
carbon  filament  undergoes  by  heat  treatment,  it  is 
possible  to  increase  the  operating  temperature  of  the 
metallized  filament  to  a  certain  extent  and  still  prevent 
its  rapid  disintegration. 


The  next  problem  to  be  attacked  in  the  manufac- 
ture of  incandescent  lamps  was  that  of  obtaining 
bodies  which  could  be  operated  at  a  higher  tempera- 
ture, and  as  a  natural  consequence  the  choice  fell  on 
the  metals  which  have  a  very  high  melting  point.  A 
number  of  metals  were  tried  in  this  connection,  begin- 
ning with  osmium  and  tantalum  and  ending  with  tung- 
sten, that  being  the  element  which  has  the  highest  melt- 
ing point  of  all  metals  known  at  the  present  time.  In 
addition,  these  metals  can  be  operated  in  a  vacuum  at 
temperatures  quite  close  to  their  melting  points  without 
any  prohibitive  amount  of  evaporation  taking  place. 
A  further  means  of  increasing  the  efficiency  of  the 
tungsten  lamp  was  given  by  the  possibility  of  introduc- 
ing small  amounts  of  chemical  substances  into  the 
lamp,  the  presence  of  which  had  the  effect  of  combin- 
ing with  the  material  evaporated  from  the  filament 
rendering  it  innocuous  as  far  as  the  light  of  the  lamp 
is  concerned.  These  chemicals  give  off  gases  which 
unite  with  the  material  evaporated  from  the  filament 
converting  it  into  compounds  of  light  color  which, 
even  if  they  deposit  on  the  bulb,  cannot  be  easily  seen 
and,  therefore,  do  not  appreciably  impair  the  luminos- 
ity of  the  lamp.  In  addition,  they  probably  exert  some 
slight  pressure  upon  the  filament  which  still  further 
decreases  the  tendency  of  the  filament  to  evaporate. 
TABLE  III 


Absolute  Temperature 

Luminosity  Factor 

900  deg. 

30 

1000  deg. 

25 

1100  deg. 

21 

1200  deg. 

19 

1400  deg. 

18 

1600  deg. 

15 

1900  deg. 

14 

I'lOO  deg. 

12 

It  is  a  well  known  fact  that  the  pressure  of  the 
surrounding  medium  has  a  considerable  effect  upon 
the  tendency  of  a  material  to  evaporate;  thus,  for  in- 
stance, water  boils  at  sea  level  at  212  F.  under  ordinary 
atmospheric  pressure  existing  at  sea  level.  That  same 
water  when  carried  up  to  the  top  of  Pikes  Peak  will 
boil  at  about  190  degrees  F.  This  difference  in 
the  boiling  point  is  simply  due  to  the  lower  baro- 
metric pressure  existing  in  that  altitude.  What  is 
true  of  water  in  this  instance  is  also  true  of  other 
materials,  such  as  tungsten.  Advantage  was  taken 
of  this  fact  to  bum  a  tungsten  filament  at  a  temper- 
ature nearer  its  melting  point  than  could  be  obtained 
in  the  ordinary  vacuum  incandescent  lamps  without 
excess  of  disintegration.  The  problem  was  solved  by 
the  introduction  of  an  inert  gas  into  the  lamp  bulb 
which  exerted  a  pressure  upon  the  filament  and  thus 
materially  decreased  its  tendency  to  evaporate.  It 
is  thus  possible  to  bum  such  lamps  at  approximately 
2  700  degrees  C,  which  temperature  is  quite  close  to 
the  melting  point  of  tungsten.  With  this  increase  in 
temperature  (so  close  to  its  melting  point)  it  seems 
that  the  development  of  a  lamp  with  a  tungsten  fila- 
ment has  about  reached  its  maximum.    Whether  the 
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future  development  of  the  incandescent  lamp  will  show 
a  reversal  to  the  carbon  filament,  the  melting  point  of 
.which,  as  shown  in  Table  II,  is  considerably  higher 
than  that  of  tungsten,  is  a  question  of  the  future.  If 
suitable  means  can  be  found  to  obtain  a  carbon  fila- 
ment of  the  same  close  structure  as  the  present  drawn 
wire  tungsten  filament  and  to  suitably  counteract  iti 
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FIG.    2 — SENSIBILITY    CURVE 

Showing  luminosity  at  various  wave  lengths  for  the  same 
energy  distribution. 

tendenc)"  to  evaporation,  there  is  no  question  that  such 
a  lamp  would  be  considerably  more  efficient  than  the 
latest  improved  types  of  lamps  with  tungsten  filaments 
operated  in  an  atmosjihere  of  inert  gas. 

The  ultimate  goal  of  the  solution  of  the  problem 
of  converting  electrical  energy  into  luminous  energy 
would  be  of  course  a  so-called  cold  light,  and  it  seems 
that  the  future  development  will  be  in  the  direction  of 
the  use  of  incandescent  gases  rather  than  by  a  reversal 
to  the  carbon  filament.  An  illustration  of  the  increase 
of  luminosity  with  temperature  is  furnished  by  the 
data  in  Table  III,  which  illustrates  the  increase  of 
luminosity  at  various  temperatures  with  a  platinum 
filament.  This  table  shows  that  for  a  slight  increase 
of  temperature  a  relatively  large  gain  in  luminosity  is 
secured.  This  table  also  shows  that  at  lower  operating 
temperatures  the  increase  of  luminosity  with  tempera- 
ture changes  is  considerably  larger  than  at  tempera- 
tures in  the  neighborhood  of  2  loo  degrees  absolute. 
At  this  point  the  luminosity  factor  reaches  12,  which 
is  about  the  minimum  value.  The  luminosity  factor 
for  higher  operating  temperatures  than  given  in  the 
table  can  be  considered  to  be  only  slightly  less  than 
12,  for  at  this  point  the  luminosity  factor  is  reported 
to  be  nearly  constant. 

A  second  factor  contributing  to  the  improved  ef- 
ficiency of  the  more  recent  types  of  incandescent  lamps 
is  the  so-called  selectivity  of  the  radiation.  Selective 
radiation  (for  the  purpose  of  this  discussion)  may  be 
considered  to  be  the  ability  which  some  materials  have 
of  radiating  relatively  larger  proportions  of  their  en- 
ergy within  the  visible  spectrum  than  the  theoretical 
black  body.  Such  materials  will,  therefore,  produce 
more  light  for  a  given  amount  of  energy.  The  selec- 
tivity is  still  further  increased  if  the  radiating  body 
has  the  property  of  giving  out  a  comparatively  large 
proportion  of  its  radiations  within  the  middle  part  of 


the  spectrum.  This  physiological  phenomenon  is  due 
to  the  fact  that  the  human  eye  is  more  sensitive  to  the 
yellow  and  green  rays  which  appear  within  this  por- 
tion of  the  spectrum.  Fig.  2  shows  that  energy  radia- 
tions of  wave  lengths  in  the  neighborhood  of  0.7  ,'i  and 
0.4  //  produce  relatively  very  little  light  while  energy 
radiations  of  wave  lengths  of  0.5  //  and  0.6  //  produce 
illumination  effects  which  are  relatively  large.  Thus 
it  can  be  seen  that  if  the  distribution  of  energy  of  a 
light  source  is  such  that  a  relatively  large  portion  falls 
within  wave  lengths  of  0.5  ,'i  to  0.6  ft  a  very  consid- 
erable advantage  is  secured  from  the  standpoint  of 
luminous  efficiency.  The  color,  however,  being  in  the 
green  and  yellow,  may  be  disagreeable. 

The  influence  of  selective  radiation  on  the  effi- 
ciency of  an  incandescent  lamp  appears  to  be  best 
shown  in  the  case  of  the  osmium  lamp  which  operates 
at  a  comparatively  low  temperature  of  i  900  degrees 
C,  and  yet  has  a  greater  efficiency  than  the  tantalum 
lamp  operating  at  a  higher  temperature.  This  phe- 
nomenon appears  to  be  only  explainable  by  the  pres- 
ence of  selective  radiation  in  the  osmium  filament. 

Fig.  3  shows  energ)'  and  luminosity  curves  for 
carbon  and  tungsten  filament  lamps,  and  graphically 
illustrates  the  advantages  which  the  tungsten  filament 
has  in  its  energy  distribution  as  compared  with  the 
carbon  filament.  The  figure  does  not  include  the  en- 
ergy' radiation  from  the  new  types  of  tungsten  lamps 
filled  with  inert  gases,  but  there  is  no  doubt  that  the 
radiations  will  show  a  considerable  increase  in  ef- 
fective luminosity  over  the  ordinary  tungsten  lamp. 

In  conclusion,  it  remains  to  be  said  that  not  only 
has  the  efficiency  of  lamps  been  increased   but  also 
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FIG.   3 — WX.\TnE  CURVES  OF  LUMINOSITY   AND   INTENSITY   OP 
R.\DIATION    FOR   CARBON   .\ND  TUNGSTEN 

The  inverted  V-shaped  curves  are  the  luminosity  curves, 
indicating  the  wave  length  limits  between  which  a  radiating 
body  is  luminous.  The  remaining  two  curves  indicate  the 
rapidity  with  which  the  intensity  of  radiation  or  heat  dissi- 
pation increases  with  the  wave  length. 

that  the  color  of  the  light  furnished  has  been  steadily 
improved  and  brought  nearer  to  daylight  until,  in  the 
tungsten  lamp  filled  with  inert  gas,  it  approximates 
ver)'  closely  to  the  color  of  average  daylight.     Thus 
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as  shown  graphically  in  Fig.  4,*  the  color  of  the  car- 
bon filament  lamp  is  furthest  removed  from  day- 
light and  there  is  a  gradual  approach  to  daylight  suc- 
cessively through  the  metallized  lam])  and  the  old  type 
of  tungsten  lamp,  which  approaches  daylight  quite 
closely.  It  can  be  shown  that  by  the  use  of  the  nec- 
essary color  absorbing  materials,  as  in  conjunction 
with  properly  designed  enclosing  devices,  a  color 
which  is  equivalent  to  daylight  can  be  obtained  with 
a  loss  of  not  more  than  60  percent  of  the  luminosity 
of  the  lamp.  A  gas  filled  Mazda  lamp,  therefore, 
which  is  rated  at  0.6  watts  per  candle  gives  the  equiv- 
alent of  daylight  at  approximately  two  watts  per  can- 
dle. This  fact  demonstrates  that  we  can  now  i)roduce 
daylight  more  efficiently  and  with  less  expenditure  of 
electrical  energy  than  was  required  for  running  the 
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FIG   .4 — CH.\RT  GIVING  RF.LATIVE  AMOUNTS   OF   RED.  BLUE   AND 
GREEN    IN    THE  VARIOUS   TYPES  OF  ILLUMINANTS 

unsatisfactor}'  carbon  lamps  a  few  years  ago.  The 
energ>'  radiation  within  the  luminous  spectrum  of  the 
new  high  candle-power  Mazda  lamp  as  compared  to 
the  ordinarj-  vacuum  lamp,  is  shown  in  Fig.  5,  which 
indicates  graphically  the  greatly  increased  proportion 
of  green  and  blue  rays  and  the  lesser  amount  of  red 
rays  which  account  for  its  whiter  light. 

The  enormous  progress  made  in  the  manufacture 
of  incandescent  lamps,  and  especially  within  recent 
years,  has  made  it  possible  to  increase  their  range  of 
usefulness  beyond  anything  possible  with  the  carbon 
lamp.  A  graphical  illustration  of  the  gradual  exten- 
sion of  the  range  of  candle-power  of  incandescent 
lamps  available  for  commercial  purposes  is  shown  in 


Fig.  6.  This  shows  that  lamps  are  now  made  of  candle- 
powers  which  i)ermit  them  to  compete  with  other  il- 
luminants  in  a  great  many  fields  into  which  they  could 
not  enter  formerly.  Thus,  for  instance,  the  range  of 
ordinary  Mazda  lamps  reaches  from  the  minute  can- 
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FIG.    5 — SPECTRAL    COMPARISON    OF    LIGHT.      HIGH     CANDLE-POWER 
M.\ZDA    VERSUS    ORDINARY    MAZDA 

die-power  lamp  required  for  flashlights  to  400  and  500 
candle-power  which  are  used  as  substitutes  for  arc 
lamps.  Mazda  lamps  are  now  made  rugged  enough 
for  any  kind  of  service  even  in  locations  where  they 
have  to  stand  a  considerable  amount  of  rough  hand- 
ling, such  as  in  automobile  and  in  train  service.  They 
are  adapted  to  all  kinds  of  residential,  department 
store  and  industrial  lighting  service.  With  the  im- 
provement of  the  quality  and  the  life,  due  to  the  in- 
troduction of  the  chemical  substances  above  referred 
to  and  to  improvements  in  construction  which  have 
been  introduced,  a  stage  of  perfection  has  now  been 
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*Taken  from  an  article  by  a  German  investigator.  Dr. 
L.  Bloch,  in  the  Elccktrotcchnische  Zeitschrift  for  Xov.  13. 
I9l3i  P-  1309,  who  has  made  a  long  series  of  comparative 
experiments  with  regard  to  the  color  value  of  various 
illuminants. 


FIG.  6 — CH.\RT   SHOWING   STEPS   IN    C\NDLE    POWER   RANGE   OF 
INCANDESCENT  LAMPS 

reached  which  was  never  dreamt  of  in  the  days  of 
the  old  carbon  lamp.  The  incandescent  lamp  of  the 
present  day  has  an  enormous  range  of  adaptability  to 
all  kinds  of  voltages  from  0.5  to  260  volts.  It  can  be 
used  on  all  kinds  of  frequencies,  even  as  low  as  25 
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cycles,  and,  with  tlic  ]inssible  excei)tion  of  the  new 
types  of  gas  tilled  lamps,  is  adapted  to  all  kinds  of 
conditions  of  temperature  and  environment. 

In  addition,  the  ductile  tungsten  filament  has 
made  it  possible  to  dexelop  a  series  of  types  in  which 
the  filament  is  concentrated  in  the  smallest  possible 
s]>ace,  in  order  to  come  as  close  as  possible  to  the  the- 
oretical point  source  of  light.  This  has  made  it  pos- 
sible to  develop  a  series  of  automobile  and  locomotive 
headlight  lamps  which  have  proven  of  very  great  value 
in  commercial  service.  The  introduction  of  the  0.5 
watt  per  candle  gas  filled  Mazda  lamp  furnishes  a 
further  possibility  of  extending  the  field  of  usefulness 


of  the  incandescent  lamp,  especially  in  the  region  of 
high  candle-powers.  This  development  has  extended 
the  range  of  the  Mazda  lamp  for  street  lighting  from 
the  suburban  into  the  business  districts  of  cities  so 
that  they  can  now  compete  with  every  source  of  il- 
lumination. The  concentrated  form  of  filament  in 
conjunction  with  the  atmosphere  of  inert  gases  has 
made  it  possible  to  develop  powerful  types  of  locomo- 
tive headlights  and  lamps  for  projection  apparatus 
and  other  applications  where  the  concentrated  light 
source  was  an  absolute  necessity,  and  where  formerly 
the  arc  lamp  had  an  undisputed  field. 


Energy  Required  for  Heating  Buildings 


W.  O.  Peale 


IT  IS  frequently  necessary  for  central  station  solic- 
itors and  consulting  engineers  to  furnish  an  esti- 
mate of  the  electrical  energy  required  to  heat  a 
given  room  or  building,  and  to  make  comparisons  be- 
tween this  and  other  methods  of  heating.  To  those 
who  may  not  have  data  at  hand  on  this  subject  the 
present  article  should  be  of  value.  The  relative  heat 
values  of  various  fuels  are  indicated  in  Table  I,  as- 
suming 100  percent  efficiency  of  heat  application. 

T.ARLE  I— KKI.ATIVE  HE.\T  VALUES  OF 
VARIOUS  FUELS. 


Material. 

Units  Burned. 

B.t.u. 

Kw-hr. 

Coal — .Anthracite 

2000  lbs. 

27000000 

8000 

Coal — Bituminous . . . 

2  000  lbs. 

29  000  000 

8500 

Gas — Xatural 

I  000  cu.  ft. 

900000 

26s 

Gas — Artificial 

I  000  cu.  ft. 

600000 

I7S 

Wood — Hickory 

Cord — 4  wo  lbs. 

16500000 

4850 

Wood— Wliite  Oak. 

Cord — 3  800  lbs. 

14000000 

4  100 

Wood — Pine 

Cord — 3  000  lbs. 

1 1  000  000 

3200 

Wood— White  Pine. 

Cord— I  900  lbs. 

7000000 

2000 

Values  for  wood  are  necessarily  approximate  due  to 
the  many  variables  encountered.  The  average  effi- 
ciency of  gas  and  coal  furnaces  may  be  taken  as  60 
percent.  A  poor  furnace  will  run  as  low  as  40  per- 
cent while  some  exceptionally  good  ones  will  give 
about  75  percent. 

To  determine  the  electrical  energy  necessary  to 
heat  any  given  room  or  building,  many  factors  must 
be  taken  into  consideration.  Heat  is  lost  by  transmis- 
sion through  walls,  floor  and  ceiling  and  through  air 
necessar}'  for  ventilation.  The  exposure  of  the  build- 
ing must  also  be  considered.  Losses  by  radiation 
may  be  calculated  as  shown  in  Table  II. 

These    coefficients,    for    latitudes    approximately 

that  of  Pittsburgh,  will  be  increased  as  follows : — 

10  percent  for  nortbern  and  windy  exposure. 

10  percent  where  building  is  heated  during  day  time  only, 

and  building  is  not  exposed. 
30  percent  where  building  is  heated  during  day  time  only. 

and  location  is  an  exposed  one. 
50  percent  wlicre    the    building    is    heated    intormittentiy 

during  the  winter  months. 

From  these  figures  it  is  easy  to  calculate  the  heat 
lost  by  radiation  onlv.     This,  however,  does  not  in- 


clude the  heat  lost  due  to  ventilation.  For  the  home  it 
is  usually  considered  sufficient  to  change  the  air  once 
per  hour.  For  other  buildings  the  relative  values 
given  in  Table  III  are  considered  good  practice,  al- 
though no  standard  allowance  can  be  made  to  suit  all 
jcases,  and  the  figures  of  the  designer  or  architect 
should  be  used  in  all  such  calculations. 
These  figures  are    for    uncontaminated    air.     Where 

TABLE  II— WATTS  LOST  BY  RADIATION  PER 
SQUARE  FOOT  OF  SURFACE  PER  DEGREE  F.  DIF- 
FERENCE IN  TEMPERATURE.* 


Radiating  Surface. 


Watts. 


24  in.  brick  wall o. 

12  in.   brick   wall |  o. 

8  in.  brick  wall o. 

4  in.   brick  wall o. 

Wooden  flooring o. 

Wooden  ceiling o. 

Fireproof  flooring o. 

Fireproof  ceiling o. 

Single  window o. 

Single  skylight o. 

Double  window o. 

Double  skylight o. 

Door  (65  percent  wood — 35  percent  glass) o. 


Door — plain . 
Wood  partition- 


-I  in.  thick. 


.O.S75 
0925 

1930 

0245 

"305 

0360 

0425 

3.=;5 

,300 

.170 

,185 

170 

120 

.120 


smoke,  gas,  gas  illumination,  etc..  are  present,  addi- 
tional provision  must  be  made.  A  single  gas  burner 
consumes  about  45  cubic  feet  of  air  per  minute.    To 

TABLE  III— AIR  REQUIRED  FOR  VENTILATION  OF 
PUBLIC  ROOMS. 


Service. 

Cu.  Ft.  of  Air  per  Hour. 

Hospitals 

Legislature  assembly  balls 

Barracks,  bedrooms  and  Workshops. 

Schools  and  churches 

Theatres  and  ordinary  balls 

Office  rooms 

3600  per  single  bed 

3600  per  seat 
3  000  per  person 
2400  per  person 
2  000  per  seat 
I  800  per  person 
I  800  per  person 

heat  one    cubic  foot  of  air    one    degree    F.  requires 

0.0054  watt-hours,  or  one    kilowatt    hour    will    heat 
2  650  cubic  feet  of  air  70  degrees  F.     From  this  the 


♦Figures  are  taken   from   "Ventilation   and   Heating"   is- 
sued by  B.  F.  Sturtevant  Co. 
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FIG.  I — A  WESTINGHOUSE 
HEATER  OF  THE  LUMINOUS 
TYPE 


energy  necessary  to  heat  the  air  recjuired  for  ventila- 
tion may  readily  be  determined. 

A  quicker  method  of  determining  approximately 
the  amount  of  heat  necessary  to  maintain  the  tempera- 
ture of  a  room  is  given  in  the  following  formula: — 

/"W  C  \  T 

(   4-  +  G  +cfi)o4=  li^^'  losses  in  watts 

where  ^K=:  exposed  wall  surface  in  sq.  ft. 
G  =  exposed  glass  surface  in  sq.  ft. 
C^  contents  in  cubic  feet. 

r  =:  difference   between    inside   and    outside    tem- 
peratures in  degrees  F. 

This  formula  assumes  that  the  building  is  of  good 
construction  with  fairly  thick  vi'alls,  tight  fitting  doors 

and  windows  and  no  un- 
usual conditions,  such  as 
exposure  to  high  winds, 
etc.  It  is  an  approxima- 
tion only  for  preliminary 
estimates  and  is  not  to  be 
considered  accurate  for 
all  cases. 

Tlie  cffiieiicy  of  electric 
heating  depends  upon  the 
installation.  If  air  heaters 
are  used  in  each  room, 
the  efficiency  is  given  as 
100  percent.  If  a  hot  water  or  steam  heating  system 
is  employed,  supplied  from  one  central  boiler,  the 
efficiency  will  depend  upon  the  radiation  from  the 
boiler  and  supply  pipes.  Using  immersion  bayonet 
heaters  and  with  the  boiler  and  supply  pipes  well 
lagged  to  minimize  radiation  losses,  the  efficency 
should  be  from  90  to  95  percent — the  loss  of  course 
heating  the  cellar  or  boiler  room. 

If  a  forced  ventilation  system  is  used  and  the 
building  is  heated  by  forcing  air  over  and  through 
electric  heaters  (preferably  of  the  grid  type),  the  ef- 
ficiency should  range  about  the  same  as  for  immersion 
heaters,  under  the  same  condition  as  regards  heat  in- 
sulation of  the  generating  system. 

In  all  calculations  of  the  heat  necessary  to  obtain 
a  certain  result,  the  character  of  the  installation  must 
be  considered.  For  instance  in  a  small  store  where 
the  doors  are  opened  often,  an  additional  allowance 
should  be  made.  In  the  home  the  loss  from  this  may 
be  neglected.  The  lowest  outside  temperature  on  rec- 
ord should  always  be  used  in  these  calculations. 

Example — Office  15  by  15  by  10  feet — located  at  the 
northwest  corner  on  the  third  floor  of  a  four- 
story  warehouse.  The  building  has  12  inch 
brick  walls — floors  of  fireproof  construction, 
two  windows  each  18  square  feet,  one  door 
3  by  7  ft,  a  one  inch  wood  partition.  Tem- 
perature of  office  to  be  70  degrees  F. — balance 
of  building  40  degrees  F.,  outside,  zero  de- 
grees F.    Air  supply  4  000  cubic  feet  per  hour. 

Then  according  to  the  above  conditions : 

Watts 

Exposed  wall iCA  sq.  ft.  bv  0.0S25  by  70  —  1710  +  10  percent  =  1S80 

Exposed  slass 36  sq.  ft.  by  0.3.5.5   bv  70  =    000  -r  10  percent  —   990 

Interior  partition..    300  sq.  ft.  by  0.12     by  SO  =  1080 

Ceiling 22.5  sq.  ft.  by  0.0425  by  30  =  290 

Floor 225  sq.  ft.  by  0.036   by  30  =  240 

Air 4000  sq.  ft.  by  0.0054  by  70  =  J510 

Total  watts  5990 

There  should  be  used  two  3-kilowatt  air  heaters, 


one  under  each  window,  each  having  three  heat  control. 

Calculations  for  any  application  of  electric  heat 
for  buildings  can  be  made  by  a  simple  application  of 
the  various  constants  given  herein,  in  the  same  way  as 
in  the  example  just  given.  To  obtain  a  comparison 
of  the  cost  of  heating  with  electricity  and  various  fuels 
it  is  only  necessary  to  figure  the  electrical  input  as 
above  and,  with  a  given  rate  per  kw-hr.  the  cost  of 
operation  can  be  approximated  closely.  By  referring 
to  Table  I  the  corresponding  amount  of  the  specified 
fuel  can  be  obtained  and  a  comparison  made,  always 
bearing  in  mind,  however,  the  difference  in  efficiency 
between  electricity  and  the  other  methods. 

It  is  not  fair  in  such  estimates  to  base  a  decision 
only  on  the  relative  cost  of  operation.  The  cleanli- 
ness, convenience  and  sanitary  features  of  electric 
heat,  the  freedoin  from  all  noxious  gases  and  fumes, 
the  reduction  of  the  fire  risk,  the  elimination  of  any 
charges  for  removing  ashes,  etc.,  all  should  have  a 
bearing  on  a  decision. 

Electric  heat  is  acknowledged  to  be  the  ideal 
method  wherever  the  means  of  the  user  or  the  low 
rates  for  power  will  permit  its  use.  Many  hydro-elec- 
tric and  some  steam  driven  stations  make  rates  that  are 
within  the  reach  of  the  average  consumer,  and  wher- 
ever such  rates  exist,  the  field  for  electric  heating 
should  be  carefully  developed. 

In  making  comparisons  between  electric  and  other 
heaters  it  must  be  carefully  kept  in  mind  that  the  ef- 
ficiency of  the  air  heater  as  a  heater  is  100  percent. 
This  fact  indicates  that  there  can  be  no  real  difference 
in  the  efficiencies  of  air  heaters  of  different  makes. 
Owing  to  the  extreme  variations  in  local  conditions  en- 
countered in  this  class  of  service  it  must  also  be  evident 
that  a  definite  guarantee  of  accomplishing  certain  re- 
sults cannot  be  given,  and  that  the  engineer's  estimate 
can  be  based  only  on  his  best  judgment  and  the  best 


FIG.    2 — A    NON-LUMIXOUS    ELECTRIC    AIR    HE.\TER 

information  available  concerning  the  installation  at 
hand.  If  the  user  insists  upon  a  definite  guarantee 
he  should  be  made  to  understand  that  the  engineer 
can  only  make  such  a  guarantee  by  allowing  an  ample 
margin  of  input  over  what  is  really  considered  neces- 
sarj',  in  order  to  make  sure  that  there  is  no  possibility 
of  insufficient  heat  supply,  a  condition  which  is  al- 
ways inadvisable  on  account  of  the  useless  extra  cost 
to  the  purchaser  of  the  electrical  apparatus. 


standardization  in  Industrial  Illumination 

A.    J.    AlRSTON 

THE  PLEA  for  standardication  in  mdustrial  establishments  is  based  on  the  desire  for  the  most 
efficient  and  economical  units  and  methods,  and  the  best  and  cheapest  results.  In  the  field  of  illumination 
the  need  of  more  definite  standardication  has  long  been  felt,  and  it  is  with  a  view  of  indicating  the  goat 
to  which  this  desire  is  leading,  as  well  as  suggesting  some  practical  ideas  for  the  solution  of  the  problem, 
that  the  present  paper  is  presented. 


IT  IS  necessary  in  the  first  place  to  decide  what  is 
meant  by  good  illumination  and  then  endeavor 
to  deduce  standards  therefrom.  The  best 
possible  light  in  which  to  work  is  that  which  gives  the 
greatest  comfort  to  the  eyes  or,  in  other  words,  which 
has  the  least  possible  deleterious  effect  on  them.  As 
no  two  persons  have  eyes  alike,  it  would  seem  at  first 
impossible  to  give  ideal  illumination  from  the  points 
of  view  of  any  two  individuals.  However,  if  it  were 
possible  to  produce  light  equivalent  to  that  out  doors 
on  a  cloudy  day,  i.  e.,  diffused  daylight,  there  are  \ery 
few  who  would  not  agree  that  the  lighting  conditions 
under  such  circumstances  were  ideal.  Such  light  is 
produced  by  an  enormous  mass  at  the  very  high  tem- 
perature of  6  ooo  degrees  C.  or  more  at  a  great  dis- 
tance away,  from  which  light  has  to  pass  through  a 
screen  of  vapor  or  cloud  before  reaching  the  location 
under  consideration.  In  other  words,  it  is  a  semi- 
indirect  system  of  illumination.  Further,  similar  ef- 
fects can  be  obtained  by  having  the  direct  rays  of  the 
sun   reflected    from  outside  a  building  through   win- 


FIG.    I  FIG.   2 

FIG.    1 — DI.\GRAM    INniC.\TIXG   THE   ANGLES    THROUGH    WHICH 

LIGHT  RAYS   ENTER  THE  EVE 
FIG.    2 — SHADE    OF    THE    CORRECT    DESIGN    TO    PREVENT    DIRECT 

LIGHT  FROM   ENTERING  THE  EYE 

dows  on  which  the  actual  rays  do  not  strike  and  this 
would  then  be  an  indirect  system  of  lighting.  When 
the  sun's  rays  fall  directly  upon  the  working  plane  a 
direct  system  of  illumination  is  produced  but  the  light 
is  too  glaring  for  indoor  work.  Thus  as  regards  day- 
light semi-indirect  and  indirect  lighting  are  preferable 
to  direct  lighting. 

Referring  now  to  artificial  systems  of  illumina- 
tion, without  exception  the  light  is  produced  by  mat- 
ter heated  to  incandescence,  no  light,  such  as  that  of 
the  glow  worm,  having  been  produced  artificially  that 
is  capable  of  being  put  to  practical  use.  It  is  necessary, 
therefore,  to  decide  how  the  artificial  lights  can  be 
used  to  the  best  available  advantage. 

Illumination  consists  in  projecting  light  waves 
from  a  source  or  sources  so  that  they  will  strike  the 
bodies  to  be  illuminated,  some  light  waves  being  ab- 
sorbed and  some  being  reflected.  The  latter  enter  the 
pupil  of  the  eye,  producing  a  picture  on  the  retina 
so  affecting  the  nenes  that  the  picture  is 
transmitted  to  the  brain.  The  color  of  the  light  is 
dependent  upon  the  length  of  waves  produced  and  the 


varying  wave  lengths  give  all  of  the  well-known  color 
effects  of  the  visible  spectrum  from  red  to  violet,  be- 
sides the  invisible  infra-red  and  ultra-violet  rays. 
Daylight  contains  all  of  these  rays  and  in  such  propor- 
tions as  to  cause  an  object  to  appear  in  its  true  colore 

The  color  of  an  object  seen  by  reflected  light  is 
produced  by  the  waves  reflected  from  it  and  hence 
an  absolutely  black  object  appears  so  because  it  ab- 
sorbs all  the  rays  and  reflects  none.  A  blue  object 
in  a  red  light  would  appear  the  same  as  a  black  object, 
since  none  of  the  rays  are  reflected.  Artificial  light- 
ing should,  therefore,  approach,  as  nearly  as  possible, 
to  daylight  in  order  to  show  objects  in  their  accus 
tomed  colors ;  and,  further,  the  effect  on  the  eye  should 
be  such  as  to  produce  conditions  similar  to  daylight, 
since  it  is  for  useful  and  not  ornamental  purposes 
that  light  is  required  in  industrial  establishments. 

The  eye  has,  through  long  usage,  become  accus- 
tomed to  receiving  light  from  an  overhead  source.  The 
result  is  that  its  muscles  adapt  themselves  to  these 
conditions,  becoming  stronger  in  tlie  upper  parts  of 
the  eye,  and  the  nerves  becoming  less  sensitive.  The 
effect  of  a  bright  light  below  the  level  of  the  eye  is 
to  cause  an  irritating  glare,  whereas  the  same  light  an 
equal  distance  above  the  level  of  the  eye  and  yet  still 
in  the  range  of  vision  may  cause  practically  no  marked 
inconvenience.  Any  direct  rays  of  light  entering  the 
eye  are,  however,  objectionable. 

The  effect  of  glare  on  the  eye  is  to  produce  head- 
aches and  consequent  inefficiency,  probably  affecting 
the  health  of  the  individual  and  eventually  impairing 
the  sight.  The  troubles  caused  bj-  inadequate  illumi- 
nation, due  to  too  much,  too  little,  or  too  concentrated 
light,  are  many  and  far  reaching  and  the  more  thor- 
oughly the  subject  of  illumination  is  studied  the  more 
it  is  realized  that  the  very  best  methods  and  forms  of 
lighting  are  needed  in  order  to  produce  the  most  bene- 
ficial results  for  mankind. 

Even  where  there  is  no  glare  and  the  intensity  is 
suitable,  the  eff'ect  of  continuous  light  of  one  intensity 
only,  or  rather  of  rays  composed  of  the  same  combina- 
tion of  wave  lengths,  for  a  long  period,  is  to  cause 
fatigue,  since  it  gives  no  play  to  the  muscles  actuating 
tlie  pupil  and  therefore  the  eye  has  no  rest;  there  are 
no  light  and  shade  effects,  no  variations  in  color.  This 
is  especially  noticeable  when  reading  for  a  considerable 
length  of  time  without  taking  the  eyes  from  the  pages, 
particularly  if  the  paper  be  colored. 

There  are  many  different  sources  of  artificial 
light,  none  of  which,  however,  give  a  spectrum  contain- 
ing the  complete  set  of  wave  lengths  which  form  the 
spectrum  of  daylight.     The  three  principal  illuminat- 
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ing  units  are  the  incandescent  gas  mantle,  the  incan- 
descent electric  filament  and  the  electric  arc.  These 
three  are  continually  being  experimented  with  and  im- 
proved upon,  until  today  their  reliability  is  almost  un- 
questioned. In  addition  to  these  units  the  vacuum  tube 
lamps  are  also  available,  the  only  ones  of  which  having 
been  put  to  practical  use  as  yet  being  the  mercury 
vapor  lamp  and  the  Moore  tube. 

These  four  types  of  lamps  are  all  being  used  ex- 
tensively and  in  order  to  arrive  at  a  conclusion  with 
regard  to  standards  and  their  application  to  industrial 
establishments  in  particular,  the  reasons  for  standard- 
ization should  be  considered.  Until  quite  recently  the 
problem  of  the  illumination  of  a  factory  was  solved 
by  placing  arc  lamjis  at  intervals  and  small  carbon 
filament  lights  at  particular  locations  where  necessary. 
Glaring,  flickering  arc  lights  with  uneven  distribution 
and  innumerable  scintillating  spots  where  small  drop 
lights  were  being  moved  to  and  fro  by  workmen  were 
the  result.  When  the  tungsten  lamp  came  into  use,  the 
science     of     illumina-  _ 

tion  took  more  rapid 
strides  and,  as  the 
strength  and  durabil- 
ity of  the  filament  and 
the  size  of  the  lamp 
was  increased,  so  in- 
creased also  the  bene- 
fits which  the  illumin- 
ating engineer  could 
give  to  the  world  by 
improveme  nts  in 
lighting  methods  and 
systems.  And  now, 
with  the  latest  type 
of  tungsten  lamps,  an 
economical  and  effi- 
cient installation,  in 
which     the    illumina- 


KIG.    3 — A    WELL    LIGHTED    INTERIOR    WITH    WHITE    WALLS 


plane.  The  second  screens  the  source  of  light  but  al- 
lows a  certain  amount  to  diffuse  through  the  shade 
whilst  a  considerable  portion  is  reflected  from  the 
ceiling  or  a  special  reflector.  The  last  and  most 
common  method,  owing  to  its  economy,  is  to  place  a 
shade  or  reflector  around  the  light  source  so  that  with 
the  direct  and  reflected  light  the  great  majority  of  the 
rays  are  thrown  on  the  working  plane. 

The  first  system  is  perhaps  the  best  if  conditions 
permit  of  its  installation,  for  the  glare  is  reduced  to  a 
minimum.  The  great  drawback,  however,  is  the  ex- 
pense, since  a  much  greater  intensity  of  light  is  re- 
quired from  the  source,  and  frequently  a  diffuser  as 
well  as  the  in\erte(l  reflector,  owing  to  conditions  mak- 
ing it  impossible  to  use  ceiling  reflection.  In  addi- 
tion, the  fixture  is  a  receptacle  for  dust,  unless  boxed 
in  by  glass  which  cuts  off  an  appreciable  percentage 
of  the  light,  rendering  the  unit  still  more  expensive. 
The  uniformity  of  the  diffused  light  and  the  absence 

of  objectionable  glare 
■/,     '    ■  '  //  '  ,       and     shadows     make 

the  indirect  system 
capable  of  giving  the 
closest  approximation 
to  daylight  of  any 
form  of  artificial  il- 
lumination. 

The  second  system 
has  the  advantage  of 
the  first  but  in  a  less- 
er degree,  together 
with  the  additional 
economic  advantage 
of  more  light  from 
the  source  on  the 
working  plane,  since  a 
considerable     propor- 


tion  diffuses   through 

tion  approaches  very  closely  to  that  of  daylight,  can  be      the  shade.     This   carries  with  it  the  drawback  of  a 
designed  and  put  into  operation  in  almost  any  location,      certain  amount  of  glare.    The  fixture  is  less  expensive 
Standardization  is  necessary  in  order  to  make  a     and  more  easily  adapted  to  varying  conditions  than 
system  of  illumination  follow  certain  definite  rules  so      the  former. 

The  third  system  is  the  one  almost  universally 
adopted  for  industrial  purposes  and  gives  the  maxi- 
mum amount  of  light  on  the  working  plane  for  a  given 
consumption  of  power.  Also  the  lighting  fixtures  for 
this  type  are  the  least  expensive  and  the  most  easily 
adaptable  to  varying  conditions,  the  only  drav^-back 
being  the  glare.  Further,  the  light  can  be  projected 
on  to  particular  spots  and  in  particular  directions.  It 
thus  lends  itself  peculiarly  to  special  conditions  where 
a  light  is  required  which  will  illuminate  a  small  area 
at  high  intensity.  To  minimize  the  glare,  the  mount- 
ing height  of  the  units  in  this  system  must  be  greater 
than  that  with  either  of  the  systems  before  mentioned, 
but  in  industrial  establishments  this  is  usually  an  ad- 
vantage, owing  to  the  fact  that  the  light  source  is  then 
advantageously  placed  in  the  position  where  the  lamp 
is  least  liable  to  be  broken.    Furthermore,  where  white 


that  replacement  may  be  easy  and  extensions  may  be 
as  simple  as  possible.  The  sesthetic  side  which,  how- 
ever, counts  for  very  little  in  industrial  establishments, 
demands  standardization  to  some  extent.  The  eco- 
nomic side  requires  it  still  more  and  the  question  of 
efficiency  calls  for  the  best  under  the  existing  circum- 
stances and  therefore  adds  an  additional  reason  for 
standard  systems.  From  every  point  of  view,  then, 
there  is  the  call  for  standardization. 

In  considering  the  lines  along  which  standardiza- 
tion is  feasible  the  systems  and  units  in  use  at  thte 
present  time  must  be  studied.     As  before  mentioned, 
there  are  the  three  distinct  systems  of  illumination. 

I — Indirect  Lighting. 
2 — Semi-Indirect  Lighting. 
3 — Direct  Lighting. 

The  first  screens  the  source  of  light  from  the  ob- 
server so  that  only  reflected  light  reaches  the  working 
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ceilings  and  light  surroundings  arc  out  of  the  question, 
and  where  belts  and  dark  colored  machinery  absorb 
much  of  the  light,  and  also  where  dust  and  dirt  ac- 
cumulate rapidly,  the  cost  of  the  maintenance  of  the 
direct  system,  with  its  easily  changed  and  cleaned  re- 
flectors, is  as  low  as  possible.  From  the  point  of  view 
then  of  efficiency,  expense,  convenience  and  adaiitabil- 
ity  the  direct  system  of  lighting  holds  the  field  agamst 
the  other  two  methods.  Its  drawback  is  the  injurious 
effect  of  the  glare  on  the  eye  and  health  of  the  individ- 
luals  working  under  the  direct  rays  from  the  source 
of  light.  This,  however,  can  be  made  negligible  by 
using  the  correct  mounting  heights  and  reflectors. 

For  industrial  establishments  then,  neglecting  the 
very  few  places  where  the  artistic  effect  should  receive 
recognition,  it  is  well  to  standardize  on  the  direct  sys- 
tem. Having  chosen  the  system  the  standardization 
of  details  should  be  given  attention.  The  position  of 
each  unit  should  be  such  that  the  direct  rays  from  the 
light  do  not  come  within  the  range  of  vision  of  the 
workman  in  his  usual  position.  This  range  from  the 
eye  extends  45  degrees  alio\e  the  horizontal   and  75 


FIG.    4 — .\    SHOP    I.NTKKIUR    Willi     IJ.VKK    eoLOKEU    SLRROLXlll  .\(iS 

The  actual  wattage  of  lamps  per  square  foot  in  this  loca- 
tion is  twice  as  great  as  that  in  Fig.  3. 

degrees  below,  as  shown  in  Fig.  i,  the  head  being  con- 
sidered as  held  rigid  and  the  extreme  points  taken  as 
seen  in  a  vertical  plane.  Thus  a  bare  light  placed  for  the 
benefit  of  one  individual  alone  should  be  in  a  position 
at  least  as  far  above  his  eye  as  it  is  in  front  when  the 
maximum  horizontal  distance  from  the  light  which  he 
is  liable  to  assume  when  working  is  considered.  It 
is  obviously  impossible  to  standardize  mounting 
heights  when  using  bare  lights,  especially  when  the 
case  of  individuals  working  near  each  other  is  taken 
into  account.  The  reflector  that  is  to  be  used  on  the 
lamp  should  also  be  considered.  The  one  adopted 
should  not  reflect  any  light  directly,  outside  a  solid 
angle  of  90  degrees,  as  shown  at  the  right  in  Fig.  i, 
and  further,  the  amount  of  light  diffusing  through  the 
reflector  should  be  small  enough  so  that  it  will  not  ap- 
pear objectionably  bright. 

The  spacing  distances  of  the  lights  are  the  next 
consideration  and  in  order  to  obtain  them  the  effect 
of  shadows  must  be  the  chief  consideration.  Tn  of- 
fices, desks  are  liable  to  be  placed  within  a  distance 
of  seven  feet  from  center  line  to  center  line  and  di- 


rect lights  must  therefore  not  be  a  greater  distance 
apart  than  this  in  any  direction.  In  factories  the  dis- 
tances apart  of  machines  or  benches  must  be  taken 
into  consideration  and  eight  feet  is  a  safe  minimum, 
although  in  the  majority  of  cases  12  feet  or  even  more 
may  be  taken  as  one  standard,  providing  ceiling 
heights  permit  the  use  of  lamps  of  sufficient  intensity. 

The  standardization  of  mounting  heights  is  the 
next  point  to  be  decided  upon  and  again  the  90  degree 
solid  angle  reflector  must  be  considered.  This  pre- 
vents direct  rays  from  the  source  striking  the  eye 
under  the  normal  conditions  whatever  may  be  the 
mounting  height,  for  if  the  source  be  below  the  plane 
previously  considered  with  reference  to  a  bare  light, 
the  reflector  screens  the  glare,  and  if  it  be  above,  it  is 
out  of  range  of  vision.  Attention  must  therefore  be 
given  to  considerations  of  intensity  of  illumination  on 
the  working  plane,  excessive  glare  just  beyond  the 
normal  range  of  vision,  and  reflected  glare  from  ob- 
jects in  the  range  of  vision. 

Diffused  daylight  mentioned  in  the  earlier  part  ot 
the  paper  gives  illumination  of  high  intensity.  To  pro- 
duce this  intensity  with  direct  lighting  and  average 
ceiling  heights  would  mean  excessive  glare.  There- 
fore intrinsic  brilliancy,  and  hence  the  t)-pe  of  lamp, 
enters  into  the  question  of  standardization  of  mount- 
ing heights :  moreover,  since  low  intensities  give  ade- 
quate illumination  in  manj'  locations,  the  question  of 
economy  must  also  be  taken  into  account. 

Theoretical  considerations  do  not  altogether  gov- 
ern efl:'orts  at  standardization.  Further  deductions 
based  on  experience  should  also  be  taken  into  ac- 
count. At  the  present  day  the  tungsten  filament  lamp, 
in  its  var)ing  sizes,  length  of  life,  strength  of  filament, 
adaptability  and  economical  possibilities  of  usage,  is 
superior  to  all  others.  The  direct  system  with  tung- 
sten lamps  is  thus  the  best  standard,  and  the  questions 
of  standard  mounting  heights,  spacing  distances,  etc., 
for  varying  conditions  become  the  next  consideration. 

Every  location  should  be  separately  considered 
and  the  list  of  standards  decided  upon  should  be  suffi- 
cient to  cover  all  features  which  may  be  presented, 
the  majority  of  which  may  be  suggested  by  Table  I 
and  the  following  list : — 

I — Area  of  location.  4 — Type  of  ceiling  or  roof. 

2 — Shape  of  location.  5 — Color  of  ceiling. 

3 — Height  of  ceiling.  6 — Type  of  wall? — if  any. 

" — Color  of  walls. 
8 — Clas.s  of  work  carried  on  in  location. 
9 — Type  and  color  of  furniture  or  machinery. 
10 — Obstructions  between  working  plane  and   ceiling  or 

roof. 
II — Possible  locations  for  switches. 

12 — Requirements  of  safety  and  health,   for  wiring,  pip- 
ing and  positions  of  lamps. 
13 — Color  of  light  best  adapted  to  conditions. 
14 — Type  of  light  best  adapted  to  conditions. 

For  drafting  rooms,  the  semi-indirect  system  is 
often  used.  The  light  diffusing  through  the  reflectors, 
and  reflected  from  light  ceilings  and  walls  gives  an 
almost  entire  absence  of  shadows.  An  excellent  ex- 
ample is  given  by  the  use  of  clusters  of  four  60  watt 
lamps  on  fixtures  placed  eight  feet  apart,  opal  glass 
reflectors  being  used,  which  throw  the  light  upwards. 
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the  mounting  height  being  14  feet    and    the    ceiling 
height  16  feet. 

In  Table  II,  the  "watts  per  square  foot"  for  va- 
rious classes  of  work  are  based  on  figures  obtained 


TABLE  I— RELATIONS  OF  LAMP  SIZE,  LIGHTED  AREA  AND 

LOCATION  DIMENSIONS 

Mounting 

Height 

in 

Feet 

Size  of 

Lamps 

iu  Watts 

W 

Watte 

per 

Sq.  Ft., 

w 

Ideal  Spacing 
Distance 

Minimum 
Spacing 
Distance 

Maximum 
Spacing 
Distance 

7  to  10 

40 

0.5 

9"    0" 

8'D" 

WO" 

1.5 

5'    2" 

4' 6" 

6'0« 

2.5 

4'    0" 

3' 9" 

4' 3" 

8  to  12 

CO 

0.5 

11'    0" 

y  6" 

12' 9" 

1.5 

«•    4" 

.V  6" 

7' 3" 

2.5 

4'  11" 

4' 6" 

5' 6" 

10  to  14 

80 

0.5 

12'    7" 

10- 6" 

15' 0" 

1.6 

7'    4" 

6' 6" 

8' 3" 

2.5 

5'    8" 

yo" 

6' 6" 

12  to  16 

100 

0.5 

14'    5" 

12' 6" 

16' 0" 

1.5 

8'    2" 

7'0" 

9' 6" 

2.5 

6'    4" 

5' 8" 

7'  0" 

14  to  20 

150 

0.5 

17'    4" 

15' 0" 

20' 0" 

1.5 

10'    0" 

9'0" 

11'  0" 

2.5 

7'    9" 

7'0" 

8' 6" 

17  to  27 

250 

0.5 

22'    5" 

20"  0" 

25' 0" 

1.5 

12'  11" 

11' 9" 

14' 8" 

2.5 

IC    0" 

9/O" 

11' 0" 

25  to  35 

400 

0.5 

28'    2' 

25' 0" 

31' 6" 

1.5 

16'    4" 

15' 0" 

17' 9" 

2.5 

12'    7" 

11'  6" 

13'  6" 

3010  40 

500 

05 

31'    7" 

28' 0" 

35'  6" 

1.5 

18'    6" 

16'  6" 

20' 9" 

2.6 

14'    2" 

12' 6" 

15'  0" 

from  actual  installations.  The  size  of  lamp,  decided 
upon  from  Table  I,  and  the  "watts  per  square  foot" 
from  Table  II,  lead  us  to  deduce  an  "ideal  spacing  dis- 
tance d."  This  assumes  the  lamps  placed  on  the  cor- 
ners of  squares  throughout  the  location  and  is  there- 
fore ^^  .  , 

wattage  of  lamp 
the  square  root  of    j — ^ 

watts  per  square  foot 

This  may  be  made  clearer  by  an  example.     As- 
sume that  it  is  required  to  light  an  office   for  close 

TABLE  II— AMOUNT  OF  ILLUMIN.\TION  REQUIRED 
ACCORDING  TO  CLASS  OF  WORK 


Class  of  Work 

Watts  per  square  foot 

OflSce,   General 

1.4 

1.7 

2.5 

3.5 

1.5  to  0.76 

0.5 

1.2 

1.5 

2.0 

3  to  1.5 

2.5 

2.0 

1.5 

Close  Work 

Curve  Work 

Drafting 

Vaults 

Power  House 

Average  Machine  and  Bench  Work 

Particular  Machine  and  Bench  Work... 
Storerooms 

work,  ceiling  height  10  feet.  From  Table  II  the  inten- 
sity of  illumination  is  given  by  1.7  watts  per  square 
foot.     From  Table  I  the  size  of  lamp  required  for  a 


ten  foot  ceiling  is  the  60  watt. 


Then  d  = 


(60 

\1.7" 


■  6  feet 


That  is,  the  lights  should  be  spaced  six  feet  apart 
in  each  direction.  The  condition  of  surroundings  and 
class  of  work  are  the  most  potent  factors  to  be  con- 
sidered in  deciding  upon  the  w-atts  per  square  foot  to 
be  used.  How^ever,  the  difference  in  light  and  dark 
surroundings,  furniture  and  machinery  may  cause  a 
variation  up  to  25  percent  in  the  actual  intensity  of 
light  on  the  working  plane.  The  percentages  of  light 
absorbed  bv  one  reflection  bv  different  colored  wall 


papers  are  given  in  Table  III.  The  area  and  shape  of 
the  location  and  position  and  size  of  any  obstacles 
must  also  be  given  due  consideration.  In  offices  where 
desks  are  placed  along  the  walls  a  row  of  lamps  should 
always  be  hung  within  two  feet,  nine  inches  from  each 
wall.  Lamps  near  windows  should  not  be  wired  on 
the  same  switch  as  lamps  a  considerable  distance 
away.  Referring  again  to  Table  I,  the  ideal  spacing 
distances  are  given  for  three  values  of  w  for  each  size 
of  lamp,  and  in  the  last  two  columns  the  maximum 
allowable  variations  are  indicated. 

The  cost  of  the  installation  is  by  no  means  a  small 
consideration  and  has  its  due  effect  in  guiding  the 
designer.  A  basis  for  approximate  estimates  may  eas- 
ily be  made  after  a  little  experience  which  will  give 
the  cost  per  lamp  installed  complete.    If  m  =  number 

TABLE  HI— ABSORPTION  TABLE  FOR  VARIOUS 
COLORED  WALLS     . 


Kind  of  Paper 


Percent  Absorption 


Foolscap  paper 

Orange 

Yellow  wall  paper.. 
Light  pink  paper  ... 
Light  blue  paper... 

Brown 

Blue  green 

Deep  Chocolate 


30 
50 
60 
64 
75 
80 
88 
96 


of  lamps  for  a  location  and  A  =  area,  then  using  the 

Aw 


same  notation  as  before  n  =  ^.^  . 


This  multiplied 
by  the  base  cost  c  for  the  type  of  lamp  in  question 
gives  an  idea  of  the  total  cost  of  the  installation  C. 

A  set  of  standard  rules  may  thus  be  formulated 
to  guide  the  designer  in  his  efforts  to  lay  out  a  system 
of  illumination  for  a  location  in  an  industrial  estab- 
lishment. 

I — Measure  up  the  location,  making  a  rough  sketch  of 
plan  and  elevation  showing  ceiling  or  roof  trusses, 
positions  of  windows,  obstacles  which  may  affect 
the  installation,  present  outlets  and  switches,  if 
any,  and  giving  full  dimensions. 
2 — Make  a  note  of  color  and  condition  of  walls,  ceil- 
ing, furniture,  machinery  and  equipment  as  well  as 
the  class  of  work  carried  on  and  the  closeness  of 
application  required,  for  guidance  in  deciding  the 
intensity  of  illumination  to  be  used. 
3 — a — Draw  up  plans  to  scale. 

b — Decide  a  size  of  lamp  and  mounting  height. 
c — Assume  watts  per  sq.  foot  to  be  used. 

W 
d — Deduce  ideal  spacing  distance  d  =  -?;" 

e — Lay  out  position  of  lamps  on  plan  to  give  regular 
spacing   distances,    installing   a    row  _  within    two 
feet  nine  inches  of  each  wall  in  office,  and  ap- 
pro.ximating    as    near    as    possible    to    the    ideal 
spacing  distance  in  both  directions, 
f — Make  a  tracing,  from  the  plans,  showing  bounda- 
ries of  the  area,  old  outlets,  wiring  and  switch- 
ing    and     proposed     new     outlets     wiring     and 
switching, 
g — Specify   sizes   of   lamps   and    reflectors    and   give 
mounting   height   and   also   bill   of   material   and 
any   further  necessary  instructions   for   wiremen. 
h — Show  control  of  lamps  by  numbering  all  on  one 
switch  the  same. 
4 — Check   up   the   design   in   every   detail   at   the   actual 
location    and    see    that    each    lamp    and    switch    is 
effective  and  free  from  all  obstacles. 
5 — Deduce  approximate  cost  C  =  nc. 
By  these  rules  the  designer  will  be  enabled  to  il- 
luminate almost  any  location  in  an  industrial  establish- 
ment and  the  result  will  be  a  system  in  accordance 
with  the  theoretical  principles  already  discussed. 


Ventilation  by  Means  of  Small  Motor  Driven 

Fans  and  Blowers 

Bernard  Lester 

ONE  OF  THE  MOST  interesting  phases  in  connection  uitli  our  modern  method  of  living  is  the  at- 
tention we  give  to  obtaining  those  necessities  of  life  ivhich  in  earlier  days  were  looked  upon  as  freely 
obtainable  to  every  one,  such  as  pure  water,  plenty  of  light  and  pure  air.  Large  sums  of  money  are 
spent  in  obtaining  these  necessities,  while  years  ago  they  were  looked  upon  as  benefits  open  to  every  one, 
as  is  shozfH  in  the  old  expression,  "Free  as  the  air  we  breathe." 


THE  INCREASED  necessity  for  fresh  air  has 
come  about  principally  through  three  changes 
in  the  conditions  under  which  we  live.  In  the 
first  place,  our  method  of  living  throws  individuals 
together  in  groups  and  masses  much  more  frequently 
than  forn-'.erly.  In  business,  society,  education,  amuse- 
ments and  traveling  our  activities  are  carried  on 
in  groups  and  continually  many  persons  are  gathered 
together  indoors  and  often  in  one  room.  We  have  our 
business  conferences  together,  we  ride  together  in  the 
public  conveyance,  we  are  educated  in  groups,  we 
amuse  ourselves  together  and  we  eat  together.  In  fact, 
a  large  share  of  our  time  is  spent  indoors,  and  usually 
with  our  fellow  beings. 

In  the  second  place  the  conveyances,  schools,  of- 
fices and  factories  in  which  we  spend  our  time  are 
•constructed  much  differently  than  years  ago.    The  old 


FIG.     I — A    DIRECT-CURRENT     MOTOR-DRIVEN     SIROCCO     BLOWER. 
SUCH    IS    COM.MONLY    USED    FOR    VENTILATION 

:school  house  with  its  stove  in  the  center  of  the  room, 
and  its  rattling  and  leaking  window  frames  has  been 
replaced  with  a  structure  which,  for  all  intents  and 
purposes,  is  air  tight,  and  is  supplied  automatically 
with  a  definite  quantity  of  air  kept  between  certain 
limits  of  temperature  and  humidity. 

In  the  third  place  we  have  recognized  the  ad- 
vantage gained  by  plenty  of  fresh  air  supplied  to  us 
at  correct  temperature  and  correct  humidity.  This  is 
necessary  not  only  in  preventing  disease  but  in  increas- 
ing the  efficiency  of  the  human  body  and  mind.  Such 
recognition  has  crystallized  in  many  quarters  into  leg- 
islation. In  most  states  laws  have  been  made  requir- 
ing that  all  school  buildings  be  supplied  with  a  definite 
number  of  cubic  feet  per  minute  of  fresh  air  per  in- 
dividual occupant.  Similar  state  laws  and  city  ordi- 
nances apply  to  other  buildings,  such  as  sweat  shops, 
Tnoving  picture  shows,  business  offices  and  hospitals. 


An  acknowledged  standard  has  become  adopted  which 
dictates  that  approximately  30  cubic  feet  of  fresh  air 
per  minute  be  supplied  a  given  room  for  ever}'  occu- 


FIG.  2 — ROT.\TING  El.i  M  : 


WER  SHOWN  IN"   FIG.    I 


pant.  The  temperature  for  comfort  is  influenced  di- 
rectly by  the  humidity  as  is  the  healthfulness  of  the 
air.  A  test  recently  made  in  a  school  room  in  Chicago 
showed  that  the  limits  of  comfort  existed  between 
temperatures  from  64  to  70  degrees  F.  with  corre- 
sponding relative  humidity  of  55  to  30  percent.  With 
the  careful  analysis  which  is  being  given  to  industrial 
efficiency  the  comfort  and  healthfulness  of  employes 
can  be  reduced  directly  to  terms  of  increased  profits 
from  capital  invested. 

With  such  conditions  as  these  existing  it  will  be- 
come obvious  that  there  has  come  about  a  large  de- 
mand for  small  electrically-driven  units  which  will  as- 
sist in  efficient  heating,  accomplish  satisfactory  venti- 
lation and  produce  cooling  effects,  where  such  are  de- 


FIG.    3 — INTAKE    END    OF    MOTOR    DRIVEN    VENTURA    FAN    SHOWING 
MOTOR   MOUNTING 

sirable,  to  bring  about  normal  working  conditions. 
This  demand  is  due,  in  a  large  measure,  to  the  fact 
that  there  are  a  number  of  buildings  erected  in  the 
past  with  little  provision  made  for  obtaining  these  re- 
sults. In  these,  the  installation  of  a  complete  venti- 
lating system,  such  as  would  be  placed  in  a  modern 
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l)uil(linj,',  wilh  necessary  fans  and  hlowcrs,  pijjing  sys- 
tems, ducts,  etc.,  would  l)c  excessively  expensive  and 
often  almost  impossiljlc  without  the  reconstruction  of 
the  building  itself.  Even  in  new  heating  and  \entilat- 
ing  installations,  small  blowers  and  fans  may  be  used 
to  meet  special  conditions  as  in  the  ventilation  of  toilet 
rooms,  laboratories  and  kitchens.  One  of  the  chief 
reasons  for  the  necessity  of  these  is  the  fact  that  these 


Fir,,  4 — siriE  VIEW  of  outfit  show.n   i.n  fu;.  3 

ventilating  units  are  directly  under  the  control  of  the 
user  rather  than  under  the  control  of  the  individual 
operating  the  entire  ventilating  system.  Conditions 
often  arise  where  such  control  is  an  absolute  necessity. 

The  common  type  of  small  ventilating  sets  con- 
sists either  of  a  motor-driven  disc  ventilating  fan,  usu- 
ally mounted  in  the  wall,  or  else  a  motor-driven  blower 
consisting  of  a  blower  wheel,  blower  housing  and 
motor  mounted  with  pedestal  for  its  support  in  one 
unit.  The  latter  outfits  are  usually  mounted  upon  the 
floor  or  upon  a  wall  bracket. 

Like  most  types  of  fans  the  power  required  to 
drive  a  disc  ventilating  fan  increases  rapidly  with  an 


and  ventilating  systems  extending  throughout  the 
buildings.  'I'his  type  of  fan  is,  however,  signally  suc- 
cessful in  supiilying  fresh  air  to  individual  rooms, 
stores  or  workshops,  or  in  similar  places  where  it  is 
more  desirable  to  exhaust  large  quantities  of  impure 
or  heated  air,  or  air  laden  with  gases,  smoke  or  ob- 
noxious fumes.  Even  when  so  employed,  however, 
motor  driven  disc  fans  may  be  subject  to  overloads, 


fig.    5 — BLOWER   OUTFIT   IN    CONNECTION    WITH    .\    VALUATOR 
ALREADY    INSTALLED 

increase  in  speed,  usually  as  the  cube  of  the  speed. 
Assuming  a  constant  speed,  the  power  required  to 
drive  it  increases  as  the  flow  of  air  is  restricted  either 
by  a  counter  air  pressure  or  else  resistance  offered  by 
the  use  of  a  piping  system.  The  disc  fan  is  not  suffi- 
ciently positive  in  its  operation  for  use  where  there  is 
an  extensive  piping  system,  and  consequently  cannot 
be  successfully  employed  in  supplying  air  for  heating 


fig.    6 — A    VENTILATING    OUTFIT    CONVENIENTLY    LOCATED 
IN    A    CLUB   ROOM 

as  in  the  case  of  a  fan  placed  in  the  wall  exhausting 
out  of  doors  against  a  strong  wind.  To  meet  such 
overload  conditions  the  more  successful  types  of 
motor  driven  disc  fans  are  designated  with  sufficient 
motor  capacity  to  operate  successfully  when  the  area 
of  the  outlet  or  inlet  is  reduced  to  approximately  two 
thirds  normal.  Totally  enclosed  motors  should  be 
used  with  fans  of  this  type,  for  air  laden  with  dust, 
dirt,  or  moisture  is  likelv  to  be  drawn  over  the  motor. 


FIG.    7 — REMOVING    SMOKE    AND    ODORS    FROM    A    KITCHEN    BY 
MEANS   OF    A  BLOW'ER   OUTFIT 

Series  wound  direct-current  motors  can  be  success- 
fully used. 

The  operating  characteristic  of  the  small  utility 
blower,  as  typified  by  the  Sirocco  type,  dift'ers  from 
that  of  the  disc  ventilating  fan.  The  power  required 
to  drive  it  increases  with  an  increase  in  speed,  but 
as  soon  as  resistance  is  offered  to  the  flow  of  air  there 
is  a  decrease  in  the  power  required  to  drive  the  blower. 
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Consequently  if  such  a  unit  is  supplied  with  a  motor 
of  ample  capacity  to  operate  the  blower  with  inlet  and 
outlet  wide  open,  there  is  no  danger  of  overload  when 
resistance  is  ofifcred   to  the  flow  of  air.     Obviously 


FIG.  8 — TWIN   FANS  VENTILATING   THE  BASEMENT  OF  A  LARGE 
DRYGOODS   STORE 

series  wound  direct-current  motors  cannot  be  success- 
fully used  with  these  blowers.  Since  the  air  handled  by 
the  blower  is  not  drawn  over  the  motor,  there  is  no 
necessity  to  use  totally  enclosed  motors  with  these 
units  unless  the  unit  itself  is  to  be  placed  where  it  wail 
be  particularly  subject  to  dirt  or  moisture. 

Since  the  volume  or  air  delivered  bj-  both  types 
of  ventilating  units  greatly  increases  with  an  increase 
in  operating  speed,  in  the  interests  of  economy  as  high 
operating  speeds  as  possible  are  selected.  The  limiting 
feature  for  most  applications  is  quiet  operation.  For 
all  ordinary  classes  of  service  these  units  must  operate 
quietly  and  the  output  of  the  fan  or  blower  could  be 
increased  materially  were  noisy  operation  permissible. 


FIG.   9 — RE.MOVINr.    DANGEROUS    FUMES    FROM    THE    HOOD    IN    \ 
CHEMICAL   LABORATORY 

The  use  of  disc  ventilating  fans  anil  utility  blow- 
ers has  increased  remarkably  during  recent  years. 
Disc  fans  are  being  used  almost  universally  in  restau- 
rants, moving  picture  shows,  laundries,  bakeries,  tex- 
tile plants,  chemical  plants  and  for  other  similar  serv- 
ice. The  illustrations  shown  herewith  are  simply  typ- 
ical of  installations  chosen  at  random.  The  use  of  the 
motor-driven  utility  blowers  has  been  largely  limited 


heretofore  to  the  ventilation  of  telephone  booths,  toi- 
lets, steamer  cabins,  club  rooms,  for  exhausting  fumes 
above  kitchen  ranges  or  from  hoods  used  in  chemical 
laboratories.  More  recently,  these  units  have  been 
employed  for  oflice  ventilation.  Fig.  5  shows  one  of 
a  large  number  of  duplicate  units  installed  in  a  large 
office  building  for  supplying  fresh  air  in  connection 
with  radiators  already  installed.  The  fresh  air  ducts 
leading  from  the  outside  through  the  wall  to  the  radia- 
tor were  found  to  supply  an  insufficient  quantity  of 
air.  and  the  flow  of  air  was  irregular  and  unsatisfac- 
tory since  it  depended  largely  upon  the  direction  of 
the  wind  and  other  outside  influences.  Ventilation  by 
means  of  a  number  of  these  small  units  was  obtained 
TABLE  I— VOLUMES  OF  AIR  RECOMMENDED 


Room 


Complete  change 
of  air  every 


Number  of  cu.  ft. 

of  air  per  minute 

per  occupant 


5  to  10  minutes  de- 
Hotel     dining     room,  pending  on  height 

restaurant of  ceiling 

OflSces,  living  and 
sleepingrooms, halls, 

schools,  etc 

Smoking  rooms 

Kitchens,      laundries, 

laboratories,  etc 1  to  3  minutes 

Telephone  booths, 
bank  vaults  and  very 

small  rooms 

Sick  rooms 

MoN-ing  picture  thea- 
ters  I 

Operator's  booth  in 
moving  picture  the- 
atre  ! 


20  to  30 
30  to  50 


iOtoSO 
30  to  50 

20  to  30 


20  to  30 


Kitchen  and  laboratory  should  have  a  hood  over  the  range 
or  place  where  fumes  emanate,  with  an  outlet  pipe  of  the 
diameter  of  the  fan  ring. 

In  laundries  the  fan,  if  used  for  exhausting,  should  be  as 
low  ill  the  wall  as  po.ssible  so  that  the  heavy,  moisture-laden 
air  will  be  drawn  out  of  the  room.  Seven  feet  above  the  floor 
is  a  good  height  for  safety  as  well  as  for  good  results. 

at  a  comparatively  small  cost  and  without  tlie  necessity 
of  reconstructing  any  part  of  the  building.  A  remark- 
able increase  in  operating  efficiency  of  the  office  force 
was  obtained  by  the  installation  of  these  units. 

Several  units  of  this  kind  have  been  built 
in  the  walls  of  small  hospitals  used  in  some  of 
the  large  steel  plants.  With  a  filter  box  equipped  with 
a  cheese  cloth  screen,  the  air  is  purified  before  being 
taken  indoors.  A  reversing  mechanism  permits  the 
use  of  this  outfit  as  an  exhaust. 

In  selecting  the  proper  capacity  of  fan  for  a  par- 
ticular case,  it  has  become  customar}-  to  base  this  upon 
the  "change  of  air"  method  or  "number  of  occupants" 
method.  In  kitchens,  laundries,  dining  rooms,  etc., 
it  is  customary  to  first  decide  how  often  the  air  should 
be  changed  and  then  select  a  fan  of  sufficient  capacity' 
to  supply  an  amount  of  air  equal  to  the  cubical  con- 
tents of  the  room  within  tlie  approximate  time  limit 
selected  for  the  air  change.  For  offices,  halls,  schools 
and  moving  picture  shows  where  the  number  of  oc- 
cupants can  be  determined  closely,  the  number  of 
cubic  feet  of  air  supplied  the  room  is  based  entirely 
on  this.    Table  I  indicates  common  practice. 


Charging  Apparatus  for  Automobile  Lighting 

Batteries 


Q.  A. 

NOT  long  ago  the  field  for  battery  charging  recti- 
fiers was  almost  entirely  limited  to  the  charg- 
ing of  the  batteries  of  electrically  driven  ve- 
hicles. Nowadays,  however,  the  use  of  small  storage 
batteries  for  the  electric  lighting  of  gasoline  automo- 
biles has  become  almost  universal  and  a  new  field  for 
rectifying  apparatus  has  been  opened  up.  While  the 
size  of  the  rectifiers  required  for  this  service  is  much 


Bkackett 

lar  charging  themselves,  while  others  will  prefer  to 
have  it  done  for  them  at  some  nearby  garage. 

Still  another  field  is  opening  up  this  year  in  the 
application  of  storage  battery  lighting  on  motor 
cycles.  The  advent  of  the  new  cycle  car  also  will  still 
further  increase  the  number  of  people  who  will  have 
small  batteries  to  charge,  as  starting  motors,  charging 
generators,  etc.,  are  rather  incompatible  with  the  low 
cost,  simplicity  and  compactness  of  these  light  cars 
and  motor  cycles. 

The  problem  then  resolves  itself  into  providing  a 
small,  simple,  inexpensive  charging  device  which  the 
individual  car  owner  can  use  at  home  for  charging  the 
one  battery  of  his  car  himself,  and  a  larger  outfit 
suitable  for  large  garages  and  capable  of  charging  any 
number  of  batteries  that  may  be  on  hand.  In  what 
follows  certain  outfits  of  various  types  that  have  re- 


FIG.    I — SMALL   VIBRATING   TYPE   OF   RECTIFIER   WITH    AND 
WITHOUT    COVER 

less  than  for  electric  vehicle  charging,  the  relatively 
much  greater  number  of  possible  users  makes  this  new 
application  one  of  great  importance. 

While  many  cars  having  electric  lights  are 
equipped  with  small  generators  which  are  driven  by 
the  gas  engine,  when  the  latter  is  running,  and  in- 
tended for  keeping  the  battery  charged,  nevertheless 
there  are  many  cars  not  so  equipped.  For  these  some 
convenient  means  for  recharging  the  batteries  is  abso- 
lutely necessary,  not  only  for  the  private  user,  but  for 
the  large  garage  as  well.  Then,  too,  even  those  bat- 
teries normally  kept  charged  by  a  generator  on  the 
car  need  occasional  extra  charging.  All  such  auto- 
matic systems  employing  generators  driven  by  the  gas 
engine  can  be  designed  to  suit  only  average  conditions. 
If  a  car  owner  drives  mostly  at  night  with  his  lights 
on  he  will  drain  his  battery  faster  than  he  charges  it. 
If  he  runs  mostly  in  crowded  city  streets  or  over 
rough  roads  where  low  speeds  are  compulsory,  his 
battery  will  get  little  or  no  charging  from  the  gen- 
erator unless  it  is  specially  designed  for  these  condi- 
tions. Likewise  if  a  car  is  left  standing  idle  for  long 
periods  at  a  time  as  during  the  winter  months  or 
while  the  owner  is  out  of  town,  a  battery  will  become 
badly  run  down  and  need  special  charging.  For  this 
purpose  some  car  owners  prefer  a  simple  inexpensive 
device  with  which  they  can  do  this  occasional  or  regu- 


Transformer 


HagDet  Adjusting  Resistan 


FIG.    2 — WIRING    DIAGRAM    OF    RECTIFIER    SHOWN    IN    FIG.     I 

cently  been  developed  to  fill  the  above  requirements 
will  be  described. 

Probably  the  smallest,  simplest  and  least  expen- 
sive type  that  could  be  developed  for  charging  a  single 
battery  at  home  is  the  vibrating  type  of  rectifier,  one 
form  of  which  is  illustrated  in  Fig.  i.  This  device  is 
really  a  small  vibrating  switch  operating  on  the  low 
voltage  side  of  a  transformer  of  suitable  voltage  for 
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the  battery  to  be  charged.  This  switch  reverses  the 
connections  of  the  low  voltage  alternating-current  cir- 
cuit every  time  the  alternating  current  reverses  so  that 
as  a  result  the  current  through  the  battery  always 
flows  in  the  same  direction.  Fig.  2  shows  the  wiring 
diagram  of  a  rectifier  of  this  type  and  will  serve  to 
make  its  operation  clear.  A  small  two-winding  trans- 
former steps  down  the  voltage  of  the  line  to  a  value 
suited  to  the  battery  to  be  charged.  Energized  by  this 
low  voltage  secondary  are  two  alternating-current 
stationary  magnets  connected  in  series  with  each 
other  and  with  a  small  adjustable  resistance.  Op-v 
posite  them  is  pivoted  an  armature  energized  by  di- 
rect current  from  the  battery.  As  the  two  ends  of 
this  armature  are  always  of  opposite  polarity,  while 
the  alternating-current  magnets  are  so  connected  that 
on  each  half  wave  of  the  alternating  current  they  pre- 
sent the  same  polarity  to  the  armature,  the  latter  is  at- 
tracted by  one  alternating-current  magnet  and  repelled 
by  the  other,  the  effect  being  reversed  each  half  wave. 
This  causes  the  armature  to  vibrate  in  synchronism 
with  the  alternating  current,  the  vibration  being  con- 


FIG.    3 — COMPLETE   TEN   AMPERE   CHARGING    OUTFIT   FOR   B.\TTERIES 
OF   FROM    ONE   TO   TEN   CELLS 

trolled  by  a  compression  spring  near  each  end.  Near 
each  end  of  the  armature  are  mounted  iridium-plati- 
num  contacts  which  make  contact  at  alternate  half 
waves  with  a  pair  of  similar  stationary  contacts. 
These  latter  are  connected  to  the  two  ends  of  the 
transformer  secondary,  while  the  battery  to  be 
charged  is  connected  between  the  middle  point 
of  tlie  secondary  and  the  middle  point  of  the 
vibrating  armature.  During  one-half  wave,  then,  the 
current  flows  from  one  end  of  the  transformer  sec- 
ondary through  the  small  resistance,  (used  to  give  the 
charging  current  the  proper  "taper")  to  one  of  the 
stationary  contacts,  thence  into  one  end  of  the  arma- 
ture and  out  the  middle  point  into  the  battery  and 
back  to  the  middle  point  of  the  transformer.  The 
next  half  wave  the  operation  is  the  same,  except  that 
the  current  comes  from  the  other  end  of  the  trans- 
former secondary,  through  the  other  small  resistance 
and  across  the  other  pair  of  contacts.  One  great  ad- 
vantage of  this  design,  where  the  armature  is  polar- 
ized directly  by  the  battery,  is  that  the  user  need  pay 
no  attention  to  battery  polarity  as  a  reversal  of  the 
battery  connections  reverses  the  polarity  of  the  arma- 


ture, and  as  a  result  the  current  always  flows  into  the 
battery  in  the  right  direction  irrespective  of  the  con- 
nections. In  fact,  frequent  reversal  of  the  battery 
connections  will  be  of  advantage  as  it  will  give  more 
even  wear  of  the  contacts, — an  advantage  that  would 
not  be  available  with  a  rectifier  of  fixed  polarity  where 
a  permanent  magnet  is  used. 

Any  rectifier  of  the  vibrating  type,  if  it  is  to  be 
successful,  must  be  timed  to  make  and  break  contact 
at  just  the  right  time  on  the  alternating-current  wave. 
If  not  there  may  be  more  or  less  reverse  current  and 
sparking  at  the  contacts.  Since  this  adjustment  often 
needs  to  be  slightly  diflferent  for  different  circuits  a 
small  adjustable  resistance  is  provided  in  series  with 
the  alternating-current  magnets  which  controls  the 
vibration  and  makes  it  possible  to  readjust  the  recti- 
fier quickly  and  easily  to  suit  any  available  circuit 
within  its  rated  range.  Another  feature  of  conven- 
ience is  the  arrangement  whereby  the  screws  that 
fasten  the  face  plate  to  the  main  casting  are  utilized 
to  make  all  necessary  connections  between  the  two 
parts  of  the  outfit.  Thus  the  removal  of  these  four 
screws  breaks  all  connections  both  electrical  and  me- 
chanical, and  allows  the  face  plate  bearing  the  vibrat- 
ing mechanism  to  be  entirely  removed  for  inspection 
or  repair  if  ever  necessary. 

The  rectifier  described  above  utilizes  both  halves 
of  the  alternating-current  wave.  Even  at  that,  how- 
ever, the  direct  current  consists  of  a  series  of  inter- 
rupted pulsations,  since  it  is  zero  during  the  instant 
when  the  armature  is  moving  from  one  pair  of  con- 
tacts to  the  other.  As  a  result  the  direct  current  has 
a  form  factor  that  is  rather  high — about  1.4  in  fact — 
which  means  that  its  heating  value  is  higher  than  its 
chemical  value,  although  it  is  the  latter  that  is  of  use 
in  charging  a  battery.  This,  however,  is  not  sufficient 
to  be  serious  and  is  far  outweighed  by  the  advantages 
of  this  type  of  rectifier  in  simplicity,  small  size,  low 
cost  and  convenience.  In  the  case,  however,  of  vi- 
brating rectifiers  that  utilize  only  one-half  of  the  alter- 
nating-current wave,  the  danger  of  overheating  the 
battery  becomes  serious,  as  the  form  factor  is  then 
about  2.0  and  the  heating  effect  is,  therefore,  about 
four  times  as  great  as  with  plain  direct  current  of  the 
same  chemical  value. 

While  it  costs  all  the  way  from  25  cents  to  $1.50- 
to  get  a  batter)'  charged  at  a  garage,  according  to- 
locality,  the  use  of  a  vibrating  rectifier  at  home  makes 
it  possible  to  charge  a  battery  at  a  cost  only  slightly 
over  one  cent  an  hour  at  a  lo-cent  rate  for  current. 
This  low  operating  cost  will  allow  the  rectifier  to  pay 
for  itself  in  a  ven,'  short  time,  to  say  nothing  of  the 
convenience  of  not  having  to  visit  the  garage  each- 
time  the  battery  needs  to  be  charged. 

Another  type  of  rectifier  that  can  be  used  by  the 
individual  owner,  and  which  is  also  suitable  for  those 
garages  that  have  only  a  small  number  of  batteries  to- 
charge  at  a  time,  is  shown  in  Fig.  3.  This  is  of  the 
Cooper-Hewitt    mercury    type    and    is    designed    for 
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charging  any  number  fruni  three  to  ten  lead  cells. 
Simple  connections  are  provided  at  the  top  of  the 
panel  that  enable  it  to  be  used  on  either  no  or  220 
volt  circuits  of  any  frequency  from  40  to  133  cycles. 
In  order  to  gain  compactness  and  save  floor  space,  the 
outfit  has  been  designed  for  wall  mounting  and  is  en- 


FW.    4 — niRECT    RE.\U1N(;    VOLTMETER   OF   POCKET    SIZE    FOR 
BATTERY    TKSTINC;    .\Nn    SliMILAR    WORK 

tirely  self-contained.  On  the  main  casting  are 
mounted  a  small  auto-transformer  having  suitable 
primary  and  secondary  taps,  and  below  it  a  small  re- 
sistance box.  On  the  front  is  the  main  panel  of  slate 
carrying  the  line  switch,  meters,  control  dials,  etc. 
At  the  top  of  the  panel  are  located  the  line  terminals 
and  the  link  connections  for  changing  from  220  to  no 
line  volts.  Just  below  in  the  center  is  a  snap-switch 
for  connecting  and  disconnecting  the  outfit  from  the 
line,  and  just  below  it  the  knob  for  tilting  the  bulb  in 
starting.  On  either  side  are  the  two  three-point  dial 
switches  that  control  the  secondary  taps  of  the  trans- 
formers that  go  to  the  anodes  of  the  bulb,  while  below 
in  the  center  is  a  third  dial  switch  of  six  points  that 
controls  a  small  resistance  in  the  direct-current  cir- 
cuit. Coarse  adjustment  of  the  outfit  to  suit  the  num- 
ber of  cells  to  be  charged  and  the  current  desired  mav 
be  made  by  means  of  the  two  upper  dials  controlling 
the  transformer  taps,  while  finer  steps  of  adjustment 
may  be  made  by  means  of  the  lower  resistance  dial. 
The  use  of  a  resistance  for  this  purpose  is  much 
simpler  and  cheaper  than  a  reactance,  and  on  small 
outfits  like  the  one  in  question  simplicity  is  more  im- 


FIG.   S — COMBINATION   POCKET   VOLTMETER  AND   AMMETER 
SUITABLE    FOE   BATTERY    WORK 

portant  than  efficiency.  As  a  matter  of  fact  the  waste 
in  the  resistance  will  be  only  from  o.i  to  0.5  of  a  cent 
an  hour  at  a  lo-cent  rate  for  current,  which  is  en- 
tirely negligible. 

This  outfit  is  designed  for  a  direct-current  output 
of  10  amperes  and  will  operate  at  as  low  as  three  am- 


peres. It  may  be  used  by  the  individual  for  charging 
a  single  three-cell  lead  battery  or  a  five-cell  Edison 
battery  or  for  charging  two  or  three  such  batteries  in 
series  if  spare  batteries  or  batteries  from  other  cars 
are  on  hand.  In  the  small  public  garage,  the  ability  to 
charge  three  lead  or  Edison  batteries  at  once,  at  a  10 
ampere  rate,  will  make  it  very  useful,  while  the 
ability  to  charge  either  one  or  two  batteries  at  a  time 
will  make  it  possible  to  give  each  battery  just  tJie 
right  amount  of  charge.  The  outfit  is  not  ordinarily 
equipped  with  meters,  but  if  at  any  time  meters  are 
desired  they  are  easily  added,  as  shown  in  the  illus- 
tration, as  the  panel  is  drilled  and  wired  for  them  and 
dummy  studs  inserted  in  their  place.  It  is  but  a  mo- 
ments work  to  remove  these  and  substitute  the 
meters. 

When  a  number  of  batteries  are  to  be  charged  in 
series,  it  is  desirable  to  know  the  voltages  of  the  sepa- 
rate batteries.  For  this  purpose  a  portable  voltmeter 
is  most  convenient  and  to  fill  the  need  for  a  high- 
grade  meter  for  this  service  at  a  low  cost  a  special 
line  of  portable  meters  has  recently  been  gotten  out. 
These  instruments  operate  on  the  D'Arsonval  princi- 
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FIG.  6 — FRONT  AND  REAR  VIEWS  OF  A   SPECI.-\L   MERCURY  RECTIFIER 

pie,  having  a  moving  coil  and  a  permanent  magnet,  and 
are  especially  well  damped  and  consequently  easy  to 
read.  Jeweled  bearings  and  careful  design  have  made 
available  an  instrument  of  an  accuracy  within  one  per- 
cent of  full  scale  value  yet  of  verj-  small  size  and  low 
cost.  Fig.  4  shows  a  voltmeter  of  this  style,  while  Fig. 
5  shows  a  voltmeter  and  ammeter  in  one  case. 

In  Fig.  6  is  shown  a  rectifier  that  has  been  espe- 
cially designed  to  fill  the  needs  of  the  larger  garages 
that  may  have  quite  a  number  of  batteries  to  charge  at 
once,  yet  often  have  just  a  few  or  even  only  one  need- 
ing attention.  On  account  of  the  very  widely  varying 
requirements  of  such  garages  this  outfit  has  been  de- 
signed with  a  greater  flexibility  of  control  and  wider 
range  than  any  other  outfit  ever  before  offered  com- 
mercially. This  has  been  accomplished  by  the  use  of 
a  transformer  design  and  starting  system  that  are 
quite  novel  in  rectifier  work.  The  problem  encoun- 
tered was  to  make  an  outfit  that  would  operate  equally 
well  on  either  no  or  220  volts  and  have  the  same 
range  and  operating  characteristics  on  each.    Hitherto 
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most  rectifiers  built  for  operation  on  both  i  lo  and  220 
volts  have  been  more  or  less  of  a  make-shift  on  one 
voltage  or  the  other,  except  in  the  case  of  a  few  small 
outfits  of  limited  range,  and  the  operating  character- 
istics and  charging  range  have  been  distinctly  different 
on  the  two  voltages.  This  has  been  because  of  the  fact 
that  the  primary  transformer  taps  used  for  voltage 
control  gave  entirely  different  results  on  220  volts 
from  what  they  did  on  1 10.  In  the  design  here  de- 
scribed, therefore,  all  voltage  control  for  charging 
over  the  whole  wide  range  is  accomplished  by  means 
of  taps  on  the  transformer  secondary,  while  no  pri- 
mary taps  are  used  whatever,  except  for  changing 
from  no  to  220  volts.  To  have  covered  a  very  wide 
range  with  secondary  taps  only  would  have  required 
an  excessively  large  number  of  taps  were  it  not  for  the 
scheme  shown  in  Fig.  7  where  the  secondary  winding 
is  broken  near  each  end  outside  the  primary  taps  and 
the  breaks  bridged  through  the  control  switches. 
Thus  on  each  side  of  the  neutral  there  are  two  dial 
switches,  one  controlling  the  secondary  taps  from  the 
neutral  out  to  the  break  in  the  winding  and  the  other 


FIG.   7 — WIRING  DI.\GR.\M   OF   SPECI.^L   RECTIFIER    SHOWN    IN    FIG.  6 

controlling  secondary  taps  on  the  small  end  winding 
beyond  the  break.  These  switches  are  so  intercon- 
nected that  they  may  be  used  independently  of  each 
other.  The  inner  switch  gi\e5  large  steps  of  voltage 
control  while  the  outer  switch  gives  small  steps  so 
proportioned  that  its  complete  range  is  about  the 
same  as  one  large  step  on  the  inner  dial.  The  total 
number  of  adjustments  is,  therefore,  not  the  sum  of 
the  number  of  dial  switch  points,  but  their  product. 
This  scheme,  therefore,  gives  a  very  wide  range  of  ad- 
justment with  a  reasonable  number  of  taps,  especially 
if  the  taps  on  the  two  sides  of  the  transformer  are 
slightly  staggered  instead  of  being  symmetrically 
located. 

The  outfit  illustrated  in  Fig.  6  can  be  used  on  either 
no  or  220  volts  and  has  the  same  characteristics  and 
range  on  either  voltage.  Change  from  one  voltage  to 
the  other  is  provided  for  by  means  of  link  connections, 
near  the  top  of  the  panel,  while  a  line  switch  serves  to 
connect  or  disconnect  the  outfit  from  the  line.  All 
voltage  control  for  charging  different  numbers  of  cells 
is  obtained  by  means  of  taps  on  the  secondarv-  as  de- 


scribed above,  and  is  accomplished  by  means  of  the 
four  upper  dial  switches  shown.  The  two  upper  are 
small  step  switches,  while  the  two  lower  control  large 
steps.  The  dial  switch  in  the  center  at  the  bottom  of 
the  panel  controls  taps  on  a  small  reactance  coil  that 
is  connected  in  series  with  the  primarj'  of  the  trans- 
former. Half  the  taps  are  for  use  with  no  volts  and 
the  other  half  for  220  volts.  The  purpose  of  this  reac- 
tance is  to  give  "bad  regulation"  to  the  transformer. 
This  is  something  ordinarily  avoided  in  transformer 
practice  but  is  just  what  is  wanted  for  battery  charg- 
ing, since  if  no  resistance  were  used  the  current  would 
taper  off  to  zero  before  the  battery  was  wholly  charged. 
By  proportioning  the  amount  of  reactance  used  to  the 
number  and  kind  of  cells  to  be  charged  the  current 
can  be  caused  to  taper  off  during  a  complete  charge 
to  any  value  desired.  Rectifiers  for  ordinary  electric 
vehicle  charging  are  usually  permanently  adjusted  to 
have  the  same  percentage  reactance  throughout  their 
range,  but  because  of  the  widely  different  sizes  and 
rrakes  of  cells  for  automobile  lighting  that  a  garage 
would  have  to  handle,  including  both  lead  and  Edison 
types,  a  special  dial  has  been  provided  whereby  the 
user  can  adjust  the  reactance  to  suit  himself.  The  out- 
fit shown  is  designed  for  charging  from  one  to  twelve 
3-cell  lead  batteries  in  series,  or  an  equivalent  number 
of  Edison  batteries,  and  has  special  provision  also  for 
chargiiag  one  single  cell  when  desired.  It  is  thus  possi- 
ble for  a  garage  to  start  off  charging  twelve  three-cell 
lead  batteries  in  series  and  cut  these  out  of  circuit  one 
by  one  as  they  become  completely  charged,  readjust- 
ing the  outfit  each  time  to  suit  by  means  of  the  dials 
controlling  transformer  and  reactance  taps,  and  with- 
out the  use  of  any  series  resistance  whatever.  In  case, 
then,  one  of  the  batteries  has  one  low  cell  that  needs 
extra  charging  it  is  also  possible  and  easy  to  readjust 
the  dials  so  that  the  outfit  will  finish  the  charge  even 
of  this  one  cell.  The  outfit  is  conservatively 
rated  at  five  amperes  direct  current,  and  is 
especially  designed  for  charging  the  small  batteries 
on  motor  cycles,  but  a  similar  outfit  for  ten  amperes 
and  one  to  six  3-cell  batteries  could  of  course  be  made. 
The  current  delivered  is  indicated  by  an  ammeter 
mounted  on  the  panel,  but  a  voltmeter  is  not  furnished 
because  when  a  large  number  of  small  batteries  are 
charged  in  series  the  overall  voltage  is  meaningless. 
For  such  conditions  a  portable  voltmeter,  like  that 
shown  in  Fig.  4,  should  be  used,  and  the  voltage  of 
each  batter}-  measured  separately. 

The  starting  system  used  with  this  rectifier  is  also 
extremely  novel.  The  customarv-  method  with  hand- 
starting  outfits  is  to  use  a  resistance  connected  between 
the  starting  anode  and  one  of  the  main  anodes.  Thus 
when  the  bulb  is  tilted  so  as  to  bring  the  two  mercurj' 
])ools  together,  an  alternating  current  flows  from  one 
iwol  to  the  other  inside  the  bulb.  When  the  bulb  is 
allowed  to  tilt  back,  thus  separating  the  mercurj-  pools, 
this  current  is  interrupted  and  a  spark  occurs  at  the 
surface  of  the  mercur\-.     If  the  main  pool  is  positive 
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at  that  time  nothing  happens  and  the  bulb  does  not 
start.  If,  however,  it  is  negative  and  the  dials  are 
proper'}'  set  the  bulb  should  start.  This  scheme  works 
fairly  well  on  outfits  of  a  moderate  range  in  direct 
voltage,  but  is  entirely  hopeless  on  an  outfit  like 
that  in  Fig.  6,  which  is  designed  for  charging  from 
one  to  twelve  3-cell  lead  batteries  and  has  provision  for 
charging  one  single  cell  also.  This  is  for  two  reasons : 
— First,  either  the  resistance  must  be  changed  for  dif- 
ferent numbers  of  cells — which  is  too  bothersome  in 
a  public  garage  where  the  number  of  cells  to  be 
charged  may  be  different  each  time — or  the  starting 
current  will  be  widely  different  when  charging  various 
numbers  of  cells  since  it  varies  directly  with  the  di- 
rect voltage.  In  the  outfit  above  mentioned,  that 
charges  from  one  to  thirty-six  cells,  the  current 
in  the  latter  case  would  be  approximately  thirty-six 
times  as  great  as  when  adjusted  for  charging 
one  cell  only.  The  second  reason  is  that  a  spark  is 
not  effective  in  causing  a  bulb  to  start  up  even  though 
the  current  is  as  high  as  usual,  unless  the  voltage  of 
the  spark  is  fairly  high  also.  In  the  case  in  question 
if  the  outfit  were  adjusted  for  charging  one  cell,  the 
starting  spark  using  the  usual  system  would  be  too 
feeble  to  be  eft'ective  even  if  high  in  current  value. 

This  trouble  is  overcome,  however,  in  the  new  de- 
sign by  making  the  starting  spark  of  the  same  intensity 
under  all  conditions.  This  is  accomplished  by  taking 
advantage  of  the  fact  that  the  volts-per-tum  of  the 
transformer  remain  constant  since  primary  taps  are 
onty  changed  to  suit  changes  of  line  voltage.  There- 
fore, a  separate  small  secondary  winding  on  the  trans- 


former always  develops  the  same  voltage  independent 
of  how  many  cells  are  to  be  charged  or  how  the  sec- 
ondary dials  are  set.  Such  a  winding  is  accordingly 
provided  of  such  a  voltage  as  to  insure  a  vigorous,  ef- 
fective starting  spark,  and  it  is  connected  to  the  two 
mercury  pools  through  a  resistance  that  limits  the  cur- 
rent to  a  suitable  value  when  the  pools  come  together. 
The  resistance  is  also  sufficiently  high  to  prevent  the 
main  arc  from  starting  on  the  smaller  mercury  pool 
when  the  spark  happens  to  make  that  one  negative 
and  thus  rectifying  through  the  starting  resistance  and 
winding.  With  this  starting  system  the  bulb  will  start 
up  equally  well  on  any  number  of  cells,  which  is  a 
great  improvement  over  previous  designs. 

To  summarize,  therefore,  for  the  individual  user 
who  has  only  one  battery  to  charge,  the  vibrating  type 
of  rectifier  is  to  be  recommended  because  of  its  small 
size,  low  cost,  simplicity,  and  cheapness  of  operation. 
For  the  individual  user  who  has  several  cars  with  bat- 
teries to  be  charged,  and  for  the  small  public  garage, 
the  small  mercurj-  outfit  capable  of  charging  three 
batteries  of  three  cells  each  in  series  at  a  ten  ampere 
rate  is  best  suited,  because  of  its  larger  output  and 
greater  flexibility.  For  the  large  garage  where  the 
many  batteries  of  various  sizes  and  types  are  to  be 
changed  the  more  elaborate  mercury  rectifier  shown  in 
Fig.  6  has  been  especially  designed.  It  can  be  used  on 
either  line  voltage,  has  an  extremely  wide  range  of 
cells,  and  can  be  adjusted  for  either  tapering  or  quite 
flat  charging  rates.  Some  one  of  these  three  types  of 
outfits  will  suit  a'most  any  set  of  conditions  that  may 
occur. 


Immersion  Heaters 

FOR  WATER,  LIQUIDS,  OR  SEMI-LIQUIDS 

E.F.  Carpenter 

THIS  ARTICLE  PRESENTS  notes  from  several  sources  which  it  is  deemed  will  be  of  interest  to 
those  desiring  information  as  to  the  application  of  electric  heat  to  the  heating  of  water  and  the  many 
oils,  liquids  and  scwi-tiquids  'iscd  in  a  wide  variety  of  manufacturing  processes.  It  presents  specific 
facts,  examples,  tables  and  commercial  comments. 


ELECTRIC  HEATERS  for  the  heating  of  water 
and  various  liquids  should  preferably  be  of  the 
immersion  type,  for  the  reason  that  when  the 
heater  is  completely  immersed  it  gives  practically  all 
its  heat  to  the  liquid  and  is  very  nearly  100  percent 
efficient,  the  only  heat  loss  being  the  heat  given  to  the 
air  by  the  liquid  itself.  For  this  reason  what  are 
called  immersion  discs.  Fig.  i,  or  immersion  bayo- 
net heaters.  Fig.  2  should  be  used.  Disc  heat- 
ers are  constructed  of  a  slotted  ribbon  heating  ele- 
ment wound  on  a  mica  sheet  with  mica  sheets  to  in- 
sulate it  from  the  metal  disc  casing.  The  leads  are 
continuations  of  the  ribbon  element,  mica  insulated, 
and  connected  to  terminals  in  the  handle  where  the 
cord  is  also  attached.  Bayonet  heater  elements  are  also 
of  the  slotted  ribbon  type,  mica  insulated  and  assem- 


bled in  long  seamless  copper  tubes  or  bayonets.  All 
joints  and  seams  are  brazed  both  on  the  disc  and 
bayonet  types  so  that  they  will  be  no  more  subject  to 
damage  by  heat  than  the  sheet  metal  itself.  These 
types  are  of  the  simplest  form.  All  odd  and  freak 
shapes  and  sizes  should  be  avoided,  inasmuch  as  in 
most  cases  they  are  both  mechanically  and  electrically 
weak. 

These  heaters  have  their  widest  application 
in  the  heating  of  water.  The  great  majority  of 
water  heating  applications  are  easily  taken  care  of 
by  standard  heaters  now  being  manufactured.  How- 
ever, every  water  heating  application  requires  careful 
consideration  covering  a  great  many  points.  The  data 
necessarv  is  indicated  in  the  following  list,  not  only 
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for  water  heating,  but  for  the  heating  of  most  other  heating  of  small  amounts  of  water,  parafifine,  oils, 
liquids  used  in  the  various  manufacturing  processes: —  glues,  waxes,  inks,  glucose,  belt  dressings,  low  melt- 
ing solders,  and  the  like. 


I — Temperatures  to  be   maintained. 
2 — Time  allowed  to  heat  up  to  this  temperature. 
3 — Amount  of  water  or  liquid  to  be  heated. 
4 — If  any  movement  or  flow  during  cycle  of  opera- 
tion, in  what  amount. 


FU;.    I — IMMERSION    DISC    HEATER 

5 — Material  of  containing  vessel,  weight  of  same, 
whether  of  polished  nickel  or  copper  finish,  gal- 
vanized surface,  and  whether  insulated  from  radi- 
ation losses  or  not.  The  kind  of  insulation  and 
tnickness,  etc. 

6 — Sketch  showing  size  and  shape  of  vessel  and  space 
allowed  for  heater. 

7 — If  other  than  water,  chemical  characteristics,  spe- 
cific gravity,  specific  heat,  and  any  other  charac- 
teristic that  may  influence  the  input  required. 

8 — If  it  is  desired  to  maintain  approximately  a  given 
temperature  the  allowable  limits  of  variation 
should  be  considered. 

9 — The  temperature  of  the  liquid  as  it  comes  to  the 
heater  should  be  taken,  and  the  lowest  tempera- 
ture of  the  air  surrounding  the  containing  vessel 
shoidd  also  be  taken. 
10 — In  general,  all  operating  conditions,  special  char- 
acteristics or  unusual  features  of  the  proposed  in- 
stallation should  be  carefully  noted  as  it  may  act 
to  affect  temperatures  or  satisfactory  operation. 
II — The  voltage  of  the  circuit  is  important  for  the 
reason  that  it  is  preferable  not  to  go  above  250 
volts. 

In  most  cases,  especially  of  the  larger  installa- 
tions, losses  by  radiation  from  the  surface  of  the  con- 
taining vessel  should  be  given  consideration,  and  if 
these  losses  are  very  large  the  vessel  should  be  thor- 
oughly lagged  with  at  least  two  inches  of  good  heat 
insulation  material.  It  should  be  noted  that  in  all 
cases  of  the  larger  installations  special  circuits  will 
have  to  be  run  and  meters  installed  due  to  the  higher 
current  capacity  required. 

The  disc  type  immersion  heater,  which  gives  a 
range  of  from  125  to  i  100  watts,  will  be  found  satis- 
factory for  practically  all  the  smaller  applications,  such 
as  are  to  be  found  in  restaurant';,  barber  shops,  soda 


FIG.    2 — B.WO.N'ET   TYPE    HE.-VTER   WITH    AND   WITHOUT   CASING 

fountains,  offices,  kitchens,  chemical  laboratories, 
candy  factories,  theatrical  dressing  rooms,  dental  par- 
lors and  laboratories,  hospitals,  and  surgical  operating 
rooms.  This  heater  can  also  be  used  for  manv  detail 
applications  in  manufacturing  processes  requiring  the 


FIG.    3- 


-DETAIL    VIEW    OF    GLUE    POT    HEATED    BY    AN 
IMMERSION   DISC   HEATER 


The  bayonet  type  immersion  heater  has  a  very 
wide  field,  being  applicable  to  many  uses  similar  to 
those  mentioned  above  when  carried  out  on  a  larger 


FIG.   4 — SECTION    OF   LARGE   GLUE   POT   WITH    BAYONET    HE.\TER 

scale.  It  is  the  most  efficient  and  satisfactory  heater 
yet  produced  for  the  heating  of  the  larger  hot  water 
and  steam  sterilizers  for  hospital  use.     When  applied 


To      <^    3-1  u,         ^'^ 


3-lL 


FIG.    5 — SCHEMATIC   DIAGRAM    OF    CORRECT    HEATER    INSTALL.\TIO!» 

to  the  conmion  hot  water  or  storage  tanks  to  be  found 
in  the  home,  ranging  from  20  to  40  gallons  capacity, 
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degrees  in  thre^  hours  time,  the  efficiency  being  estimated 
at  85%. 

146  X  100  gal.  X  100  dcg.  _    I  460000 

180  X  0.85  ~        153        ~ 

9550  watts,  approximately.  Or  given  the  watts  as  10500, 
other  data  the  same  as  above,  and  required  to  show  the 
time,  will  work  out, 

146  X  100  gal.  X  ,00  deg.   ^  ,„i„„tes,  or  2  hours  and  44 

10500  X  .85 
min.,  approximately. 

Another  formula  which  will  be  of  considerable 

u.se  with  liquids  of  other  characteristics  than  water 

''■'"'''  W-^^^^Tx6o 

^  ~        3.41  X  m 

Where  W  —  theoretical  input  of  heater  req.  in  watts. 

Where     a  =  specific  heat  of  liquid  to  be  heated. 

Where    T  =  temperature  increase,  degrees  F. 

Where    w  :=  weight  of  liquid  in  pounds. 

Where    m  =  minutes   required  to  accomplish  change 
in  temperature. 

The  efficiency  of  the  installation  has  not  been  allowed 
for  in  this  formula  and  must  be  taken  care  of  as  a 
separate  calculation. 

The  bayonet  heater  should  be  so  installed  in  the 
system  that  cold  water  is  drawn  from  the  bottom  of 


the  tank  through  the  heater  and  returned  to  the  top 
of  the  tank  heated  to  nearly  the  maximum  required 
temperature,  as  shown  in  Fig.  5,  so  that  hot  water  may 
be  drawn  from  the  top  of  the  tank  shortly  after  the 
heater  switch  is  turned  on.  In  cases  where  this 
method  is  not  required  or  other  reasons  make  it  ad- 
visable, the  bayonet  heater  may  be  inserted  through 
the  bottom  or  side  of  the  tank  and  so  be  immersed  in 
the  whole  mass  of  the  liquid,  which  will  be  raised  as  a 
whole  to  the  required  temperature. 

\\'here  the  cost  of  current  is  low,  say  from  two 
cents  down  to  0.5  cent  per  kw-hr,  electricity  can  com- 
pete with  other  forms  of  heat,  and  there  is  an  immense 
field  for  these  types  of  heaters  as  yet  untouched.  Cen- 
tral stations  which  are  in  a  position  to  make  low  rates 
for  this  class  of  electric  heating,  especially  the  hydro- 
electric plants  in  the  Rocky  ]\Iountain  region  and  on 
the  Pacific  Coast  are  beginning  to  appreciate  the 
value  of  this  load  on  their  lines  in  giving  them  a  better 
load  factor,  and  are  making  every  effort  to  promote 
progress  along  these  lines. 


Outdoor  Switch  and  Circuit  Breaker  Apparatus 

J.  N.  Mahoney 

Switchboard  Engineering  Department 
Westinghouse  Electric  &  Mfg.  Company 

THERE  HAS  BEEN  such  an  unusual  amount  of  development  and  application  of  out-door  stuitching 
apparatus  in  the  last  fezv  years,  that  only  those  who  arc  in  close  touch  with  current  progress  in  these 
lines  can  keep  informed  as  to  the  designs  available  for  the  different  voltages  and  other  operating  condi- 
tions. It  is  with  the  idea  of  outlining  present  conditions  in  the  field  of  out-door  swilcli  and  circuit 
breaker  apparatus  that  the  present  article  has  been  prepared. 

THE  requirements  for  outdoor  service  are  ex- 
tremely varied.  The  apparatus  which  has  been 
developed  includes  the  air-type  and  the  oil-type 
switches,  the  air-type  fuses  and  oil-type  circuit  break- 
ers. The  air-type  switches  are  made  in  several  current 
capacities  and  in  all  voltages  up  to  165  000.  The  oil- 
type  switch  or  non-automatic  oil  circuit  breaker  is 
made  for  the  same  range  of  service  as  the  air-type 
switch,  up  to  165  000  volts.  The  air-type  fuses  of  the 
"Bomb"  type  are  made  in  capacities  up  to  100  am- 
peres and  25000  volts.  Oil  circuit  breaking  appara- 
tus is  available  in  a  variety  of  types  and  sizes  for  vari- 
ous methods  of  mounting  in  capacities  up  to  165  000 
volts  and  to  meet  any  present  plant  capacity. 

In  Figs.  I,  2  and  3  are  shown  representative 
automatic  oil  circuit  breakers  for  the  higher  range  of 
transmission  voltages  from  44  000  to  132  000  volts,  for 
either  hand  or  electrical  operation.  These  circuit 
breakers  are  of  the  floor  mounting  type  and  they  there- 
fore require  practically  no  supporting  structure  when 
mounted  on  the  ground.  They  are  equipped  with  what 
is  known  as  the  condenser  type  terminal  bushing,  as 
illustrated  in  Fig.  4,  which  shows  an  outdoor  terminal 
for  a  165  000  volt  circuit  breaker  or  transformer.  The 
highest  voltage  on  which  outdoor  apparatus  is  now 
being  operated  is  approximately  130000  volts,  so  that 
no  165  000  volt  apparatus  of  the  outdoor  type  is  yet  in 
service  at  full  voltage.    The  detail  construction  of  the 


switch  members  and  the  terminal  arrangement  in  this 
type  of  circuit  breaker  are  shown  in  Fig.  5.  The  con- 
tacts are  of  the  triple  butt  type,  that  is,  they  consist  of 
three  cylindrical  plunger  type  contacts,  two  of  which 
are  supported  to  make  contact  after  the  third,  which 
is  known  as  the  arcing  tip.  The  two  short  contacts 
are  known  as  the  main  contacts  and  have  a  very  long 
life  on  account  of  the  absence  of  any  arcing  thereon. 
The  capacity  of  this  type  of  circuit  breaker  is  usually 
not  required  to  be  greater  than  300  amperes.  This  type 
of  contact  is  unusually  substantial  and  requires  the 
least  inspection  and  maintenance,  which  is  an  essential 
feature  in  outdoor  service.  The  stationarj'  contact 
members  are  mounted  on  the  lower  end  of  the  termi- 
nal bushings,  and  are  of  such  shape  as  to  reduce  the 
intensity  of  the  static  field.  It  will  also  be  noted  that 
the  contact  details  on  the  moving  cross-bar  are  covered 
with  appropriate  static  shields,  elliptical  in  shape. 
These  enclose  the  contact  shunts  and  nuts  which  have 
a  great  many  sharp  edges  and  would  cause  highly  con- 
centrated static  stresses,  if  not  appropriately  shielded. 
A  third  static  shield  encloses  the  adjusting  details  at 
the  center  of  the  contact  cross-bar.  This  covers  the 
sharp  edges  presented  by  the  nuts  and  studs  which 
form  the  adjusting  means  in  properly  locating  the  re- 
lation of  the  moving  contact  to  its  supporting  rod  and 
the  stationary'  contacts. 

On  this  class  of  circuit  breakers,  the  contact  op- 
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crating  rod  is  made  of  "micarta"  instead  of  wood  on 
account  of  its  greater  mechanical  strength  and  uni- 
formity of  structure,  as  well  as  its  non-hygroscopic 
qualities.    Immediately  above  the    stationary    contact 


^^-^ 


FIG.    I — A    44000    VOLT,    TliktL-riJI.K     Kl.lA,  IKICALLY-OPEKATEU 
CIRCUIT   BREAKER 

Cover   removed   from   operating  mechanism. 

members  is  the  porcelain  shield  enclosing  the  lower  or 
oil  end  of  the  condenser  terminal  bushing.  This  serves 
the  purpose  of  preventing  the  settlement  of  dust  and 
carbonized  sediment  usually  present  in  the  oil,  on  the 
terminal  bushing.  It  has  been  found  in  practice  that 
the  static  field  present  around  a  terminal  bush- 
ing, in  high  voltage  service,  attracts  all  dust  and  dirt 
particles  from  the  oil,  so  that  they  lodge  on  the  surface 
of  the  bushing  and  impair  its  insulation.  These  porce- 
lain shields  prevent  this  lodgment  directly  on  the  bush- 


FIG.    2- 


-A    77  000    VOLT,    THREE-POLE    ELECTRICALLY-OPERATED 
CIRCUIT   BREAKER 


ing  and  it  is  found  the  agitation  of  the  oil  keeps  the 
porcelain  itself  clean,  because  the  sediment  does  not 
adhere  to  the  glazed  surface. 

Immediately  above  the  porcelain  shield,  in  the  cir- 


cuit breaker  in  Fig.  5,  are  shown  the  bushing-type  cur- 
rent transformers  concentric  with  the  bushing  and 
mounted  in  supporting  cases,  suspended  from  the 
mechanism  casting  or  top  of  the  circuit  breaker.  These 


FIG.    3- 


-A    132  000   VOLT,   THREE-POLE    ELECTRICALLY-OPERATED 
CIRCUIT  BREAKER 


supply  the  low  voltage  current  for  operating  meters  or 
overload  trip  coils  and  relays  where  the  circuit  breaker 
is  of  the  automatic  type. 

The  outer,  or  air  ends  of  the  ter-  ^ 

minal  bushings  are  provided  with 
porcelain  rain  shields  and  vary  in  di- 
ameter and  number  with  the  varied 
voltage.  These  enclose  the  con- 
denser type  bushing  and  form  a  tube 
around  it,  which  is  filled  with  an  ap- 
propriate insulating  gum  to  keep  out 
all  moisture.  All  of  the  operating 
mechanism  is  entirely  enclosed  to 
protect  it  from  rain,  sleet  and  other 
common  weather  conditions.  This 
type  of  circuit  breaker  has  been  in 
successful  use  on  service  as  high  as 
100 000  volts  throughout  several  se- 
vere winters,  even  when  almost  com- 
pletely encased  in  snow  and  ice. 

Figs.  6,  7  and  8  illustrate  several 
types  and  sizes  of  outdoor  oil  circuit 
breakers  for  service  from  750  to 
33  000  volts  with  intermediate  volt- 
ages of  2500,  4500,  7500,  15000 
and  22  000  volts.  This  general  type 
of  circuit  breaker  for  voltages 
up  to  15  000  volts  is  usually  intended  for  pole 
mounting  in  the  same  general  manner  as  the 
distributing  transformer.  They  are  usually  equip- 
ped    with     series     trip    coils     connected    directly   in 


FIG.    4 — A    150000 

VOLT  OUTDOOR- 
TYPE  CONDENSER 
TERMINAL 
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the  main  circuit  and  mounted  in  the  oil  to  pro- 
vide adequate  insulation  and  protection  from  moist- 
ure. The  overload  tripping  feature  is  usually  provided 
with  an  adjustable  inverse  time  element  dashpot,  also 


proximately  22000  volts  is  of  the  type  having  an  indi- 
vidual rectangular  tank  per  pole  as  illustrated  in  Fig. 


FIG.    5 — ONK    rOLK    Ul     A    .S5  UUU    VULT    CIRCUIT    BREAKER    REMOVED 
FROM    TANK 

Showing   triple   butt    type    of   contact. 

enclosed  in  the  oil  tank,  as  it  is  undesirable  to  have  a 
pole  mounting  circuit  breaker  open  the  circuit  except 
under  sustained  overload  conditions.  The  form  of 
contact  details,  their  insulating  supports,  the  trip  coils, 
and  dash  pot  used  in  this  general  type  of  circuit 
breaker  are  illustrated  in  Fig.  9.  This  shows  a  sub- 
way type  circuit  breaker,  with  the  tank  and  cover  re- 


FIG.    7 A.\     II  000    TO     J->  000     llANU-OPER.\TEl)     CIRCIMT     BREAKER 

7.     This  type  of  circuit  breaker  is  usually  provided 
with  bushing  type  transformers  supplying  secondary 


FIG.    8 — A   33000   VOLT  BRIDGE   TYPE   AUTOMATIC   CIRCUIT   BREAKER 

Developed  in  connection  with  single-phase  electrification 
of  tlie  New  York,  New  Haven  and  Hartford  Railroad  for  the 
automatic  separting  of  feeder  sections. 

trip  coils  rather  than  direct  series  trip  coils.    The  sev- 
eral designs  illustrated  are  of  the  hand-operated  type, 


FIG.    6 — A   2500   VOLT,    200    AMPERE,    HAND-OPERATED 
CIRCUIT  BSEA.KER 

Small  leads  connecting  to  current  tranformer  for  auto-  : 

matic  trip. 

moved,  rated  at  4  500  volts,  200  amperes.    The  outdoor     fig.  9— viev/   showing   internal  construction  of  general 

,..,,.  ,  .  ,    ,  type    of    circuit    breaker    shown    in    figs.    10   AND    II 

type  ot  circuit  breaker  for  voltages  of  15000  and  be- 
low is  usually  supplied  with  a  single  tank  enclosing  all     which  is  usual,  as  this  size  of  circuit  breaker  is  gen- 
poles.    The  form  for  voltages  above  15  000  up  to  ap-      erally  used  in  the  distributing  system  and  not  as  a  part 
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of  an  outdoor  sub-station  requiring;  an  attendant,  or 
remote  electrical  operation.  The  33  000  volt  design, 
shown  in  Fig.  8,  consisting  of  three  elliptical  tank 
units  mounted  on  an  angle  iron  frame,  is  electrically 
operated.     At  this  voltage  the    general    designs    and 


operated,  respectively.  Fig.  9  is  an  interior  view  of 
Fig.  10  and  illustrates  the  form  of  contacts  and  insu- 
lating trip  mechanism  details  for  this  general  type. 
The  contacts  are  of  the  wedge  and  finger  type  with 


FICS.     10    -A.ND    II — HAND    AND    ELLECTRICALLV-OPERATED    SUBW.W 
TYPE    CIRCUIT    BREAKERS 

service  requirements  change,  and  it  will  be  noted  that 
the  design  tends  to  a  similarity  with  the  higher  voltage 
designs  shown  in  Figs,  i  to  3.  The  contact  details  of 
the  22  000  and  33  000  volts  circuit  breakers  illustrated 
are  of  the  double  butt  form  similar  to  circuit  breakers 
for  higher  voltage.    Tn  the  dcniMc  butt  form,  one  large 


FIG.    15 — A   2500   VOLT   OUTDOOR    TYPE    PLUG    FUSE    BLOCK 

plunger  type  arcing  tips  to  remove  the  arcing  from  the 
wedge  contacts.  The  electrically-operated  mechanism 
is  enc'osed  in  the  upper  part  of  the  case  of  Fig.  11. 
This   form  can   be  totally  submerged  without  injury 


FIG.    16 — A    7  500   VOLT    OUTDOOR    TYPE    ENCLOSED    FL'SE    BLOCK 


-HANB-OPKKATF.I).     UDLKLE- THROW     POLE    TYPE 
OIL    SWITCH 


and  is  provided  with  bushings  for  lead  covered  cables. 
Distinct  from  the  general  design  of  outdoor  oil 
cylindrical  type  contact  is  used  for  the  main  contact  ^j^^^jj  breakers  are  the  outdoor  and  subway  oil 
and  a  small  cylindrical  contact,  longer  than  the  ^^-itches,  illustrated  by  Figs.  12  and  13.  These  show 
main  contact,  is  used  as  the  arcing  tip.  Usual  conduct- 
ing requirements  are  200  amperes  or  below  in  this 
service  and  several  hundred  of  this  type  of  circuit 
breaker,  both  hand  and  electrically  operated,  have  been 


FIGS.     13    AND    14 — A    4  500    VOLT,    DOUBLE-THROW    Sl^WAY    TYPE 
OIL   SWITCH.   WITH    AND   WITHOUT  CASE 

in  use  for  several  years,  particularly  as  sectionalizing 
circuit  breakers  mounted  outdoors  on  single-phase  rail- 
way systems. 

Figs,  to  and  11  illustrate  subway  forms  of  auto- 
matic circuit  breakers,  oil  type,  hand  and  electrically 


FIG.    17 — A   2J  000   VOLT   OL  TIHXIR   FUSE    AND   .\IR   BR-\KE 
DISCONNECTING    SWITCH 

double-throw,  three-pole,  4  500  volt  switches  of  200 
amperes  capacity  and  have  the  knife  blade  and  jaw- 
form  of  contact  similar  to  the  ordinarj-  knife  switch, 
mounted  on  porcelain  supports  and  having  vertical 
barriers  between  the  contact    details    of    the    several 
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the  main  circuit  and  mounted  in  the  oil  to  pro- 
vide adequate  insulation  and  protection  from  moist- 
ure. The  overload  tripping  feature  is  usually  provided 
with  an  adjustable  inverse  time  element  dashpot,  also 


proximately  22000  volts  is  of  the  type  having  an  indi- 
vidual rectangular  tank  per  pole  as  illustrated  in  Fig. 


FIG.    5 — ONE    rOLi;    OF    A    5;  000    VOLT    CIRCUIT    BREAKER    REMOVED 
FROM    TANK 

Showing   triple   butt   type    of   contact. 

enclosed  in  the  oil  tank,  as  it  is  undesirable  to  have  a 
pole  mounting  circuit  breaker  open  the  circuit  except 
under  sustained  overload  conditions.  The  form  of 
contact  details,  their  insulating  supports,  the  trip  coils, 
and  dash  pot  used  in  this  general  type  of  circuit 
breaker  are  illustrated  in  Fig.  9.  This  shows  a  sub- 
way type  circuit  breaker,  w^ith  the  tank  and  cover  re- 
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FIG.     7 — AN     II  000     Tu     JJ  000     HA.MJ-OPF.RATKl)     CIRCUIT     BREAKER 

7.     This  type  of  circuit  breaker  is  usually  provided 
with  bushing  type  transformers  supplying  secondary 


FIG.    8 — A   a  000   VOLT   BRIDGE   TYPE   .AUTOMATIC   CIRCUIT   BREAKER 

Developed  in  connection  with  single-phase  electrification 
of  the  New  York,  New  Haven  and  Hartford  Railroad  for  the 
automatic  separting  of  feeder  sections. 

trip  coils  rather  than  direct  series  trip  coils.    The  sev- 
eral designs  illustrated  are  of  the  hand-operated  type, 


FIG.    6 — A    2  50a    VOLT,   200    AMPERE,    HAND-OPERATED 
CIRCUIT  BREAKER 

Small  leads  connecting  to  current  tranformer   for   auto- 
matic trip. 

moved,  rated  at  4  500  volts,  200  amperes.    The  outdoor  fig.  9— viev/   showing   internal  construction   of  gener.vl 

,    .       ■    ,        .        .           .               .                      ,.  type  of  circuit  breaker  shown  in  figs.  10  and  II 
type  01  circuit  breaker  tor  voltages  of  15  000  and  be- 
low is  visually  supplied  with  a  single  tank  enclosing  all  which  is  usual,  as  this  size  of  circuit  breaker  is  gen- 
poles.     The  form  for  voltages  above  15  000  up  to  ap-  erally  used  in  the  distributing  system  and  not  as  a  part 
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of  an  outdoor  sub-station   requiring  an  attendant,  or  operated,  respectively.     Fig.  9  is  an  interior  view  of 

remote  electrical  operation.     The  33000  volt  design.  Fig.  10  and  illustrates  the  form  of  contacts  and  insu- 

shown  in  Fig.  8,  consisting  of    three    elliptical    tank  lating  trip  mechanism  details   for  this   general   type, 

units  mounted  on  an  angle  iron  frame,  is  electrically  The  contacts  are  of  the  wedge  and  finger  type  with 
operated.     At  this  voltage  the    general    designs    and 


FIGS.     10    .\xn    II- 


-H.^XD    AND    ELLECTRICALLY-OPERATED    SUBWAY 
TYPE    CIRCUIT    BREAKERS 


service  requirements  change,  and  it  will  be  noted  that 
the  design  tends  to  a  similarity  with  the  higher  voltage 
designs  shown  in  Figs,  i  to  3.  The  contact  details  of 
the  22  000  and  33  000  volts  circuit  breakers  illustrated 
are  of  the  double  butt  form  similar  to  circuit  breakers 
for  higher  voltage.    In  the  double  butt  form,  one  large 


FIG. 


-IIAXD-OPERATEII.     DUU  BI.E-TIIROW     POLE    TYPE 
OIL    SWITCH 


cylindrical  type  contact  is  used  for  the  main  contact 
and  a  small  cylindrical  contact,  longer  than  the 
main  contact,  is  used  as  the  arcing  tip.  Usual  conduct- 
ing requirements  are  200  amperes  or  below-  in  this 
service  and  several  hundred  of  this  type  of  circuit 
breaker,  both  hand  and  electrically  operated,  have  been 


FIGS.     13    AND    14 — A    4500    VOLT,    DOUBLE-THROW    SUBWAY    TYPE 
OIL   SWITCH.   WITH    .AND   WITHOUT  CASE 

in  use  for  several  years,  particularly  as  sectionalizing 
circuit  breakers  mounted  outdoors  on  single-phase  rail- 
way systems. 

Figs.  10  and  11  illustrate  subway  forms  of  auto- 


FIG.    15 — A   2  500   VOLT   OUTDOOR    TYPE    PLUG    FUSE    BLOCK 

plunger  type  arcing  tips  to  remove  the  arcing  from  the 
wedge  contacts.  The  electrically-operated  mechanism 
is  enc'osed  in  the  upper  part  of  the  case  of  Fig.  11. 
This   form  can  be  totally  submerged  without  injury 


FIG.     16 — A    7  500   VOLT    OUTDOOR    TYPE    ENCLOSED    FUSE    BLOCK 

and  is  pro\  ided  with  bushings  for  lead  covered  cables. 

Distinct  from  the  general  design  of  outdoor  oil 

circuit    breakers    are    the    outdoor    and    subway    oil 

switches,  illustrated  by  Figs.  12  and  13.    These  show 


FIG.    17 — A   22000   VOLT   OUTlMciR    FUSE   AXD  .\IR  BRAKE 
DISCONNECTING    SWITCH 

ilouble-throw,  three-pole,  4500  volt  switches  of  200 
amperes  capacity  and  have  the  knife  blade  and  jaw 
form  of  contact  similar  to  the  ordinarj-  knife  switch, 
mounted   on   porcelain   supports   and   having  vertical 


matic  circuit  breakers,  oil  type,  hand  and  electrically     barriers  between  the  contact    details    of    the    several 
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poles.  Fig.  14  shows  the  subway  type  switch  with 
tank  removed,  illustrating  the  arrangement  of  these 
details.  Arcing  tips  of  the  finger  type  are  used  with 
this  form  of  contact. 

Outdoor  mounting  fuse  devices   for  2  500  volt, 
7  500  volt  and  25  000  volt  service  are  shown  in  Figs. 


FIC.    18 — A    22  000    VOLT    SELECTOR    TYPE    DOUBLE -THROW    OUTDOOR 
DISCONNECTING   SWITCH 

15,  16  and  17.  The  smaller  block  is  of  the  type  usually 
used  for  fusing  the  primaries  of  2  200  volt  distrib- 
uting transformers.  The  box  shown  in  Fig.  16  has 
the  bomb  type  of  tubular  form  of  fuse  chamber  of  the 
indoor  type,  mounted  in  a  wood  box  for  outdoor  pro- 
tection. The  larger  or  25  000  volt  form  shown  is  also 
of  the  bomb  type  with  the  insulating  tube  chamber  en- 
closed in  a  porcelain  tube,  and  therefore  adapted  to 
outdoor  mounting.  This  form  of  fuse  device  can  also 
be  used  as  a  disconnecting  switch,  as  it  is  provided 
with  jaw  terminals,  and  a  hinging  arrangement  so  that 


In  Figs.  18  and  19  are  shown  representative  types 
of  outdoor  inverted,  or  "under  hung"  disconnecting 
switches  for  13  000  to  150  000  volt  service.  The  22  000 
volt  switch  shown  in  Fig.  18  is  provided  with  a  sleet 
shield  over  the  break  jaw  and  latch  details.  All  of 
these  switches  are  provided  with  a  latch  to  prevent  the 
opening  of  the  switch  except  when  operated  by  the 
hook  stick.  When  this  hook  stick  is  placed  in  the  eye 
on  the  blade,  it  first  operates  the  latch  and  then  the 
switch  blade  with  the  same  pull.  The  150000  volt  dou- 
ble throw  type  shown  in  Fig.  19  is  provided  with  a  unit 
type  insulator  of  the  "Quaker  hat"  type.  These  units 
are  individually  replaceable. 

In  Fig.  20  is  shown  a  drawing  of  a  mechanical  re- 
mote control  100  000  volt  disconnecting  switch.  This 
is  shown  hand-operated,  single-pole,  but  can  be  manu- 
factured either  hand  or  electrically  operated,  and  for 
I,  2,  3  or  4  poles.  It  is  equipped  with  the  unit  type 
pillar  insulator,  and  in  common  with  the  unit 
type    designs    above    mentioned,    the    pillars    can    be 


FIG.     19 — A     150000    VOLT     SINGLE-THROW    OUTDOOR    DIS- 
CONNECTING   SWITCH 

■     Equipped  with  sleet  shields  and  static  protector. 

it  can  be  removed  with  a  special  pole  of  wood.  The 
smaller  bomb  type  fuse  in  the  wood  box  can  also  be 
used  as  a  disconnecting  switch  by  the  use  of  appropri- 
ate insulating  removing  tongs.  The  2  200  volt  porce- 
lain plug  type  has  the  plug  made  removable  for  re- 
fusing and  disconnecting  purposes. 


FIG.    20 — OUTDOOR    TYPE    OF    REMOTE    MECHANIC.M,    CONTROL    HIGH 

VOLTAGE   DISCONNECTING   SWITCH 

mounted  with  either  end  attached  to  the  base.  This 
permits  of  the  contacts  and  pillars  being  mounted 
either  downward  or  upward  with  reference  to  the  base, 
and  makes  a  very  flexible  design  to  meet  the  various 
operating  conditions.  When  single-pole  units  only  are 
required  for  operation  by  a  hook  stick,  it  is  usually  de- 
sirable to  have  the  blade  below  the  base,  if  no  arc  is 
to  be  broken.  When  the  charging  current  of  a  line  or 
the  magnetizing  current  of  a  transformer  is  to  be 
broken,  it  is  preferable  to  mount  the  blade  above  the 
base  to  prevent  the  arc  striking  to  the  base  or  ground. 
\\'ith  the  rotary  type  of  pillar,  as  shown  in  Fig.  20,  the 
blade  moves  on  a  horizontal  plane  and  can  be  provided 
with  horns  to  assist  in  handling  the  arc.  In  this  case, 
the  blade  is  always  mounted  above  the  base.  The 
"Quaker  hat"  type  of  insulating  unit  with  the  metal 
fittings  adapted  thereto,  are  capable  of  withstanding 
comparatively  large  mechanical  stresses  in  practically 
any  direction,  such  as  bending,  tension,  torsion  or 
compression  when  made  up  in  pillars  as  shown.  The 
porcelain  sections  coming  under  stress  are  in  compres- 
sion in  practically  ever)-  case. 


The  Development  of  a  Pole  Hoisting  Derrick 


W.  A.  LaDue 
Division  Superintendent 
Public  Service  Electric  Company,  Jersey  City, 


N.  J. 


DEPARTaMEXTS  responsible  for  outside  plant  construction  and  operating  men  in  general  will 
be  interested  in  the  following  article  describing  apparatus  which  meets  a  long-felt  need  for  use  in  the 
erection  of  poles  from  35  to  65  feet  in  length,  and  which  is  applicable  not  only  on  highways  but  can 
also  be  used  with  decided  efficiency  in  the  construction  of  heavy  pole  lines  on  private  rights  of  way  and 
across  country  where  no  highiuays  exist. 


IN  the  year  1913-14,  a  transmission  line  40  miles  in 
length  was  constructed  between  Trenton  and  Cam- 
den, N.  J.,  by  the  Public  Service  Electric  Com- 
pany, by  the  aid  of  the  special  pole  hoisting  derrick 
illustrated  and  described  herein.  This  line  consists  of 
Class  A  chestnut  poles,  45  to  65  feet  in  length,  with 
galvanized  iron  cross-arms  and  steel  pins,  for  operat- 
ing at  13  200  volts,  three  phase,  60  cycles.    About  25 


Kli'.      1       I'M  I     ll(il~ll',(,     liiMKi,     WITH     BOOM     VERTICAL,     IN 
KLAULNKsb    lu    Hull.!    A    ruLE   INTO   POSITION 

percent  of  this  line  is  located  in  open  fields  and  the 
balance  on  the  highway.  The  derrick  was  particularly 
useful  in  the  cross-country  work,  where  rapid  progress 
was  made,  and  on  the  highway  as  many  as  forty-five 
50  foot  poles  were  erected  in  a  single  working  day  of 
nine  hours. 

Since  erecting  poles  in  a  territory  of  this  kind  by 
the  use  of  a  gin  pole  or  raising  them  with  pikes  would 


be  a  ver>'  expensive  and  long  drawn  out  job,  it  was 
necessary'  that  some  apparatus  be  designed  to  over- 
come these  obstacles,  and  the  derrick,  which  is  the  sub- 
ject of  this  article,  has  met  our  requirements  in  every 
sense  and  was  the  direct  means  of  saving  from  one  to 
three  dollars  per  pole  erected. 

Another  innovation  employed  was  the  substitution 
of  motor  trucks  for  horses  in  the  distribution  of  poles. 
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FIG. 


-A   45  FT.   POLE  LIFTEB  TO  POSITION   WITHOUT  THE   USE 
OF  A   BACK   GUY 


and  the  employment  of  large  pairs  of  wheels,  beneath 
the  axles  of  which  several  poles  were  swung  for  trans- 
portation. Horses  may  be  used  in  connection  with  the 
derrick  for  hoisting  the  poles,  but  the  motor  trucks 
with  their  requisite  gear  make  the  work  still  more 
rapid  and  more  satis  factor)'. 

The  accompanying    illustrations    show    the    con- 
struction details  of  the  derrick  and  also  some  views 
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of  the  apparatus  in  operation.  The  principal  feature 
or  secret  of  the  flexibility  of  this  derrick  is  in  a  uni- 
versal joint  at  the  top  of  the  stationary  frame  work, 
which  permits  the  boom  or  mast  to  be  swung  into  a 


the  l)Oom  can  be  stopped  at  any  angle  and  rigidly  se- 
cured. The  platform  frame-work  and  all  wood  used 
in  the  outfit  consist  of  well  seasoned  oak  and  can  be 
built  by  any  wagon  manufacturer  or  handy  carpenter. 


'=--  i\      -m 


FIG.     3 — WORKING     DIACR-\M     FOR     COXSTRUCTIXC     THE     POLE-HOISTING   DERRICK 


position  parallel  to  the  highway  or  into  a  ver- 
tical  position  and  also  transverse  to  the  platform.  This 
transverse  motion  allows  the  boom  to  be  inclined  so 
that  the  upper  end  swings  over  the  hole  into  which  the 
pole  is  to  be  set.     In  order  that  the  boom  may  be  op- 

4T^-IiLWhedc 


In  Fig.  2  the  derrick  is  shown  with  a  Class  A,  45  foot 
pole  hoisted  without  the  use  of  any  back  guy  on  the 
derrick,  but  provision  is  made  for  the  use  of  a  back 
guy,  which  makes  the  derrick  absolutely  secure  at  all 
times  for  extra  heavy  lifts.     The  center  guy  gives  a 


FIG.    4 — .ASSEMBLY    I)I.\GU.\M    OF    DERRICK    B.VSE,    PLATFORM    AND    BOOM    c;UIDES 


erated  quickly  and  with  perfect  safety,  two  guide 
troughs  are  built  at  right-angles  on  the  platform,  which 
entirely  eliminate  any  swaying  or  playing  of  the  boom; 
and  belts  are  provided  through  these  guides  so  that 


truss  effect  and  is  applied  for  stiffening  purposes  only, 
and  the  portable  guy  can  be  fastened  anywhere  along 
the  road  as  the  derrick  is  moved.  ^Mlen  the  boom  is 
reversed  for  operation  on  the  opposite  side  of  the  road, 
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the  guys  are  also  changed.    The  necessary  labor  to  op- 
erate this  derrick  is  a  team,  driver  and  three  men. 

An  interesting  feature  is  the  ease  with  which  the 
derrick  handled  poles  in  locations  where  trees  were 
ver>'  thick  and  poles  were  hoisted  through  the 
branches,  taking  branches  with  it  and  even  breaking 
off  heavy  limbs  with  no  appreciable  hindrance  or  dan- 
gerous strain  on  the  derrick. 


FIG.    3 — DF-T.-ML    DIAGRAM    OF    INSIDE    BOOM    COLLAR    AT    LEFT    AXD 
OF  OUTSWE  COLL.\R  AT  RIGHT 

The  inside  boom  collar  is  shown  in  position  at  the  right 
by  dotted  lines. 

The  tire  width  of  the  wheels  is  six  inches,  which 
is  good  for  ordinary  country  roads,  can  be  used  in 
cities,  and  is  of  special  importance  in  fields  and  on  pri- 
vate right  of  way  where  the  soil  is  soft.  In  several 
instances  the  derrick  was  moved  20,  25  and  30  feet, 
after  a  pole  had  been  hoisted,  in  order  to  get  to  a  hole 


where  the  pole  was  to  be  set,  without  any  danger  of 
toppling  over.  All  poles  were  hoisted  with  cross-arms 
applied  and  in  many  instances  6  to  12  arms  were  bolted 
to  the  pole  tops,  making  an  added  weight  of  80  pounds 
I)cr  arm. 

The  general  results  obtained  from  this  derr-ck 
have  greatly  exceeded  our  expectations.  The  cost  is 
comparatively  small,  if  its  advantages  are  to  be  consid- 
crc'l.  and  a  <^rcat  manv  uses  ran  he  made  of  it  a^ide 


FIG.  6 — A  VIEW  OF  THE  DERRICK  WITH  THE  BOOM  IX  THE  HORI- 
ZONTAL POSITION  FOR  TRAVEL  THROUGH  STREETS  AND  HIGH- 
WAYS 

from  setting  poles.  It  is  particularly  adapted  for  city 
streets  and  for  loading  and  handling  of  poles,  trans- 
formers and  apparatus  in  general.  As  a  whole  it  was 
found  that  the  time  and  expense  incurred  in  construct- 
ing this  special  vehicle  has  well  repaid  us  for  the  re- 
sults obtained  and  it  is  cheerfully  submitted  by  the  de- 
signer and  builder  for  the  especial  benefit  of  our  great 
industrv. 


Types  and  Uses  of  Graphic  Meters 


Paul   MacGahan 


THE  increasing  necessity  for  accurate  and  con- 
tinuous records  of  the  amount  and  character 
of  the  electrical  quantities  of  interest  in  con- 
nection with  the  utilization  of  energy  in  the  industrial 
field  has  brought  about  the  development  of  satisfac- 
tory means  for  obtaining  such  records.  These  records 
have  proven  of  great  value  in  determining  the  operat- 


while  many  factories  and  large  machine  shops  are 
using  them  to  advantage  in  making  analyses  of  the  rate 
of  work  and  the  length  of  time  consumed  in  the  vari- 
ous operations. 

It  is  well  recognized  that  indicating  instruments 
are  entirely  inadequate  for  the  purposes  outlined. 
Their  use  necessitates  the  taking  of  readings  at  fre- 


ing  efficiency  in  power  houses,  recording  variations  in      quent  intervals,  timing  and  tabulating  them  and  sub- 
the  power  requirements  and  cost  of  operation  of  motor-     sequently  drawing  the  curves  which  graphically  repre- 


driven  machinery  in  a  wide  varietj-  of  plants,  such  as 
steel  and  ro'ling  mill  drives,  machine  shops,  paper 
mills,  textile  mills,  wood  working  plants,  etc. ;  also  for 
obtaining  continuous  records  of  the  speed  of  printing 
presses,  looms  or  other  machinery  where  a  constant 
speed  is  of  importance,  or  for  keeping  an  automatic 
record  of  output  of  motor-driven  machiner)-.  Fur- 
thermore, graphic  meter  records  are  now  being  ex- 
tensively employed  by  large  power  companies  as  a 
basis  for  charging  for  power  according  to  the  maxi- 
mum demand,  or  peaks  lasting  a  certain  length  of  time ; 


sent  the  variations  indicated.  This  frequently  causes 
much  inconvenience  and  loss  of  time  to  the  station  at- 
tendants. Watthour  meters  give  accurate  records  of 
the  total  energy  consumption  during  a  given  time,  but 
no  idea  of  the  load  variation. 

The  function  of  graphic  meters  is  to  furnish  aur 
tomaticaUyj^  2?rmanent  and  continuous  records  of  va- 
riations in  the  energ}-,  voltage,  current,  etc.,  of  supply 
circuits ;  these  records  having,  if  necessan,-,  an  accu- 
racy fully  equal  to  the  momentar}-  readings  of  the  best 
indicating    instruments.      The    ideal    graphic     meter 
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should  be  rugged,  easily  understood,  connected  and  ad- 
justed; should  operate  for  a  considerable  length  of 
time  without  attention ;  should  be  simple,  should  have 
a  legible  record,  should  not  overswing  or  exaggerate 


FIG.    I — COMBINED    SWITCHBOARD    AND    PORTABLE    TYPE    VOLTMETER 

variations,  and  above  all  should  be  permanently  accu- 
rate. Portable  meters  should,  in  addition,  be  light  in 
weight,  and  adapted  to  use  on  various  kinds  of  cir- 
cuits. Unfortunately,  however,  the  ideal  instrument 
remains  yet  to  be  designed,  and  in  selecting  an  instru- 


FIG.   2- 


-TYPICAL   VOLTAGE    CHART   TAKEN    WITH    A    METER 
SUCH  AS  SHOWN   IN   FIG.    I 


ment,  the  characteristics  of  the  service  as  well  as  its 
limitations  should  be  considered  carefully. 

In  general,  graphic  meters  may  be  classified  in  a 
manner  similar  to  other  electrical  instruments,  with 
regard  to  character  of  service  and  to  accuracy  obtain- 
able, into  two  groups  : — 

I — Meters  in  which  simplicity  of  parts  or  manipula- 
tion, low  cost,  ruggedness  and  ready  portability  or  conven- 
ience have  been  the  determining  factors  in  the  design,  at 
a  sacrifice  in  accuracy. 

2— Meters  in  which  accuracy  has  been  made  the  prime 
requisite.  These  meters  are  eitlier  of  the  semi-portable  or 
switchboard  types,  are  somewhat  heavier  and  more  costly 
and  must  be  handled  with  a  greater  degree  of  care  and  in- 
telligence, than  the  first  mentioned  class. 

In  graphic  instruments,  as  in  all  others,  the  com- 
bination of  the  qualities  of  high  accuracy  and  sim- 
plicity is  the  ultimate  goal  of  designers,  but  unfortun- 
ately in  the  graphic  meters  these  two  qualities  are  even 
more  difficult  to  combine  than  in  indicating  meters, 
owing  to  the  fact  that  in  the  graphic  meters  legibility 
of  record  and  accuracy  in  time  keeping  form  addi- 


tional necessary  features.  In  general,  the  greater  the 
accuracy  desired  the  more  care  should  be  taken  in 
selecting  and  using  any  piece  of  measuring  apparatus. 

USES 

The  advantage  of  using  graphic  meters  lies  in 
the  fact  that  they  record  electrical  measurements  au- 
tomatically and  with  reference  to  time.  The  uses  to- 
which  such  instruments  can  be  applied  are  innumer- 
able,, but  a  few  of  the  more  common  cases  are  outlined 
below : — 

Station  Records — Records  of  bus-bar  voltage,, 
total  station  load,  and  loss  of  loads  may  be  recorded 
automatically  without  attention  on  the  part  of  the 
station  operator  other  than  changing  the  records  peri- 
odically. Good  lighting  service  requires  a  steady  volt- 
age; the  quality  of  the  light,  the  life  of  the  incandes- 
cent lamps  and  the  degree  of  satisfaction  given  to  con- 
sumers all  depend  upon  careful  attention  to  voltage 
regulation.  Knowledge  that  such  a  record  is  being 
kept  serves  as  a  stimulus  to  the  station  operator  and 
a  check  upon  the  adjustment  of  automatic  regulators. 

Service  Records — Even  though  the  station  voltage 
may  be  kept  constant,  the  e.m.f.  of  distant  points  of 
the  line  may  varj'  considerably,  due  to  fluctuations  of 
the  load,  chjmges  in  power-factor,  adjustment  of  line 
drop  compensators,  or  to  overloaded  transformers  or 
lines.     Many  companies  maintain  graphic  voltmeters- 


FIG.   3 — A   CUR\-E   OF    KILOWATTS   TAKEN    WITH    A   W.\TTMETER 
OF   THE   TYPE    SHOWN    IN    FIG.    I 

at  sub-stations,  and  in  some  cases  it  has  been  found" 
advisable  to  set  graphic  meters  at  various  points  of 
distribution,  either  in  a  box  on  a  pole,  or  near  a  con- 
sumer's meter.  A  comparison  of  station  and  service 
voltage  records  provides  valuable  data  for  determining 
line  drop  and  line  losses.  By  mounting  an  ammeter 
near  a  transformer  for  a  week  at  a  time,  a  continuous- 
record  may  be  obtained  of  the  transformer  load,  pro- 
viding valuable  indications  as  to  whether  the  trans- 
former is  overloaded  or  is  not  working  up  to  capacity. 
By  the  use  of  split  type  transformers  such  connections- 
can  be  made  without  disturbing  the  permanent  con- 
nections of  the  transformer. 

Customer's  Load  Curves — A  graphic  ammeter  or- 
wattmeter  provides  the  simplest  possible  means  for- 
obtaining  the  load  curve  of  the  plant  of  a  prospect  or 
customer,  from  which  the  maximum  demand,  load- 
factor  and  diversity  factor  of  the  connected  load  can 
be  quickly  determined  as  a  basis  for  rates.  For  inves- 
tigating the  power  conditions  in  a  factorj%  whether  by 
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a  central  station  solicitor,  with  a  view  toward  determ- 
ining whether  central  station  service  will  be  profitable, 
or  by  the  factory  management  for  the  purpose  of  de- 
termining the  ediciency  and  power  conditions  existing 


FIG.  4 — SWITCHBOARD  TVPE  GRAPHIC  RECORDING  VOLTMETER 

in  the  plant,  the  graphic  meter  is  invaluable.  The  distri- 
bution of  the  load  over  the  factory,  the  power  used  for 
machines,  the  character  of  the  load,  the  condition  of 


Central  station  operators  are  finding  that  the  uses 
of  the  graphic  meter  are  not  limited  to  investigations 
of  prospective  plants  but  during  recent  years  they  have 
come  into  extensive  use  in  settling  disputes  with  cus- 
tomers relative  to  power  bills.  The  records  often  dis- 
close to  the  customers  the  use  of  power  at  unexpected 
hours  and  such  uses  can  be  quickly  traced  when  their 
existence  is  disclosed.  For  instance,  a  graphic  record 
showed  to  one  power  user,  who  had  complained  of  ex- 
cessive bills,  that  large  quantities  of  power  were  used 
on  his  premises  every  hour  during  the  night.  Investi- 
gation showed  that  the  watchman  turned  on  many  of 
the  lights  of  a  large  installation  in  making  his  rounds ; 
the  excess  energy  thus  used  explaining  a  serious  dis- 
crepancy'. 

TYPES  OF  METERS 

There  are  several  general  types  of  graphic  record- 
ing meters  in  common  use,  their  relative  desirability 
being  determined  by  the  characteristics  of  the  service 
in  which  they  are  to  be  placed. 

Circular  Dial,  24  hour  type — This  type  of  instru- 
ment is,  in  general,  portable,  rugged  and  inexpensive. 
It  is  easily  understood  and  manipulated  and  is  quite  re- 
liable, but  as  at  present  constructed  is  usually  lacking 
in  accuracy  both  as  to  the  character  of  scale  and  as  to 
electrical  features ;  the  temperature,  wave  form  and 
frequency  errors  are  considerable  in  the  various  kinds 
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FIG.    S — ■LO.'VD  CURVE  BY  GRAPHIC   METER 

On  a  five  hp  induction  motor  operating  a  spinning  frame. 


the  cutting  tools,  the  time  to  complete  different  opera- 
tions, and  many  other  similar  determinations  can  be 
secured  by  inspection  of  graphic  meter  records.  Such 
records  also  show  with  what  promptness  the  employees 
start  to  work  in  the  morning  and  also  their  time  of 
shutting  down.  It  is  possible  to  show  just  how  much 
power  each  machine  takes,  how  long  it  is  in  use  each 
day,  and  the  cost  of  power  for  its  operation.  Thus 
they  tell  when  it  is  necessary  to  install  new  machines 
and  when,  by  suitable  changes,  further  machines  can 
be  made  to  do  the  required  work.  By  installing  the 
meter  in  the  foreman's  or  manager's  office,  the  records 
can  be  obtained  without  the  knowledge  of  the  work- 
men, and  at  the  same  time  furnish  exact  records  of  his 
operations.      Efficiency   experts    are   more   and   more 


tested  by  the  writer,  and  the  construction  is  such  as  to 
be  readily  affected  by  external  fields.  The  torque  of 
such  instruments  is  usually  low  so  that  the  friction 
of  the  pen  on  the  paper  introduces  an  appreciable 
error.  Despite  these  drawbacks,  however,  the  instru- 
ment is  useful  when  high  accuracy  is  not  essential, 
and  when  a  24  hour  chart  is  satisfactory. 

Continuous  Chart  Portable  Type — As  will  be 
noted  by  consideration  of  the  list  of  ordinary  uses  to 
which  graphic  meters  are  applied,  for  most  purposes  a 
chart  which  will  cover  several  days'  operation  con- 
tinuously without  attention  is  often  desirable.  This 
necessitates  a  chart  in  continuous  or  strip  form.  This 
type  of  instrument,  as  at  present  made,  is  usually  more 


studying  the  operations  of  machines  in  their  attem.pts  accurate  than  the  round  dial  type,  and  being  of  late 

to  increase  output,  and  in  such  studies  the  graphic  design,  temperature  and  self-heating  errors  and  errors 

meter   is   of   great   assistance.      Graphic   temperature  due  to  ordinary'  changes  of  frequency  have  been  made 

records  are  of  value  in  connection  with  the  operation  negligible.    The  meter  shown  in  Fig.  i  is  a  combined 

of  generating  or  transforming  apparatus.  switchboard  and  portable  form  and  consists  of  a  sole- 
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noid  and  core,  acting  directly  on  an  arm  that  carries 
the  recording  pen  and  a  continuous  strip  of  paper  is 
moved  uniformly  by  a  high  grade  eight  day,  key  wound 
clock  mechanism.  The  friction  of  the  pen  on  the 
paper  is  largely  overcome  by  making  the  solenoid  very 
powerful  in  its  action.     This  also  allows  the  control 


FIG.    6 — GRAPHIC   RECORDING    POWER-FACTOR    METER    WITH 
COVER  REMOVED 

of  the  movement  by  a  heavy  spring,  thus  reducing  the 
friction  error  to  about  one  percent  of  full  scale  value, 
which  also  minimizes  inaccuracies  due  to  slight  errors 
in  leveling.  The  energy  consumed  by  the  voltmeter, 
including  its  external  resistor,  is  50  watts.  The  energy 
consumed  by  the  ammeter  is  seven  watts  or  less,  thus 
permitting  its  use  with  ordinary  current  transformers. 
An  oil  dashpot  damps  the  action  of  the  pointer  on  fluc- 
tuation, but  the  meter  can  be  operated  on  fairly  steady 
loads  without  this.  The  pen  is  of  the  \'-point  type 
and  a  glass  ink  reservoir  which  will  hold  a  supply  of 
ink  for  two  weeks  of  ordinary  use  is  mounted  in  such 
a  way  that  a  very  thin  wick,  one  end  of  which  is  in 
the  reservoir  and  the  other  in  the  \'-shaped  pen,  v^'ill 
feed  the  ink  into  the  pen  by  capillar}'  action  as  used. 
The  record  paper  is  driven  by  a  metal  drum  with  pins 
that  engage  in  perforations  in  the  paper,  driven 
through  gearing  by  a  standard  eight  day  clock  mech- 
anism of  the  key-wound  type  with  balance  wheel  es- 
capement. 

Switchboard  or  very  accurate  types — In  order  to 
increase  the  accuracy  of  graphic  instruments  it  is  nec- 
essary to  separate  the  functions  of  the  measuring  ele- 
ment and  of  the  marking  device  for  the  reason  that  the 
friction  introduced  by  the  pen  on  the  paper  interferes 
to  a  certain  extent  with  the  accuracy.  This  cannot 
be  overcome  entirely  by  increasing  the  power  of  the 
meter  coils  owing  to  the  electrical  errors  thereby  in- 
troduced, especially  where  current  transformers  are 
used.  Moreover,  increased  accuracy  also  requires  a 
broader  and  more  legible  chart  which  would  still  fur- 
ther increase  the  work  recjuired  of  the  meter  element. 


Some  of  the  schemes  which  have  been  utilizd  for  over- 
coming this  difficulty  are  as  follows: — 

I — Making  a  continuous  photographic  record  of  the 
position  of  the  pointer  or  of  the  movement  as  in  oscillo- 
graphs. 

2 — .Mlowing  the  pen  arm  and  the  pen  to  swing  slight- 
ly above  the  paper  and  causing  it  to  make  a  dot  at  fixed 
intervals  by  means  of  an  electro-magnet. 

3— Causing  a  high  tension  discharge  or  spark  to  pass 
from  the  pointer  through  the  paper,  thus  leaving  a  mark 
or  a  perforation  at  regular  intervals. 

4 — The  relay  type,  in  which  the  meter  element  serves 
only  to  make  and  break  a  contact,  which  in  turn  controls 
separate  solenoids  or  motors  which  deflect  the  pen. 

The  first  three  schemes  are  of  relatively  little  im- 
portance for  commercial  graphic  meters  and  conse- 
quently scheme  4  only  will  be  considered  here.  The 
relay  type  of  construction,  both  in  this  country  and 
abroad,  appears  to  have  solved  the  problem  in  a  very 
satisfactory  manner.  The  principle  of  operation  is 
simple.  The  meter  is  separated  into  two  inter-depend- 
ent elements,  viz.,  the  meter  element  or  measuring 
coils  and  the  motor  element  or  pen  actuating  de\  ice. 
These  elements  are  connected  by  the  control  spring 
of  the  meter.  As  the  function  of  the  meter  element 
is  limited  to  making  and  breaking  contacts,  which 
control  the  pen  actuating  element,  the  meter  element 
need  not  have  any  greater  torque  than  that  of  an  indi- 
cating meter  and  should  not  take  any  more  energy ;  it 


FIG.    7 — TOTALIZING    METER    FOR    INTEGRATI.VG    THE    POWER    READ- 
ING  OF   SEVERAL   NON-SY.NCHROXOUS   CIRCUITS 

can,  moreover,  be  made  as  accurate  electrically  as  any 
given  indicating  meter. 

In  the  form  most  familiar  to  the  writer,  meas- 
uring coils  of  ammeters,  voltmeters,  frequency  meters 
and  wattmeters  are  astatically  arranged  on  the  prin- 
ciple of  the  Kelvin    balance.     Each    moving    coil  is 
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placed  between  two  fixed  coils,  and  the  indications  de- 
pend on  the  torque  between  them,  the  coils  being  al- 
ways in  the  same  relative  position.  This  zero  reading 
priiici|)le  makes  the  calibration  permanent  and  renders 
the  readings  free  from  the  effects  of  variation  in  wave 
form,  frequency  or  power-factor.  Temperature,  self- 
heating,  external  fields,  unbalance  of  system  and  power 
factor  do  not  effect  the  indications,  the  meters  being 
similar  to  precision  instruments.  Because  of  the  fact 
that  the  operation  is  on  the  Kelvin  balance  principle, 
the  calibration  may  be  checked  up  and  corrected  in  a 
very  short  time  by  means  of  a  "self-calibrating 
weight,"  which  makes  it  unnecessary  to  check  the 
readings  with  a  standard  meter.  This  weight  is  ad- 
justed in  the  factory  to  be  such  as  to  cause  the  pen 
to  travel  to  a  fixed  point  on  the  scale  w-hen  no  current 
is  flowing  through  the  measuring  coils ;  it  thus  is  equal 
to  the  "torque"  of  the  meter. 

On  the  other  hand  the  p^  actuating  or  motor  ele- 


ment derives  its  power  from  a  separate  source  and 
can  have  as  much  torque  as  is  necessary  to  control  the 
pen  properly.  The  chart  may  be  made  as  broad  as 
desirable  and  in  this  way  an  instrument  of  high  ac- 
curacy is  attainable.  The  paper  feeding  roll  is  turned 
by  a  high-grade  self-winding  pendulum  type  clock 
which  can  be  provided  with  a  synchronizing  attach- 
ment for  connection  to  the  Western  Union  time  serv- 
ice wires,  or  to  a  synchronizing  master  clock. 

By  means  of  several  meter  elements  all  actuating 
a  single  set  of  contacts  a  totalizing  meter  can  be  made 
which  will  integrate  the  power  in  several  non-syn- 
chronously  operated  circuits.  Relay  type  meters  are 
made  by  but  few  manufacturers  owing  to  the  great 
amount  of  research,  development  and  skill  required 
in  designing  and  constructing  their  contacts  and  cir- 
cuits. They  require  more  intelligent  manipulation 
than  direct  acting  meters,  but  are  used  almost  exclu- 
sively where  high  quality  records  are  essential. 


Portable  Indicating  Meters  for  Central 

Station  Service 


H.  B. 

PORTABLE  METERS  often  are  selected  for  use 
in  making  certain  specific  tests,  and  need  not 
be  adaptable  to  other  work.  In  that  case  the 
decision  as  to  what  type  and  capacity  of  meter  to  use 
is  not  difficult  to  reach.  Equipments  of  this  sort  usu- 
ally grow.  Unless  a  general  plan  providing  for  this 
growth  is  worked  out  in  advance  a  number  of  differ- 
ent kinds  and  dift'erent  capacities  of  meters  may  ac- 
cumulate, and  still  there  will  be  occasions  when  no 
suitable  equipment  for  a  necessar\'  test  is  available. 

Central  stations  supplying  direct  current  alone 
or  alternating  current  alone  for  distribution  under 
conditions  that  do  not  demand  a  variety  of  tests  may 
.employ  only  one  type  of  portable  indicating  meter, 
wound  for  different  kinds  of  measurements  and  for 
dift'erent  capacities.  Generally,  on  systems  supplying 
different  kinds  of  current,  or  wherever  tests  of  vari- 
ous kinds  and  requiring  different  degrees  of  accuracy 
are  to  be  made,  there  will  be  an  advantage  in  having 
meters  not  only  of  different  ratings  but  of  several 
entirely  dift'erent  types  on  hand. 

It  may  be  stated  without  question  that  any 
distinct  tj'pe  of  meter  construction  which  has  stood 
the  test  of  service  well  enough  to  have  any  commercial 
standing  at  this  period  of  electrical  development  must 
have  some  feature  in  which  it  excels.  This  feature 
may  be  accuracy  under  normal  conditions,  accuracy 
under  abnormal  conditions  or  in  certain  restricted 
kinds  of  measurements,  ruggedness,  light  weight,  low 
cost,  legibility  or  any  one  of  a  number  of  other  char- 
acteristics. A  meter  measuring  up  fairly  well  to  a 
majority  of  these  requirements,  though  not  necessarily 


Taylor 
reaching  the  limit  attained  by  some  other  meter  in  any 
one  particular,  will  have  a  very  wide  range  of  useful- 
ness. Every  designer  of  electrical  measuring  instru- 
ments would  like  to  produce  a  meter  possessing  all 
of  the  desirable  features  in  the  highest  degree,  but 
the  various  requirements  in  many  cases  dictate  struc- 
tural details  of  entirely  opposite  kinds.  The  best  that 
can  be  done  is  to  make  a  compromise,  giving  prefer- 
ence to  such  features  as  are  most  important  for  the 
service  in  view. 

Commercial  types  of  construction  of  indicating 
meters,  as  often  enumerated,  are: — the  D'Arsonval 
type,  for  direct  current  only;  the  induction  type,  for 
alternating  current  only;  the  dynamometer  type,  for 
use  interchangeably  on  either  alternating  current  or 
direct  current ;  and  the  magnetic  vane  type,  which  can 
be  used  either  on  direct  current  or  on  alternating  cur- 
rent, though  usually  they  are  not  interchangeable  in 
that  respect. 

D'Arsonval  type  meters  are  those  in  which  the 
magnetic  field  acting  upon  the  movable  element  is 
maintained  by  a  permanent  magnet.  Induction  type 
meters  operate  on  the  same  fundamental  principle  as 
induction  motors.  Dynamometer  type  meters  contain 
jno  iron  in  their  magnetic  circuits,  and  operate  by 
mutual  attraction  or  repulsion  of  fields  set  up  by  cur- 
rents in  movable  and  stationan,'  coils.  Magnetic  vane 
types  of  meter  have  moving  elements  consisting  of 
small  soft  iron  armatures  pivoted  to  move  under  the 
Influence  of  currents  in  stationary  coils. 

The  merits  and  demerits  of  the  several  types  have 
been  discussed  to  a  considerable  extent,  so  that  they 
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are  quite  generally  understood.  No  one  questions  the 
superiority  of  the  D'Arsonval  type  for  direct-current 
ammeters  and  voltmeters,  nor  the  dynamometer  type 


FIG.    I — d'arsiinv.m.   Tvri:    Mii.i.iVdi.i  mi.ii  k    hf    si.ni.i.k    air-gap, 

DOUIiLE    .MAGNET    CO-NSTKUCTION 

for  alternating  current  standard  and  portable  voltme- 
ters and  wattmeters.  In  any  type  and  for  any  serv- 
ice, ruggedness,  and  hence  reliability,  is  a  highly  im- 
portant consideration.  The  tendency  is  to  accentuate 
this  feature  as  the  art  advances.  Fragile  meters  in 
portable  form  should  be  used  only  on  those  rare  oc- 
casions when  the  nature  of  the  measurement  to  be 
made  is  such  that  there  is  no  alternative.  For  the 
measurements  of  current,  voltage,  power  and  similar 
work  on  lighting  and  power  circuits,  substantial  me- 
ters, which  are  superior  in  every  respect  to  the  delicate 
apparatus  of  earlier  days,  can  readily  be  obtained  to- 
day. 

While  it  is  not  advisable  to  depend  too  much  on 
a  single  type  of  meter,  there  is  much  to  be  gained  by 
standardizing  the  equipment  with  a  view  to  making 
all  apparatus  for  a  given  kind  of  service  nearly  alike 
when  this  can  be  done  without  sacrificing  efficiency. 
A  step  in  this  direction  which  promotes  rather  than 
sacrifices  efficiency  'S  to  standardize  capacities  of  in- 


FtG.  2 — d'aRSONVAL  TYPE  AMMETER  AND  VOLTMETER  OF  THE 
DOUBLE  AIR-GAP,  SINGLE-MAGNET  CONSTRUCTION.  MOUNTED 
IN  ONE  CASE 

struments  of  a  given  type,  making  them  interchange- 
able for  use  with  auxiliary  devices  such  as  shunts  and 
transformers  of  various  capacities.     This  plan  is  ap- 


plicable to  a  complete  equipment  of  meters.  Direct- 
voltmeters  of  the  D'Arsonval  type  are  an  ex- 
ception to  the  rule,  as  they  can  readily  be  made  self- 
contained  to  cover  a  very  wide  range,  but  even  these, 
when  intended  for  use  at  pressures  above  750  volts, 
should  have  external  multipliers.  Also  the  work  of 
checking  their  calibrations  can  be  simplified  by  having 
one  terminal  provided  on  every  portable  direct 
voltmeter  for  a  certain  full-scale  voltage  which  should 
be  alike  for  all.  Fifteen  volts  is  a  convenient  range 
for  this  purpose  if  the  equipment  includes  some  low- 
reading  and  some  high-reading  meters. 

There  is  some  objection  to  providing  a  15  volt 
scale  on  meters  for  use  at  higher  voltages  on  account 
of  the  danger  of  burning  out  the  coils  through  care- 
lessness in  making  connections.  This  objection  can 
be  overcome  by  making  it  a  rule  in  the  laboratory  to 
seal  the  15  volt  terminal  after  checking  calibration,  if 
it  is  not  to  be  used.  Direct-current  ammeters  with 
internal  shunts,  except  those  having  very  low  current 
ratings,  are  less  accurate  than  the  ones  having  sep- 
arate shunts,  on  account  of  the  varying  temperature 


FIG.    3 — INDUCTION    TVPE    AM. METER    MOVEMENT 

caused  by  the  energj'  losses  in  the  shunt.  They  are 
limited  to  one  or  two  full  scale  ranges  and  cannot 
readily  be  recalibrated  except  by  comparison  with  a 
standard  of  corresponding  capacity  and  on  a  circuit 
where  the  load  can  be  adjusted  to  exact  values  from 
full  load  down.  Millivoltmeters,  all  adjusted  to  equal 
scale  range  and  used  with  separate  interchangeable 
shunts,  afford  the  most  flexible  arrangement  for  meas- 
uring direct  current.  If  the  shunts  are  compact  and 
substantial  the  outfit,  consisting  of  millivoltmeter, 
shunt  and  flexible  leads,  is  more  convenient  to  use 
than  a  self-contained  meter  because  the  shunt  can  be 
inserted  in  the  most  accessible  part  of  the  circuit,  per- 
haps on  a  wall  or  under  a  machine.  Only  the  small 
leads,  always  with  the  meter,  connect  it  to  the  circuit 
where  it  would  be  necessary  to  provide  heavier  wire 
or  cable  connections  for  a  self-contained  ammeter. 
Four  or  five  shunts  can  be  placed  in  a  small  carr>'ing 
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case.  This  makes  a  desirable  arrangement  for  outside 
work,  tlie  one  millivoltmeter  and  five  shunts  compar- 
ing in  weight  and  size  with  two  meters  while  they  com- 
pare in  scale  range  with  five  meters. 

Scale  marking  must  be  considered  when  selecting 
a    set   of   portable  shunts.     Scales  having  single  sets 


FIG.    4 — DYNAMOMETER    TYPE    ZERO    READING    W.\TTMETER 

of  divisions  and  single  sets  of  numbers  are  easiest 
to  read.  Single  sets  of  divisions  and  two  or  even 
three  sets  of  numbers  opposite  the  main  divisions  make 
a  good  combination.  Double  scales,  in  which  there 
are  two  sets  of  scale  divisions,  are  objectionable.  A 
scale  marked  to  read  from  o  to  lOO  can  always  be 
read  in  terms  of  percent  of  full  load.  Where  it  is  on 
a  loo-mil'ivolt  meter  it  also  reads  millivolts  direct  and 
is  practically  direct-reading  in  amperes  when  used  with 
r,  lo,  too  or  i  ooo  ampere  shunts  which  give  loo 
millivolts  drop  at  full  load.  A  loo  division  scale 
having  lo  main  divisions  is  easily  read  when  numbered 
o  to  20  or  o  to  500.  Shunts  having  capacities  10,  20, 
50  amperes  or  multiples  of  these  capacities  can  be  used 
in  connection  with  a  millivoltmeter  having  such  a 
scale,  to  give  readings  in  amperes  direct.  On  the  other 
hand,  a  shunt  rated  at  300  amperes  or  a  similar  rating 
giving  odd  values,  such  as  three,  six  or  seven  amperes 
per  division,  would  not  permit  direct  reading  of  scale. 
J  Before  selecting  a  shunt  for  use  in  connection 
with  a  given  millivoltmeter,  it  is  worth  while  to  con- 
sider exactly  what  each  scale  division  and  especially 
what  the  fractions  of  divisions  will  mean  in  amperes, 
and  how  the  main  division  numbering  applies.  Where 
a  millivoltmeter  will  be  used  with  a  shunt  of  a  certain 
capacity  most  of  the  time,  it  is  convenient  to  have  the 
scale  marked  in  amperes.  Any  capacity  necessarj-  for 
the  most  complete  equipment  can  be  provided  for  in 
two  standard  scale  markings,  one  having  100  divisions 
and  the  other  150  divisions  total. 

Alternating-current  meters  can  be  standardized 
in  capacity  to  still  better  advantage  than  direct-current 
meters,  current  transformers  taking  the  place  of 
shunts.  Either  voltage  transformers  or  multipliers 
can  be  used  in  the  potential  circuits.  In  altemating- 
current  testing,  more  meters  are  used  than  in  direct- 
current  tests.  Since  several  different  kinds  of  meters 
can  operate  from  one  set  of  transformers  die  propor- 
tion of  auxiliary  apparatus  actually  used  is  small  com- 
pared with  what  it  seems  when  considering  a  single 
meter.     Transformers  having  several  current  ranges 


can  be  obtained,  thus  making  the  transformer  and  one 
meter  equivalent  in  scale  range  to  four  or  more  meters 
wound  for  dift'erent  capacities.  Multiple-capacity  cur- 
rent windings  in  ammeters  and  wattmeters  help  ma- 
terially in  providing  good  ranges  for  small  work  while 
at  the  same  time  keeping  them  available  for  operating 
from  the  secondaries  of  transformers.  With  current 
transformers  all  rated  at  five  amperes  secondary,  and 
current  coils  of  meters  arranged  for  series-multiple 
connection,  some  of  the  current  coils  can  be  rated  at 
2.5  and  5  amperes  and  others  at  5  and  10  amperes. 
The  10  ampere  connection  of  coils  is  useful  not  only 
when  the  meter  is  directly  in  circuit,  but  also  in  meas- 
uring temporarj'  loads  beyond  the  rating  of  the  trans- 
former. Unfortunately  the  2.5  ampere  connection 
cannot  be  used  for  increasing  the  legibility  of  readings 
when  the  secondarj-  current  is  below  2.5  amperes,  be- 
cause this  would  affect  the  accuracy  of  the  trans- 
former. 

It  is  not  a  good  plan  to  complicate  a  meter  by 
putting  unnecessary  terminals  on  it,  but  all  voltmeters 
and  all  of  the  voltage  circuits  of  wattmeters  can  have 
one  terminal  for  no  volts  normal,  to  be  used  with  or 
without  transformer  and  another  for,  say,  55  volts 
or  220  volts  normal. 

]\Iultipliers,  consisting  of  non-inductive  resistors 
for  connecting  in  series  with  the  voltage  windings 
can  be  used  instead  of  voltage  transformers,  but  their 
field  of  usefulness  is  limited.  For  ordinary  testing. 
the  transformer  is  preferable.  First,  it  is  safer;  also, 
two  or  more  meters  can  be  supplied  from  it  at  the 
same  time  without  appreciably  changing  its  ratio.  It 
is  absolutely  interchangeable  between  meters  of  dif- 
ferent kinds,  such  as  voltmeters,  wattmeters  and  fre- 
quency meters.  At  any  voltage  above  300,  the  greater 
safety  in  taking  readings  and  handling  the  meter  on 
the  secondary  of  the  transformer  as  compared  with  any 
arrangement  bringing  line  voltage  to  the  meter  is  suf- 
ficient to  justify  the  use  of  the  transformer  if  it  is 


FIG.    5 — KELVIN    B.VLANCE    TYPE    ZERO   READING    PRECISION 
WATTMETER 

applicable.  Of  course,  the  multiplier  is  the  only  device 
'that  will  answer  the  purpose  on  direct  current.  In 
the  laborator}-,  the  multiplier  is  to  be  preferred  for 
measurements  at  odd  voltage  or  frequency  on  account 
of  its  more  dependable  accuracy.  Outside  the  labora- 
tory', at    normal    voltage    and    frequency,  there  is  no 


376 


THE  ELECTRIC  JOURNAL 


more  reliable  electrical  device  than  the  transformer, 
because  there  is  nothing  that  will  stand  more  abuse. 
Shunts  for  direct-current  ammeters  are  in  the  same 
class  in  that  respect,  if  properly  designed.  That  is 
why  a  meter  equipment  arranged  on  the  plan  outlined 
herein  results  in  lesser  burdens  for  the  metermen  on 
outside  work  to  carry  around.  They  can  entrust  the 
shunts  and  transformers  to  any  kind  of  reckless  help 
without  serious  risk  of  causing  errors  in  calibration. 

Mechanical  considerations  favor  the  use  of  low- 
capacity  meters.  Heavy  conductors  and  the  arrange- 
ments necessary  for  connecting  them,  internally  and 
externally,  are  inconsistent  with  the  requirements  for 
highest  accuracy.  Within  the  laboratory,  the  extra 
time  and  equipment  required  in  maintaining  meters 
of  odd  capacities  may  more  than  offset  any  saving  in 
time  through  the  use  of  direct  connected  meters. 
When  interchangeable  meters  are  used,  any  inaccuracy 
in  one  of  them  will  be  detected  sooner  than  it  would 
if  comparison  between  meters  in  service  were  less 
direct. 

Calibration  expenses  can  be  reduced  to  a  mini- 
mum by  reducing  the  equipment  and  the  time  spent 
in  that  class  of  work  to  a  minimum.  Secondary  stan- 
dards consisting  of  five  indicating  meters  with  one  set 
of  auxiliary  apparatus  would  constitute  a  complete 
outfiit.  By  using  one  voltmeter  as  standard  for  both 
alternating  current  and  direct  current,  the  numbei 
could  be  reduced  to  four.  The  five  meters  mentioned 
are: — 

I   D'Arsonval   type   millivoltmeter,   large   size,    with   high 

torque  and  long  scale,  loo  millivolts  range. 
I   D'Arsnnval   type   voltmeter,    of    same    design   as   milli- 
voltmeter, 15  and  ISO  volt  range. 
I  Dynamometer    type    ammeter,    2.5    and    5    amperes 

range. 
I  Dynamometer  type  voltmeter,  150  volts  range. 
1   Dynamometer  type  wattmeter  5  amperes,  150  volts 

range. 
The  dynamometer  type  meters  should  be  designed 
for  high  torque  and  have  long  scales,  especially  suited 
to  calibration  work. 


In  addition  to  the  indicating  meters,  there  should 
be  a  good  Wheatstone  bridge  available  for  testing  the 
voltage  windings  of  meters.  A  potentiometer  and  a 
few  standard  resistances  comparable  to  the  ammeter 
shunts  could  be  used  as  primary  standards.  Potentio- 
meters cannot  be  operated  as  quickly  as  indicating 
meters  and  they  require  very  steady  current.  Current 
for  the  potentiometer  and  for  the  millivoltmeter  or 
15  volt  scale  of  the  voltmeter  can  be  taken  from  a 
primary  battery  or  a  small  storage  battery. 

A  range  of  15  volts  is  suggested  because  the  very 
low  voltage  ranges  introduce  temperature  errors  due 
to  the  relatively  large  proportion  of  copper  in  the 
windings.  Windings  for  15  volts  or  over  in  direct- 
current  voltmeters  have  so  little  copper  in  them  that 
their  changes  of  resistance  within  the  working  range  of 
temperature  are  negligible.  Having  calibrated  the  15 
volt  scale,  the  150  volt  scale  can  be  made  to  corre- 
spond or  the  percentage  correction  on  it  can  be  de- 
termined by  measuring  the  resistance  of  each  winding 
with  the  bridge.  The  same  procedure  can  be  followed 
in  calibrating  all  of  the  voltmeters  and  wattmeters. 
If  they  are  compared  with  the  standard  at  one  voltage 
they  can  be  calibrated  for  any  other  voltage  range 
by  means  of  the  bridge. 

The  dynamometer  type  of  construction  is  not  suit- 
able for  portable  ammeters  on  account  of  the  diffi- 
culty in  making  connections  to  the  movable  coil  which 
will  carry  the  full  load  current  and  at  the  same  time 
be  flexible  enough  to  allow  free  movement  of  the  coil. 
Standard  meters  can  be  made  larger  than  portables, 
and  can  have  other  features  which  are  not  acceptable 
in  meters  for  general  testing.  This  simplifies  the 
question  of  connections  to  movable  coils.  The  dyna- 
mometer type  standard  ammeter,  calibrated  on  direct 
current  by  means  of  a  potentiometer  and  standard  re- 
sistors can  be  used  on  alternating  current  for  cali- 
brating ammeters  of  other  types. 


Mercury  Arc  Rectifiers  for  Operating  Moving 

Picture  Arcs 


H.  M. 

THE  BUSINESS  of  exhibiting  motion  pictures 
ncnt  basis.     The  theatres  that  are  now  being  erected 
stant   tendency    to    improve    all    equipment   connected 
projection  is  passing,  as  better  results  are  demanded 
Standard   equipment   to   meet   with   any   or   all   condi 
velopmcnt.     The  present  article  describes  a  type  of 

THERE  ARE  approximately  18000  moving  pic- 
ture theaters  in  the  United  States,  and  prob- 
ably at  least  three-fifths  of  these  have  only 
alternating  current  available.  Therefore,  as  the  very 
foundation  stone  of  the  moving  picture  business  is 
light,  it  is  unfortunate  that  in  moving  picture  work 
alternating  current  does  not  give  as  good  a  light 


WlBLE 

is  now  rapidly  settling  dozen  to  a  solid  and  perma- 
are  better  adapted  to  projection  and  there  ts  a  eon- 

with  the  business.  The  day  of  slwdowy,  jumpy 
by  the  public  and  that  demand  must  be  reckoned  with, 
twns  in  the  field  is  logically  the  next  step  in  the  de- 
apparatus  designed  with  this  idea  in  viezv. 

from  the  arc  lamp  as  direct  current.  A  direct-cur- 
rent arc  is  also  much  easier  to  operate  for  several 
reasons.  First,  the  light  comes  from  a  concentrated 
point  at  the  end  of  the  electrode,  as  shown  in  Fig. 
I,  instead  of  from  the  arc  flame,  as  in  alternating 
current.  This  concentrated  source  is  more  efficiently 
utilized  by  the  lens  and,  as  the  arc  does  not  waver 
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and  shift  in  position  like  a  flame,  focusing  is  made 
much  easier  and  requires  less  attention.  Also,  a 
greater  arc  length  can  be  used  which  makes  adjust- 
ment less  delicate,  as  small  changes  of  arc  length 
cause  less  effect.    There  is  not  the  danger  that  the 


FIG.    I — DIAGRAM    SHOWING   THE   POINT    SOURCE   OF   LIGHT   IN'    THf, 
DIRECT-CURRENT    ARC 

body  of  the  electrode  will  shut  off  the  light,  as  often 
happens  with  an  alternating-current  arc  because  of 
its  short  length  and  flickering  flame.  The  data  con- 
tained in  Figs.  2  and  3  was  taken  under  conditions  such 
as  will  be  found  to  exist  in  moving  picture  theaters ; 
i.  e.,  the  lamp  was  enclosed  in  a  lamp  housing;  the 
light  was  directed  through  lenses  on  to  a  screen  at 
an  arbitrarj-  distance  of  the  order  of  the  throw  com- 
monly used;  and  the  lens  focused  to  give  a  clear 
picture  on  the  screen.  The  pictures  that  were  ob- 
tained were  comparable  in  size  to  those  shown  in 
average  moving  picture  theaters.  The  photometer 
readings  were  taken  at  the  point  where  the  screen 
had  been  placed  for  getting  the  focus.  The  values 
labeled  "illumination"  indicated  by  the  curves  are 
not  candle-power  of  the  arc  but  are  values  propor- 
tional to  the  intensity  of  light  at  the  screen.  The 
constant  of  proportionality  is  the  same  for  both 
curves.  These  curves  cannot  be  used  to  obtain  ab- 
solute values  but  can  be  depended  on  as  compara- 
tive tests  between  alternating  current  and  direct 
current  for  moving  picture  work. 


/ 

/ 

/ 

4 

/ 

f 

/ 

J 

3 

/ 

r 

a 

/ 

/ 

' 

/ 

— «uo 

^ 

i^ 

JS 

A 

III 

s — 

' 

! 

FIG.  2— COMPARATIVE  ILLU.MINATION  OF  RECTIFIED  AND  ALTERNAT- 
ING-CURRENT  ARCS   BASED  ON    THE   CURRENT   REQUIRED 

Since  the  direct-current  arc  is  so  greath-  supe- 
rior to  that  obtained  with  alternating  current,  many 
operators  are  making  use  of  mercury  arc  rectifiers 


which  have  been  designed  for  furnishing  direct  cur- 
rent to  moving  picture  arc  lamps,  the  power  being 
taken  from  an  alternating-current  source.  The  or- 
dinary outfits  are  manufactured  in  30,  40  and  50 
ampere  sizes  ,the  design  characteristics  and  general 
appearance  being  the  same.  All  direct-current  mov- 
ing picture  arcs  are  of  about  the  same  voltage  (55), 
and  the  operator  usually  requires  all  the  current  the 
outfits  will  give,  especially  when  showing  colored 
moving  pictures ;  therefore,  it  should  have  the  sim- 
plest possible  method  of  control. 

Each  outfit  consists  of  a  cast  iron  main  frame 
on  which  are  mounted  an  auto-transformer,  a  re- 
actance coil,  a  tilting  mechanism,  a  five  point  dial 
switch,  a  bulb  and  a  bulb  holder,  all  enclosed  in  a 
perforated  sheet  steel  cover.    The  auto-transformer 
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FIG.   3 — COMPARISON    OF    ILLUMINATION    FROM    RECTIFIED   AND 
ALTERNATING-CURRENT    ARCS    ON     A    POWPR    CONSUMI-Tin?: 

BASIS 

with  a  large  reactance  coil  in  the  primary  circuit 
serves  to  give  stability  to  the  arc  and  to  limit  the 
short-circuit  current  (when  the  arc  carbons  are 
brought  together  in  starting),  to  a  value  not  ex- 
ceeding 50  percent  of  the  normal  rating  of  the  bulb 
for  continuous  operation.  Four  different  primary 
connections  are  provided  to  take  account  of  such 
variations  of  line  voltage  from  normal  as  may  rea- 
sonably be  expected.  Each  outfit  is  provided  with 
an  automatic  tilting  device,  so  connected  that  the 
closing  of  the  arc  carbon  circuit  causes  it  to  tilt. 
This  feature  makes  it  unnecessary-  for  the  operator  to 
leave  his  position  in  order  to  start  the  outfit  and  unnec- 
essary to  install  the  outfit  in  the  booth.  A  tilting  outfit 
capable  of  continuous  operation  is  not  used,  as  the  bulb 
is  not  subjected  to  long  periods  of  tilting.  A  tilting 
transformer  is  not  used,  as  in  the  case  of  batterj' 
charging  outfits,  but  a  tilting  magnet  is  so  wound  that 
it  in  itself  performs  the  function  of  both  transformer 
and  magnet.  It  may  sometimes  occur  that  the  bulb 
is  not  in  operating  condition,  and  as  it  is  important.' 
in  moving  picture  business,  that  the  show  be  a  con- 
tinuous performance,  there  is  incorporated  in  these 
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outfits  means  whereby  connecting  links,  as  indica- 
ted in  Fig.  4  and  Fig.  6,  make  possible  the  operation  of 
the  outfit  as  an  economy  coil  to  provide  an  alternating- 
current  arc,  and  by  means  of  the  dial  switch  (Fig. 
4)  the  current  can  be  varied  to  the  desired  value. 

There  is  considerable  diiiference  in  opinion  as 
to  the  amount  of  direct  current  that  should  be  used 


IK.S.     4     AMI     5 — KF.CTIFIER    OUTFITS    WITH     COVERS    REMOVED 

The  view  on  the   right  shows  rectifier  in  operation. 

under  various  conditions.  However,  it  is  the  con- 
sensus of  opinion  that  within  reasonable  limits,  at 
least  up  to  150  feet,  added  length  of  the  throw  has 
little  or  nothing  to  do  with  additional  current.  As 
brilliant  a  picture  can  be  projected  with  30  amperes 
direct  current  at  100  feet  as  at  50,  provided  the  size 
be  the  same  in  each  case,  the  only  difference  being 
in  the  focus  of  the  projecting  lenses.  There  is  prac- 
tically no  loss  of  light  in  traversing  the  air  for  dis- 
tances ordinarily  used  for  projection.  Therefore,  30 
amperes  direct  current  is  satisfactory  for  ordinary 
conditions;  40  amperes  direct  current  will  perhaps 
be  required  when  there  is  an  extra  thickness  of  the 
film  or  there  is  considerable  light  in  the  theater,  and 
50  amperes  direct  current  is  generally  used  for 
showing  colored  moving  pictures. 

Operators  claim  that  means  whereby  the  cur- 
rent of  the  arc  can  be  quickly  varied  between  films 
is  now  an  essential  feature  in  the  moving  picture 
work,  especially  in  cases  of  spot  light  and  adver- 
tising matter  where  perhaps  15  or  20  amperes  direct 
current  is  sufficient.  This  condition  is  met  by  an 
outfit  such  as  shown  in  Figs.  4  and  5  whereby  the  cur- 
rent at  the  ar  is  varied  by  the  means  of  a  dial  switch 
controlling  taps  on  the  reactance  coil.  This  device 
permits  a  quick  change  in  current  without  loss  of 
efficiency,  as  the  change  is  made  by  a  reactance 
coil  in  the  primary  circuit. 

From  the  diagram  of  connections  shown  in  Fig. 
6,  it  will  be  seen  that  the  alternating  current  enters 
at  C,  passes  through  some  portion  of  the  reactance 
coil,  as  determined  by  the  dial  switch,  then  to  the 
link  connector  and  into  either  tap  5  or  6  of  the  trans- 
former, then  leaves  the  transformer  at  either  tap 
^  or  ?  and  back  to  the  line  at  A. 


In  the  direct-current  circuit  the  current  leaves 
at  7  or  /  of  the  transformer,  flows  through  one  side 
of  the  bulb  to  the  lower  terminal,  then  through  the 
relay  coil  to  the  +  terminal,  through  the  arc  lamp 
to  the  —  terminal  and  back  to  ./  of  the  transformer. 
The  relay  serves  to  open  the  tilting  circuit  while  the 
arc  is  in  operation. 

In  the  past  there  has  been  one  objection  to  a 
mercury  arc  rectifier  for  moving  picture  work, 
namely,  that  the  natural  end  of  life  of  the  bulb  may 
come  during  a  performance  of  the  show  and,  unless 
the  operator  has  a  spare  bulb  on  hand,  the  outfit 
would  be  entirely  out  of  commission  and  a  compli- 
cated condition  arise.  This  objection  is  now  en- 
tireh-  overcome  in  the  design  of  the  new  outfit,  as 
it  can  be  operated  as  an  econom}-  coil  to  provide 
an  alternating  current  by  transferring  a  link  con- 
nector from  one  terminal  to  another,  as  shown  in 
the  diagram.  When  the  outfit  is  used  as  an  econ- 
omy coil  the  primary  circuit  is  exactly  the  same  as 
before,  but  the  arc  is  connected  across  the  center 
point  4  and  to  a  special  tap  ^A  of  the  transformer. 
This  connection  cuts  the  bulb  out  of  the  circuit  but 
leaves  the  side  leads  of  the  bulb  connected  as  be- 
fore, i.  e.,  alive.  The  alternating-current  arc  con- 
nections are  so  proportioned  as  to  give  a  60  to  70 
ampere  arc  with  the  dial  switch  on  the  high  point, 
which  is  about  the  limit  in  current  with  moving  pic- 
ture machines  now  in  common  use.  This  gives  light 
somewhat  inferior  to  that  with  the  direct-current 
connection,  but  serves  in  case  of  emergency  to  keep 
the  machine  going. 

Thus  the  mercury  arc  rectifier  makes  possible 
for  projection  work  the  use  of  a  direct-current  arc,  the 
ideal  for  moving  picture  work,  in  territon,-  where  alter- 
nating current  only  is  available,  which  has  the  distinct 


FIG.  6 — DIAGRAM   OF  CONNECTIONS  OF  COMPLETE  RECTIFIER  OUTFIT 

advantage  that  it  does  not  produce  the  flickering  light, 
so  trying  on  the  eyes,  which  is  obtained  from  an  alter- 
nating-current arc.  Also,  for  the  same  amount  of 
power  input  to  a  rectifier  for  a  direct-current  arc  and 
to  an  economy  coil  for  an  alternating-current  arc,  the 
direct-current  arc  gives  about  35  to  40  percent  greater 
intensity  of  light  on  the  screen. 
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It  is  the   fate  of  many   familiar   de- 
Bearings,      vices  to  be  taken  for  granted,  and  the 
Lubrication    history    of    shaft    bearings    confirms 
and  Alloys     this    observation.      Few    devices    so 
simple  in  structure    and,    apparently, 
so  simple  in  operation,  are  actually  so  complex  and 
so  diflicult  to  investigate  and  explain.     It  is  not  sur- 
prising, therefore,  that  under  such  conditions  of  ap- 
parent simplicity  and   actual   complexity,  the   funda- 
mentals of  the  theory  of  bearings  were  unknown  for 
centuries  after  bearings  were  in  use  and  for  a  hun- 
dred years  after  the  advent  of  steam  power  gave  such 
a  strong  impetus  to  machine  construction. 

The  articles  in  this  issue  of  the  Journal  by  Mr. 
Foot  on  bearing  design  and  lubrication,  and  by  Mr. 
Johnson  on  bearing  alloys  cover  an  interesting  and 
long-neglected  field,  and  are  well  worth  careful  read- 
ing by  all  engineers  concerned  with  the  design,  opera- 
tion or  maintenance  of  bearings.  While  the  interest- 
ing resume  of  the  history  of  bearings  and  of  the  de- 
sign of  bearings  from  the  standpoint  of  lubrication 
given  by  Mr.  Foot  is  of  general  interest,  the  detailed 
instructions  for  handling  babbitt  and  for  babbitting 
bearings  given  by  Mr.  Johnson  should  be  of  particu- 
lar value  to  the  operating  engineer. 

The  importance  of  maintaining  uniform,  correct 
temperature  in  molten  lead,-base  bearing  alloys  was  dis- 
covered only  after  numerous  troubles  were  exper- 
ienced with  such  alloys  in  service.  These  troubles 
were  thought  to  be  due  to  the  inherent  properties  of 
the  alloy,  and  this  opinion  resulted  in  a  strong  preju- 
dice against  this  class  of  bearing  alloys.  Experience 
has  shown  however  that  with  proper  handling  in 
manufacture,  particularly  with  respect  to  tempera- 
ture, the  lead-base  alloys  will  give  excellent  service 
in  all  ordinary  applications.  In  bearings  subjected 
to  very  high  pressures  or  to  pounding  or  vibration, 
the  harder  tin-base  alloys  should  be  used  when  tem- 
perature and  other  conditions  cannot  be  controlled 
with  certainty,  as  is  the  case  in  most  repair  work. 

The  fact  of  the  great-  difference  between  the 
starting  friction  and  the  running  friction  of  bearings 
has  become  fairly  well  known  because  of  the  general 
use  of  gas  engines,  synchronous  motors  and  other 
motors  having  limited  starting  torque,  but  the  prob- 
able reason  for  this  difference,  illustrated  by  Mr. 
Foot's  analogy,  will  be  new  to  many  engineers. 

It  is  a  matter  of  interest  that  the  requirements 
of  electrical  machinery  for  high-speed  oil-tight  bear- 


ings led  to  the  fundamental  research  work  of  Tower, 
Reynolds  and  Lasche,  and  to  the  subsequent  applica- 
tion of  the  theory  to  machine  construction.  Without 
this  knowledge  of  the  correct  principles  of  operation  of 
shaft  bearings,  modern  high-speed,  large-capacity 
generators,  particularly  of  the  steam-turbine  type, 
would  be  out  of  the  question. 

F.  D.  Xewbury 


!Much  has  been  said  and  written  rela- 
Electricity  tive  to  shop  economies  in  the  fabrica- 
in  Metal       tion  of  materials  into  machinerj-  and 

Mining  structures.  Fully  as  important  is  the 
matter  of  conservation  and  economy 
in  the  production  of  the  materials  entering  into  manu- 
facturing operations.  Metal  mining  is  a  field  in  which 
rapid  strides  are  being  made  by  electrical  operations, 
and  two  important  tendencies  are  well  presented  in  the 
papers  by  Mr.  W.  A.  Rankin  and  Mr.  F.  C.  Stanford 
in  this  issue  of  the  Jourxal. 

Mr.  Rankin  describes  the  use  of  steam,  formerly 
used  at  low  economy  if  not  wasted  altogether,  for  re- 
covering metal  from  tailings  heretofore  thrown  away. 
This  is  accomplished  through  the  use  of  low  pressure 
turbines  and  electric  drive  for  the  regrinding  and  con- 
centration of  both  old  and  new  tailings.  These  results 
were  obtainable  onlj-  by  careful  engineering  and  the 
use  of  the  most  improved  types  of  machiner\-. 

Mr.  Stanford  describes  the  installation  on  a  large 
scale  of  electric  power  for  all  mining  operations.  Elec- 
tric drive  for  secondarj'  operations  has  long  been  rec- 
ognized as  economical  and  dependable  but  there  has 
been  a  hesitation  about  electrification  of  primar}-  oper- 
ations, such  as  hoisting  and  compressing  air  for  un- 
derground drilling.  The  magnitude  of  the  electrical 
operations  of  the  Cleveland  Cliffs  Iron  Company 
makes  them  pioneers  in  the  field  of  large  complete 
electrification  of  metal  mines.  In  this  case  use  is  made 
of  cheap  power  developed  from  an  hydro-electric  in- 
stallation made  particularly  for  this  purpose.  Similar 
installations  are  now  under  way  in  other  locations,  thus 
showing  that  the  confidence  of  the  mine  operators  has 
been  won  to  the  use  of  electric  drive  for  practically  all 
mining  operations. 

Both  of  these  papers  are  valuable  in  their  descrip- 
tion of  advanced  methods  of  operation  and  sugges- 
tions as  regards  conservation  and  economy. 

W.  .A..  Thomas 


Paul  Martyn  Lincoln 

President-Elect 
American  Institute  of  Electrical    Engineers 


MR.  PAUL  M.  LLX'COLX,  elected  as  President 
of  the  American  Institute  of  Electrical  En- 
gineers for  the  coming  year,  is  a  man  who 
has  had  a  many  sided  experience.  Eor  over  twenty 
years  he  has  been  active  in  various  phases  of  elec- 
trical engineering;  he  has  had  educational  affiliations 
and  has  taken  an  important  part  in  nianv  branches  of 
In.stitute  activity. 

Graduating  from  the  Ohio  State  University  in 
1892,  he  entered  the  employ  of  the  Short  Electric  Com- 
pany in  Cleveland,  and  learned  at  first  hand  the  difficul- 
ties encountered  in  operating  electric  cars  on  steep 
grades  with  small  gener- 
ators in  the  power  house. 
He  then  joined  the 
\\  estinghouse  Electric  & 
Mfg.  Company,  and  was 
engaged  in  the  testing 
room  and  in  general 
engineering  work.  At 
the  opening  of  the 
Niagara  Falls  Power 
Company's  plant  he  be- 
came its  electrical  sup- 
erintendent, and  was 
thus  identified  in  the 
early  and  notable  days 
with  the  first  great 
power  plant  in  this 
country.  He  had  much 
to  do  with  the  first 
transmission  line  to 
Buffalo,  which  in  the 
amount  of  power  trans- 
mitted and  distance 
traversed  was  the  great- 
est line  of  its  time.  In 
1902  he  leturned  to  the 
Westinghouse  Companv  where  his  operating  exper- 
ience became  of  great  advantage  in  his  work  in  con- 
nection with  the  general  engineering  of  power  sta- 
tions and  transmission  lines.  For  several  years  he 
was  in  charge  of  the  po\yer  engineering  department, 
in  which  position  he  supervised  the  design  of  a  large 
amount  of  generating  and  converting  apparatus.  On 
the  organization  of  the  general  engineering  depart- 
ment, he  was  transferred  to  this  department  where  his 
large  acquaintanceship  with  operating  conditions  and 
operating  men  has  proven  of  great  value.  He  has 
thus  been  identified  with  the  formulation  of  many  of 
the  large  projects  of  recent  years  and  has  come  into 
contact  with  operating  conditions,  as  well  as  those  per- 
taining to  the  design  and  performance  of  apparatus. 

In  the  American  Institute  of  Electrical  Engineers 
he  has  presented  numerous  papers,  and  was  one  of 


the  members  of  the  Transmission  Committee  which 
began  its  work  a  dozen  years  ago.  To  the  work  of 
this  Committee,  through  meetings  and  discussions, 
and  through  reports  and  published  data,  is  due,  in  no 
small  measure,  the  rapid  and  successful  advance  in 
power  transmission.  At  the  time  of  the  appointment 
of  that  Committee,  not  quite  twelve  years  ago,  there 
was  no  plant  in  the  country  operating  above  40000 
volts.  He  has  served  on  many  committees,  notably 
by  holding  the  chairmanship  of  the  Committee  on 
Local  Organizations  for  five  consecutive  years.  Thii 
has    brought    him    into    intimate    touch     with     the 

conditions  and  Institute 
needs  in  all  parts  of  the 
countr}-,  while  his  serv- 
ice on  the  Board  of  Di- 
rectors has  acquainted 
him  with  internal  Insti- 
tute aftairs. 

As  an  educator  he 
is  professor  of  electrical 
engineering  in  the  Uni- 
versity of  Pittsburgh,  In 
the  field  of  technical 
journalism  he  has  been 
for  a  number  of  years 
a  member  of  the  pub- 
lication committee  of 
The  Electric  Journal. 

This  experience,  cov- 
ering intimately  the  de- 
velopment of  electrical 
engineering  during  the 
past  twenty  years  or 
more,  supplemented  by 
an  unusually  wide  per- 
sonal acquaintance,  is  a 
l)eculiarly  fitting  prepa- 
ration for  leadership  in  the  great  national  body  of  elec- 
trical engineers. 

Mr.  Lincoln  is  a  positive,  definite,  original  thinker. 
Among  those  who  have  been  most  intimately  associated 
with  him,  as  well  as  those  whose  acquaintance  with 
him  is  slight  or  only  through  his  writings,  there  is  a  re- 
gard and  respect  for  his  opinions  and  for  the  straight- 
forward and  frank  way  in  which  he  is  ready  to  express 
them.  He  is  a  man  of  large  vision  who  will  bring  to 
the  important  office  to  which  he  has  been  chosen  high 
ideals  to  be  achieved  by  the  electrical  engineering 
profession,  and  a  due  sense  of  its  obligations  to  the 
public  which  it  serves. 

The  members  of  the  Institute  may  well  de- 
termine that  the  next  year  will  be  one  in  which  they 
should  join  to  do  their  part  in  continuing  the  prog- 
ress of  the  Institute  under  an  able  leader. 


Electrical  Installation  of  the  Cleveland  Cliffs 

Iron  Company 

F.  C.  Stanford 
Electrical  Engineer,  Cleveland  Cliffs  Iron  Company 

/.V  PREP.-IRIXG  this  paper  it  is  not  the  intent  of  the  uriler  to  enter  into  a  disetission  of  various  en- 
gineering problems  that  arise  in  the  eleetrification  of  mines,  but  rather  to  cover  some  of  the  practical  de- 
tails U'hich  continually  develop  during  the  installation  and  operation  of  electrical  apparatus  in  the  iron  min- 
ing industry.  The  descriptions  and  tabulations  given  are  all  front  work  done  by  the  Cleveland-Cliffs  Iron 
Company  of  Ishpcming,  Michigan. 

THE   Cleveland   Cliffs   Iron  Company   has   elec-  All  circuits  are  protected  by  electrolytic  lightning 

trical  equipment  which  is  supplying  service  to  arresters.     Multigap  arresters  were  fairly  satisfactory 

i8  mines.     These  mines  mostly  have  vertical  at  first,  but  as  load  was  added  it  was  found  they  would 

shafts   and   range   in  depth   from  400  to    i  500   feet,  not  stand  up  under  the  surges  induced  by  the  heaivy 

The  principal  generating  station  is  an  hydro-electric  starting  conditions. 

station  located  near  Marquette  and  consisting  of  two  The    principal    uses    for    current    are: — hoisting, 

high-head    turbines    direct-connected    to    two    2  800  tramming,  air  compressors,  underground  pumps,  sur- 

k.v.a.  three-phase,  60    cycle,    2  300    volt,    generators  face    pumps,    underground    haulage,     miscellaneous 

running  at  720  r.p.m.    A  reserve  plant  consists  of  two  power,   lighting,   signal   service,   etc.     The    following 

steam  turbines  rated  at  i  000  kilowatts  each,  complete  tabulation   shows   the   amount   of   current   used   in   a 

with  auxiliary  equipment.     The  high   tension  distri-  typical  month : 
bution  is  at  30000  volts  carried  to   four  substations  Hoistine  "'19  700  kw-hr 

over  3  miles  of  duplicate  circuits  of  Xo.  2  hard  drawn  Tramming 16  900 

.      ,    .  Air  Compressors M>7  800 

copper  wire  on  steel  towers.  Pumps... 398  600 

Distribution  is  made  for  ordinary  service  up  to  t'tiderground  Haulage.. ..lOn  600 

,       ^    .  -1        J-  x^i  L   ..^     •  ^  1^  Miscellaneous  Power 131  200 

about  two  miles  from  the  substations  at  2300  volts  Shops 9  100 

with    standard    pole    line    construction.     These    lines  Lighting 41  100 

\'ary  in  size  from  Xo.  2  to  300  000  circ.  mils,  depend-  The  total  motor  load  now-  connected  is  approx- 

1 


FIC.   I — ONE  OF  THF.  HE.\U  FR.\.MES  AT  THE  CLEVELAND  CLIFFS  IROX   MIXES 


ing  u[)on  the  load  to  be  carried.  For  longer  distances, 
up  to  five  or  six  miles,  6600  volts  is  used  connecting 
through  2300/6600  volt  air-cooled  transformers. 
One  motor-generator  set  is  driven  by  a  600  lip,  6600 
volt,  three-phase,  synchronous  motor.  Aside  from 
this  the  standard  practice  is  to  use  2  200  volt  motors 
for  all  service  above  25  hp  and  220  volt  motors  for 
all  smaller  sizes.  Lighting  for  mines  and  buildings  is 
220  volts  and  for  location  houses  no  volts. 


imately  16000  hp,  consisting  of  4500  hp  in  syn- 
chronous motors  and  11  500  hp  in  induction  motors. 
As  mine  service  is  considered  very  severe  by  most 
central  station  men  a  curve  of  the  daily  load  is  shown 
in  Figs.  3  and  4.  \\'hile  this  shows  a  fairly  wide  varia- 
tion of  load,  with  some  high  peaks,  there  are  no  serious 
fluctuations  in  voltage  that  will  impair  lighting  service. 
All  wiring  in  and  about  mines  must  be  as  near- 
ly perfect  as  possible,  not  only  that  no  interruption 
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of  service  may  occur  but  also  for  protection  of  em- 
ployees, particularly  underground  where  there  may 
not  be  as  close  inspection  as  in  more  readily  acces- 
sible places.  Much  of  the  work  about  mines  is  also 
done  in  unfavorable  locations  due  to  moisture,  etc. 

On  all  installations  of  primary  motors  a  standard 
panel  is  used  with  equipment  of  ammeter,  voltmeter, 
oil  circuit  breaker  with  low  voltage  release  and  watt- 
hour  meter.  These  panels  are  usually  of  slate,  but 
for  underground  service  it  is  the  intention  to  make 
all  future  installations  on  pipe  frame  mountings  only. 
Marble  or  slate  panels  show  a  tendency  to  absorb 
moisture  and  dirt  that  makes  their  use  undesirable. 

Secondary  motors  are  usually  equipped  with  oil 
circuit  breaker,  low  voltage  and  overload  relays  and 
watthour  metei-,  wall  or  pipe  frame  mounting.  The 
use  of  fuses  is  restricted  to  lighting  service  only. 
On  wiring  for  primary  motors  in  power  houses 
and  shops  varnished  cambric,  steel  taped  cable  with- 
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F.G.   2 — HIGH   TENSION   AND   DISTRIBUTION    LINES   OF   THE 
CLEVELAND   CLIFFS    IRON    COMPANY 

out  lead  is  used.  Secondary  motors  ordinarily  ar-" 
connected  by  the  usual  conduit  wiring  using  rubber- 
covered  wire.  For  conducting  primary  current  into  the 
mines  a  three  conductor  cable  with  varnished  cambric 
insulation  rated  at  5000  volts,  with  lead  sheath,  jute 
wrapping  and  one-quarter  inch  rectangular  armor,  is 
used.  A  special  form  of  hanger  has  been  developed 
which  securely  clamps  the  steel  armor  without  injury 
so  that  when  the  cable  is  in  the  shaft  the  weight  is  all 
supported  by  the  armor.  Pump  house  wiring  under- 
ground is  all  done  with  lead  covered  steel  taped  cable. 
All  cables  terminate  in  some  approved  form  of  pot 
head  to  avoid  possibility  of  puncture,  and  care  is  used 
in  grounding  armor  and  lead  sheath. 

For  the  direct-current  circuit  to  operate  under- 
ground locomotives  the  feeders  are  placed  in  a  three 
inch  fibre  conduit  having  a  three-quarter  inch  shell. 


'No  trouble  has  developed  and  this  method  is  a  re- 
liable one,  the  return  wire  being  bare  and  carried  out- 
side the  conduit.  The  writer,  however,  is  of  the 
opinion   that  steel   armored   duplex   cable   would   be 
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CURVE   .SHOWING  LOAD  CHAR.\CTERISTICS   OVER  A  PERIOD  OF 
30   MINUTES   AT  CARP   RU'ER    STATION 


cheaper  and  more  satisfactory.  This  is  because  the 
probability  of  electrolysis  would  then  be  reduced  to 
a  minimum,  as  no  ground  would  exist  on  the  feeder 
excepting  at  the  rail  on  the  levels  where  service  is 
supplied.  And  while  there  might  be  a  slight  flow  be- 
tween levels  it  would  naturally  be  through  the  iron 
ore  rather  than  through  piping  or  steel  shaft  sets. 
This  latter  method  would  cost  slightly  more  for  the 
cab'e,  but  would  be  much  cheaper  to  install. 

The  question  of  placing  the  heavy  cables  in  the 
deep  shafts  was  quite  a  problem  as  space  is  some- 
what restricted  and  it  is  necessary^  to  have  a  number 
of  men  to  guide  the  cable  past  obstructions,  and  any 
failure  would  place  them  in  jeopardy.  The  best 
method  yet  tried  is  to  remove  the  hoist  rope  from  the 
cage  and  then  clamp  the  cable  and  hoist  rope  to- 
gether about  every  50  feet  and  lower  the  cable  into 
the  proper  compartment.  By  doing  this  work  on  a 
holiday  usually  no  delay  is  caused  in  the  mine  opera- 
tions. It  has  not  been  found  necessarj'  to  use  any 
duplicate  cables  as  up  to  the  present  time  there  has 
never  been  a  failure  in  them.  Cables  are  usually 
tested  for  insulation  resistance  on  the  reel  and  again 
after  installation,  and  from  time  to  time  re-tests  are 
made.  During  nearly  four  years  service,  no  deteriora- 
tion has  been  found  but  rather  an  improvement  in  the 
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FIG.  4 — LOAD  CURVE  AT  THE  CARP  RIVER  PLANT  FOR  ONE  DAY, 
MARCH  27,    I914 

insulation  resistance.     Re-tests  are  usually  made  with 
a  500  volt  "Megger"  as  it  is  quick  and  accurate. 

Current    for   lighting   underground    in   drifts    is 
taken  direct  from  the  trollev  wire  and  at  shaft  land- 
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ings  and  pump  houses  usually  a  reserve  system  of 
lights  from  the  alternating-current  circuit  is  installed. 
It  is  the  policy  of  this  company  to  use  tungsten  lights 
exclusively,  both  on  surface  and  underground.  For 
power  houses  a  trial  of  gas  filled  lamps  is  being  made, 
and  if  reasonable  life  is  shown  no  doubt  these  will 
be  used  wherever  suitable.  On  all  new  installations 
all  wiring  will  be  either  in  armored  cable  or  metal 
conduit. 

HOISTS. 

Two  types  of  hoists  are  in  use ; — flywheel  sets 
with  direct-current  hoist  motors  and  induction  mo- 
tors. 

At  present  but  one  of  the  first  type  is  in  service. 

TABLE  I— TEST  OF  FLYWHEEL  SET 

Depth  of  shaft  (Sump  to  Dump) 900   ft.  vertical 

Net  weight  of  load  iier  trip 9290   lbs. 

Weight  of  skip  (self-dumping) 5330    lbs. 

Size  of  rope.  l\  inch  diameter 2.2  lbs.  per  ft. 

Hoisting Balanced. 

Size  and  shape  of  drum Cylindrical  8  ft.  .\  C6  in.  wide. 

Weight  of  drum  and  shaft  (from  dwg) 31650   lbs. 

Radius  of  gyration  of  drum 3.86  it. 

Tcital  revolutions  of  drum 3.i.S 

TEST  OF  .'iOO  HP,  52.i  VOLT,  r,0  R.P.M.,   SHUNT  WOUND, 
HOIST  MOTOR 


First  Cycle 


INo.lSkipNo.2Skip 


I  Time  for  hoisting,  sec 66.4 

Timr  of  cagirij;,  sec 17.9 

Maximum  r.p.in 74 

Ma.ximum  rope  speed  ft.  per  min.  i     1858 

Time  of  acceleraiiny I        10.5 

Time  of  retarding    1        36 

.\veiage  r.p.m 3g.4 

Average  rope  speed  ft.  per  min.  ...1       965 

Maximum  motor  current 1160 

Maximum  motor  volts .V^O 

.Average  motor  current 495 

.\verage  motor  voltage 276 

.\verage  motor  input  hp 183.2 

Average  motor  input  hp  seconds...   12  I.tO 

Motor  copper  losses,  hp 10.5 

Motor  copper  losses,  hp  seconds....!       699 

.\verage  brake  current '       4.50 

Average  brake  voltage 47 

Duration  of  brake 13 

Brake  hp  st'C.  gen 368.5 

Brake  hp  copper  losses 23.25 

I  Brake  hpsec.  copper  los.ses [       302.5 

Net  hoisting  work |  10  780 

Average  gencnvtor  current 1       495 

Average  generator  voltage 276 

Output  of  generator  hp  sec.  - 12150 

Average  generator  I-R  loss,  hp  ....         12.4 

Average  gen.  cu.  loss,  hp-sec 825.5 

Average  wdg.  fr..  and  iron  loss, 

hp  seconds 628 

Total  generator  losses,  hp  sec I     1453.5 

S[)eed  of  set  at  start  of  hoisting  ...        690 

Speed  of  set  at  end  of  hoisting 655 

Speed  of  set  at  end  of  cycle I       680 

Output  of  flywheel  hp-sec. ._ 4200 

Input  to  flywheel,  hp-sec I     3000 

Input  to  generator,   hp-sec j  13  603.5 

Input  to  A.C.  motor,  hp-sec  26800 

Input  to  \.C  motor,  not  absorbed 

by  flywheel 2S800 

A.C.  motor  losses  in  hpsec 2145 

Slip  regulator  losses,  hp-sec 652 

Shaft  h|Hsec 15  200 

Overall  efficiency.: 62 

Kw-hours  per  ton II 
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This  is  a  Westinghouse  set  having  a  350  horse-power 
induction  motor,  a  400  kw.,  600  volt,  direct-current 
generator,  a  150  kw.,  200  volt,  direct-current  gener- 
ator, a  25  kw.  200  volt  exciter  and  25  000  lb.  flywheel 
mounted  on  one  shaft.  The  generators  are  connected 
directly  to  a  500  hp,  60  r.p.m.,  first  motion  hoist 
motor  for  ore  skips,  and  a  200  hp,  250  r.p.m.  motor 
with  helical  gears  for  the  cage  or  man  hoist.  The 
flywheel  set  has  an  automatic  slip  regulator  which  by 
changing  the  resistance  in  the  rotor  of  the  induction 


motor  gives  a  variation  of  speed  from  650  to  720 
r.p.m.  dependent  upon  the  load.  The  armatures  of 
the  generators  and  hoist  motors  are  connected  directly 
by  I  000  000  circ.  mil  cables  without  intermediate  cir- 
cuit breakers,  the  motors  having  constant  excitation 
in  the  fields  and  being  controlled  through  variable 
fields  of  the  generators.  This  gives  a  very  reliable 
service  as  the  flywheel  will  usually  have  sufficient 
stored  energy  to  complete  any  trip,  even  if  there  is 
an  interruption   to   the    current    supply. 

The  ore  hoist  is  designed  for  a  90  second  cycle 
under  i  000  ft.  hoist  and  gives  a  maximum  hoisting 
speed  at  full  load  of  i  500  ft.  per  minute.  The  con- 
ditions of  operation  are  indicated  by  Table  I. 

There  are  connected  the  following  induction 
hoist  motors : 

Chase  Mine 1-200  hp  double  reduction  geared  hoist  with 

direct  control. 
Morris  Mine 2-400  hp  double  reduction  geared  hoists  with 

remote  control. 
Lloyd  Mine 2^00  hp  double  reduction  geared  hoists  with 

remote  control. 
Cliffs  Shaft  Mine.. 1-500    hp    double  reduction    geared    double 

drum,  friction,  remote  control. 
Salisbury  Mine....  1-400  hp  single  helical  geared  double  drum, 

friction,  remote  control. 
Princeton  Mine. ..1-200  hp  double  reduction  geared  hoist  with 

direct  control. 
Princeton  Mine....  1-7.")   hp  double  reduction  geared  hoist  with 

direct  control. 
Austin  Mine 1-150  hp  double  reduction  geared  hoist  with 

direct  control. 
Gwinn  Mine 2—100  hp  double  reduction  geared  hoists  with 

remote  control. 
Gardner  Mine 1-100    hp    single  helical    geared   hoist   with 

remote  control. 
Mackinaw  Mine.. ..1^00    hp    single  helical  geared   hoist   with 

remote  control. 
Athens  Mine 1-400    hp    single   helical   geared   hoist   with 

remote  control. 
S.  Jackson  Mine. ..1-75    hp    double   helical    geared   hoist   with 

direct  control. 

\\  ith  the  smaller  motors  we  find  the  direct  con- 
trol, with  oil  immersed  primary  reversing  drum,  is 
fairly  satisfactory,  when  it  is  properly  designed. 
The  secondary  contacts  must  be  of  ample  capacity 
and  with  positive  snap  into  position.  The  primary 
reversing  contacts  should  have  a  positive  and  quick 
make-and-break  before  the  secondaries  come  in. 
The  oil  tanks  should  be  so  designed  that  oil  will  not 
be  thrown  out  and  leads  brought  out  where  they  may 
be  readily  inspected.  .Ample  barriers  should  be  placed 
between  phase  leads  because  with  the  accurate  spot- 
ting sometimes  necessary  with  a  hoist  a  quick  make- 
and-break  will  likely  cause  surges  which  may  cause 
a  flash  over. 

For  control  of  large  hoist  motors  solenoid-oper- 
ated contactors  are  used  exclusively.  The  only 
primary  switches  we  have  found  that  are  entirely  re- 
liable have  an  air  break.  While  this  causes  rather 
an  annoying  flash  and  noise,  it  is  a  good  evidence  to 
the  operator  that  it  is  working  properly. 

The  line  contact  points  must  not  make  a  "butt" 
contact  but  should  have  a  wiping  contact.  This  is  on 
account  of  the  possibility  of  contacts  burning  together 
and  failing  to  open  when  the  controller  is  thrown  off. 
Thi.s  form  of  contact  is  best  for  secondaries  also  for 
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the  same  reason.  This  improper  condition  very  near- 
ly caused  a  serious  accident  with  an  old  form  of  con- 
tactor which  we  had  in  service  on  account  of  the 
motor  failing  to  stop  at  the  surface  when  the  control! 
was  off.     The  single-phase  type  of  control  operation 
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FIG.    5 — ELECTRIC    HOIST    SAFETY    OVERWIND 

seems   to   be   the   simplest   rather   than   to   divide   the 
contactor  closing  coils  into  three  phases. 

Hoist  motors  must  have  very  rugged  and  sub- 
stantial frames  as.  due  to  the  pounding  of  gears  and 
frequent  starts  and  stops,  the  service  is  very  severe. 
Phase  leads  and  coils  should  be  rigidly  supported  to 
prevent  vibration  or  distortion  under  excessive  cur- 
rent. Adjustable  bearing  brackets  are  desirable. 
Banding  of  the  rotor  should  be  extra  strong  on  account 


lines.  This  permits  the  holding  coil  to  open  and  oper- 
ates the  air  brake.  An  over-speed  governor  may  be 
placed  on  the  end  of  the  motor  shaft  also  which  will 
operate  the  trip.  If  the  current  supply  faili  for  any 
reason  the  brake  immediately  sets. 

The  curves  shown  in  Fig.  6  covering  the  hoists 
at  the  Morris  Mine  are  characteristic  of  induction 
motor  service. 

TR.\MMIXG 

The  word  "Tramming,"  as  used  herein,  refers 
to  the  movement  of  ore  on  the  surface  for  storage  in 
stock  piles.  Two  methods  are  in  use,  principally  the 
"endless  rope  "system  with  five  ton  cars.  This  re- 
quires motors  of  from  25  to  50  horse-power  and  is 
\  en,-  severe  service,  particularly  in  winter  when  most 
stocking  in  done.  On  account  of  loading  tracks  and 
other  governing  features,  stocking  tracks  are  usually 
rather  crooked,  and  with  many  sheaves  and  rollers 
the  friction  load  is  frequently  as  high  as  75  or  80 
percent.  \\'hen  induction  motors  are  used  they  should 
have  exceptionally  high  torque  and  a  very  liberal  al- 
lowance of  grid  resistance.  The  service  likely  will  be 
at  about  the  rate  of  one  minute  on,  with  possibly  100 
percent  overload  at  the  start,  and  then  one  minute  off 
while  loading  the  car.  The  tramming  speed  may  be 
as  high  as  i  500  feet  per  minute,  depending  upon  the 
tram.     Motors  for  this  service  must  have  very  heavy 


FIG.    6 — COMPLETE     HOIST    CYCLE    FOR    MORRIS     MINE    ORE     HOIST,    TWO    SKIPS   IX  BALAXCE 


of  the  possibility  of  overspeed.  W'^  require  that  low- 
ering shall  be  with  current  on  to  prevent  overspeed. 

An  electric  safety  overwind  has  been  developed 
which  has  been  found  very  reliable.  It  is  similar  to 
most  others  which  have  been  brought  out.  but  has 
been  somewhat  simplified.  The  operation  is  as  fol- 
lows : — 

A  contact  making  device  is  attached  to  an  indi- 
cator on  the  hoist  with  one  contact  made  about  100 
feet  below  the  collar  of  the  shaft.  This  is  controlled 
by  a  foot  switch  operated  by  the  brakeman  as  shown 


and  rigid  frames,  especially  if  they  are  to  be  equipped 
with  solenoid  brakes.  A  typical  load  curve  is  shown 
in  Fig.  7. 

For  short  trams  under  suitable  conditions  grav- 
itv  tramming  is  in  use  and  the  motor  is  only  used  to 
return  the  car.  A  standard  motor  answers  for  this 
last   serxice. 

AIR   COMPRESSORS 

Iron  miners  are  rather  lavish  users  of  com- 
pressed air  and  this  company  has  a  number  of  elec- 
trically-driven air  compressors.     One  is  a  4000  cubic 
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FIG.   7 — LOAD   CURVE   FOR   STOCKING   TRAM,    XEGAUXEE   MINE 

Three  trips  out  with  load  and  back  empty.     Heavy  reverse  curves.  2400  foot  trestle,  2400  foot  pulling  and  trail-ropes, 
car  weight,  9  000  lbs.,  weight  of  ore,  8  000  lbs.    Operated  by  a  50  hp  motor. 

in  Fig.  5,  and  if  the  hoist  is  under  control  and  the  feet  machine  dri\en  by  a  625  hp    synchronous  motor 

switch  is  opened  it  does  not  operate.     The  final  con-  through  a  rope  drive.     This  is  not  a  variable  load 

tact  closing  is  positive  and  is  at  the  danger  point.    As  compressor,  being  an  adaptation  of  a  steam  machine, 

soon  as  closed  it  actuates  the  circuit  opening  relay  An  "Erie"  valve  was  placed  on  the  suction  and  as 

which  trips  the  low-voltage  release,  opening  the  motor  the  pressure  drops  slightly  this  opens  the  intake  and 
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the  compressor  takes  the  load.    This  is  a  rather  severe  the   tinu-.     .Standard   construction   consists   ut   40   lb. 

load  tor  a  synchronous  motor,  ranging  from  friction  rails  with  No.  00  copiter  bonds  at  each  joint  and  past 

load  to  650  horse-power  within  a  period  of  two  sec-  switches.     No.  00  grooved  trolley  is  used.     In  a  part 

onds.     The  motor  has  given  very  good  service,  how-  of  the  mines  this  is  placed  in  an  inverted  trough,  in 

ever,  and  indicates  that  modern  synchronous  motors  others   it   is  entirely  open.     Very    few  accidents  oc- 

are  reliable  for  almost  any  service.     It  starts  readily  cur.     Occasionally  a  miner  will  strike  the  trolley  with 


with  the  amortisseur  winding  provided  the  intake  of 
the  compressor  is  closed. 

There  are  four  2  100  cubic  feet  compressors, 
running  at  120  r.p.m.,  each  driven  by  a  Westing- 
house  325  hp  synchronous  motor  mounted  on  the 
shaft  and  having  a  belted  exciter.  These  motors 
show  very  good  efhciences  and  start  readily  when  the 


a  drill  liar,  but  he  does  not  repeat  the  experiment. 
This  company  has  28  electric  locomotives  in  service 
and  one  armature  winder  makes  all  repairs  on  the 
56  motors  without  trouble  and  has  abundant  time 
for  other  work. 

These     underground     haulage     locomotives     are 
dri\en   by  motor-generator  sets.     Five  of  these  sets 
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FIG.  8 — LO.\D  CH.XRACTERISTIC  OF  A   25O    HP   SVXCHROXOUS    MOTOR 

Direct-connected  to  a  two  stage  duplex  i  700  cu.ft.  air  compressor.  The  first  portion  of  the  curve  indicates  the 
power  taken  from  the  line  to  start  and  synchronize  the  moto-  at  no  load.  The  second  part  shows  the  operation  of  the 
"clearance  control"  device  in  its  automatic  regulation  of  the  compressing  load  of  the  motor. 


voltage  and  power-factor  of  the  lines  are  normal. 
Tests  of  overall  efficiences  of  these  machines  are 
made  from  time  to  time  and  output  computed  by 
Fliegner's  formula  with  oritices  of  varying  diameters 
to  care  for  various  loads.  These  compressors  are 
two  stage  tandem. 

Another  compressor,  running  at  120  r.p.m.,  has  a 
variable  load  device.  An  interesting  curve  covering 
this  machine  is  shown  in  Fig.  8.  Several  other  small 
units  are  belt  driven  by  induction  motors.  As  a  re- 
serve to  operate  air  brakes  on  hoists,  small  automatic 


are  driven  by  215  hp,  2200  volt,  W'estinghouse  syn- 
chronous motors  at  600  r.p.m.  Two  sets  are  driven 
by  induction  motors.  \'ery  little  trouble  develops  in 
these  and  they  run  continuously.  About  once  in  two 
or  three  years  we  find  it  necessarj^  to  true  the  commu 
tators.  This  is  done  while  they  are  in  service,  with 
a  motor  driven  grinding  machine.  Typical  load 
curves  from  one  of  these  sets  are  shown  in  Fig.  9. 

PUMPING 

The  drainage  of  mines  being  a  matter  of  great 
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FIG.    9 — TYPICAL    LOAD    Ct/RVES    FOR    MOTOR-GEXERATOR    SET 

The  load  consists  of  the  underground  haulage  of  three  6.5  ton  locomotives  and  400.  16  c-p  lights  with  an  output  of 
I  000  tons  per  day  and  an  average  haul  of  5  700  feet.     The  grade  is  two  percent  in   favor  of  the  load. 


air  compressors,  driven  by  three  hp  induction  mo- 
tors are  installed  at  various  mines.  These  have  proven 
very  reliable  and  satisfactory. 

UNDERGROUND  HAULAGE. 

Underground  haulage  at  all  principal  mines  is 
with  250  volt,  direct-current  electric  locomotives. 
These  are  usually  of  about  6.5  ton  size,  with  30  inch 
gauge.  The  largest  in  service  is  a  10  ton  locomotive, 
but  this  seems  to  be  somewhat  larger  than  is  neces- 
sary as  the  6.5  ton  size  will  handle  all  the  ore  tiiat 
can  be  mined.  This  is  quite  clear  when  it  is  under- 
stood that  a  large  part  of  the  time  in  haulage  is  de- 
voted to  spotting  cars  and  picking  up  loads,  while  the 
actual  run  to  the  shaft  is  but  a  small  proportion  of 


importance  the  necessity  for  reliable  service  in  mine 
pumps  is  obvious.  The  centrifugal  pump  on  account 
of  its  natural  high  speed  and  rotary  form  lends  itself 
verj'  readily  to  motor  drive.  Unfortunatelv,  how 
ever,  from  a  mechanical  viewpoint  it  is  very  lacking 
in  efficiency.  About  the  best  that  can  be  expected 
from  a  1 000  gallon  per  min.  pump,  designed  for 
1  000  foot  head,  is  60  to  65  percent  efficiency,  de- 
IHiiding  upon  the  condition  of  the  impellers,  pack- 
ing, clearance,  etc.  Having  the  advantage  of  low 
first  cost  these  make  a  very  satisfactor>-  reserve  or 
temporary  pumping  outfit.  This  is  the  application 
given  by  the  Cleveland  Cliflfs  Iron  Company.  Each 
mine   has   a   centrifugal   pump   installation   equivalent 
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in  size  to  one  of  the  regular  units  and  these  are  used 
only  for  temporary  service  or  in  case  of  emergency. 
Results  of  tests  made  with  "V"  notch  weirs  are  shown 
in  Table  II.     .\  curve  showing  the  character  of  the 

TAHLE  II— OVER-ALL  EFFICIENCIES  OF 
MOTOR-DRIVEN  MINE  PUMI'S 


Total 


6  stage  centrifugal  pump 933 

Duplex  double-acting  geared  pump  833 

Triplex  single-acting  geared  pump  409 

4  stage  centrifugal  pump 409 

Duplex  double-acting  geared  pump  509 

5  stage  centrifugal  pump 498 


Gal. 

Over-all 

ermm. 

Eff.  % 

987.8 

54.1 

991.8 

84.9 

303.8 

81.7 

288 

51.3 

1406 

89.8 

1153 

56.9 

load  on  the  motors  is  given  in  Fig.  lo.  The  principal 
rrline  drainage  is  by  duplex,  double  acting,  pole  pumps, 
although  a  few  triplex  pumps  of  small  size  are  in 
use.  These  are  driven  mostly  by  induction  motors 
with  single  reduction  gears.  These  gears  formerly 
gave  considerable  trouble,  but  of  late  all  pumps  have 
been  equipped  with  helical  cut  gears  and  very  little 
trouble  occurs. 

It  is  important  that  all  motors  for  this  service 
shall  have  as  nearly  waterproof  insulation  as  can 
be  supplied,  as  the  conditions  underground  are  usual- 
ly more  or  less  damp  and  occasionaliy  water  will 
break  through  and  cover  a  motor.  We  have  never 
had  a  burnout  in  this  class  of  service  and  all  mines 


su])posed  to  be  the  first  installation  of  the  kind  that 
has  been  made  in  this  country. 

Other  underground  pumping  applications  are 
small  automatic  sump  pumps  operating  with  the 
ordinary  tank  float  arrangement.  Another  use  is  for 
sinking  purposes.  We  have  three  electrically  driven 
sinking  pumps,  one  operating  at  2  200  volts  and  the 
others  at  220.  These  are  about  50  hp  each  and  are 
very  easy  to  install  and  reliable  in  operation.  Surface 
pumping  is  mostly  with  small  centrifugal  pumps  and 
having  miscellaneous  application,  for  circulating  and 
cooling  water,  surface  drainage  and  water  supply. 
These  motors  range  in  size  from  5  to  40  hp  and  are 
all  of  the  squirrel-cage  type. 

CRUSHING 

Part  of  the  ore  mined  is  a  hard  ore  and  requires 
crushing  before  shipment.  Crusher  house  service  is 
very  severe  for  motors  on  account  of  the  varying  load 
and  the  large  amount  of  ore  dust  which  gets  into  the 
windings.  Two  125  hp  squirrel-cage  motors  are  used, 
each  driving  a  No.  8  McCully  gyratory  crusher,  and 
two  25  hp.,  each  driving  a  No.  5  McCully  crusher. 
Smaller  motors  are  in  service  for  driving  screens, 
etc.  The  principal  trouble  that  has  occurred  was  due 
to  cold  weather.  With  no  heat  in  the  buildings  and 
temperature  ranging  down  to  30  degrees  below  zero 
the  oil  congealed  in  the  circuit  breakers  and  starting 
compensators.     This  was   relieved  by  boxing  in   the 


FIG.    10 — POWER    CURVE    FOR    A    DUPLEX,    DOUBLE-ACTING     MORRIS     MINE     PUMP 

The  pump  has  four  plungers  with  a  6.5  by  36  inch  stroke  and  is  operated  by  a  350  hp,  wound  rotor,  induction  motor 
at  970  r.p.ni.  with  a  gear  ratio  of  124  to  14  against  a  head,  including  friction,  of  850  feet.  The  overall  efficiency  is  Sl.'j 
percent. 

are  electrically  equipped.     Primary  motors  are  used  apparatus  and  placing  one  or  two  incandescent  lamps 

exclusively   for  this  service.  within.    An  occasional  burnout  occurs  in  this  service. 

The   most   interesting    pump    installation    is    an  but  as  it  occurs  with  all  makes  of  motors,  and  we  find 

equipment  of  two  pole  pumps  operating  at  120  r.p.m.,  the  windings  full  of  iron  ore,  that  is  presumed  to  be 

double   acting,    duplex,    throwing   over    i  000   gallons  the   trouble.     The   question   of   enclosing  the   motors 

per  minute  under  a  i  000  foot  head.    These  are  driven  was  considered  but,  as  trouble  was  so  infrequent,  it 

by  synchronous  motors  mounted  on  the  crank  shaft,  has  not  been  done. 


They  are  practically  noiseless  and  give  perfect  service. 
The  motors  come  into  step  promptly  and  have  never 
given  a  particle  of  trouble.  These  are  equipped  with 
motor-driven  exciters  and  each  has  full  switchboard 
equipment  and  safety  devices.  The  motors  alone 
weigh  28  000  pounds  and  are  about  12  feet  in  di- 
ameter, with  split  stator  and  rotor.  These  were  a 
little  awkward  to  place  in  the  shaft  on  account  of 
lack  of  crane  facilities,  but  it  w-as  accomplished  with- 
out serious  difficulty.  On  account  of  the  high  speed 
of  these  pumps,  small  volute  pumps,  driven  by  15  hp. 
induction  motors,  were  placed  in  the  suction,  thus 
assuring  a  full  supply  of  water  at  all  times.     This  is 


Small  crushers  are  placed  in  the  laboratories. 
Usually  a  two  or  three  horse-power  squirrel-cage  mo- 
tor drives  the  entire  plant.  For  evaporating  water 
for  ore  samples,  electric  hot  plates  are  in  use.  These 
are  very  satisfactory  and  all  laboratories  are  now 
equipped  with  these  in  preference  to  gas. 

MISCELLANEOUS    MOTORS 

The  usual  miscellaneous  applications  of  power 
motors  are  made  for  machine  shop  service  and  to 
operate  sundry  auxiliaries.  As  these  are  of  small 
size  and  represent  most  common  service  they  are  not 
of  especial  interest. 
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SIGNAL  SYSTEMS 

Several  different  forms  of  electric  mine  signals 
are  in  use.  The  most  complete  is  an  imported  outfit 
with  both  visible  and  audible  signals.  Heavy  water- 
proof bells  are  installed  at  each  level  and  at  landings, 
these  being  connected  in  series  and  repeating  at  every 
point.  In  the  engine  room  for  each  hoist  a  pedestal 
outfit  is  provided  having  a  paper  roll  which  travels 
about  two  inches  for  each  signal.  Each  time  the  bell 
rings  a  hole  is  punched  in  the  paper  ribbon.  By  a 
system  of  lenses,  lamps  and  mirrors  a  strong  beam 
of  light  is  projected  through  these  holes  and  reflected 
on  a  ground  glass  screen.  By  this  method  a  clear  and 
accurate  record  of  each  signal  is  shown  and  also  a 
permanent  record  made  on  the  paper  ribbon.  \\'ires 
for  this  system  are  rubber  covered  and  in  a  lead 
sheath  armored  cable.  At  other  mines  no  volt  vibrat- 
ing bells  are  used,  connected  in  multiple  and  repeat- 
ing at  each  level.  For  the  pushes,  waterproof  iron 
boxes  have  been  developed.  Some  mines  are  supplied 
with  single  stroke  bells,  current  being  supplied  from 
small  motor-generator  sets.  All  of  these  methods  are 
quite  satis  factor}'.  In  addition  to  the  signal  equip- 
ment, regular  mine  telephones  are  supplied  at  all 
mines.  \\'iring  for  signals  and  bells  is  the  same  as  for 
National  Electric  Code  600  volt  service.  There  is  a 
demand  for  reliable  waterproof  signal  switches  and 
junction  boxes. 

TESTING    INSTRUMENTS 

A  fairly  complete  set  of  testing  instruments  has 
been  provided.  This  consists  of  galvanometers, 
Wheatstone  bridge,  single  and  polyphase  wattmeters, 
alternating    and    direct-current    voltmeters    and    am- 


meters, shunts,  portable  potential  and  current  trans- 
formers, megger,  etc.,  etc.  For  locating  faults  in 
transmission  and  distributing  lines  a  slide  wire  bridge 
has  been  developed.  This  has  proven  quite  accurate 
and  a  ground  or  cross  in  the  transmission  line  can 
usually  be  located  within  one  or  two  towers,  thus  sav- 
ing considerable  time  and  expense. 

GENER.\L 

As  mine  service  in  general  is  rather  severe  and 
inasmuch  as  the  safety  of  employees  may  at  any  time 
be  dependent  upon  the  reliable  operation  of  apparatus, 
manufacturers  should  recognize  the  demand  for  rug- 
ged and  lasting  apparatus,  \\hen  this  requirement 
is  fulfilled,  the  application  of  electric  drive  to  mining 
machinery-  shows  a  verj-  marked  saving  in  cost  of 
power  and  a  decided  gain  in  reliability  of  sen-ice. 

On  the  part  of  operators  constant  and  thorough 
inspection  is  essential.  Motor  clearance  must  be 
tested  frequently.  Oil  switches  must  be  carefully 
cared  for  and  kept  in  perfect  condition.  The  oil  must 
be  frequently  chan^d  and  tested  for  moisture.  Con- 
trol apparatus  should  be  gone  over  daily  and  con- 
tacts kept  clean  and  properly  adjusted.  Meters  should 
be  tested  frequently  and  readings  checked  to  locate 
quickly  any  loss  in  efficiency  or  defect  in  operation 
of  apparatus.  Mine  electricians  should  be  trained 
to  observe  all  mechanical  equipment  in  connection 
with  motor  drive  and  to  know  when  it  is  in  proper 
condition,  on  account  of  the  usual  tendency  to  blame 
any  trouble  on  the  electrical  end.  If  these  simple 
rules  are  observed  electrical  drive  in  mines  will  be 
found  to  be  an  ideal  application. 


Babbitt  and  its  Application 

T.  J.  .Johnston 
Works  Department,  Westinghouse  Electric  &  Mfg.  Company 


EACFI  DEGREE  of  frictional  heat  that  is  devel- 
oped in  a  machine  bearing  is  a  measure  of  just 
so  much  useful  power  entirely  thrown  away 
in  that  each  degree  of  heat  shown  in  the  bearing  above 
that  of  the  atmosphere  represents  just  so  much  heat 
removed  from  beneath  the  boiler,  which,  instead  of 
doing  useful  work  only  produces  so  much  additional 
waste  in  the  machine.  It  is  therefore  very  essential 
that  machine  bearings  be  as  nearly  perfect  as  it  is 
possible  to  make  them. 

In  order  that  a  bearing  may  run  cool  careful  at- 
tention must  be  given  to  several  important  items ;  the 
proper  materials  must  be  selected  for  the  journal  and 
bearing,  the  wearing  surfaces  must  be  perfectly 
smooth,  of  sufficient  area  and  uniform  bearing  sur- 
face. These  surfaces  must  moreover  be  furnished 
with  properly  placed  oil  grooves  which  will  distribute 
a  lubricant  evenly  to  every  portion.  A  constant  sup- 
ply of    lubricant    of    sufficient    quantity    and    proper 


quality  must  also  be  provided  and  dust,  dirt  and 
all  other  foreign  matter  must  be  rigidly  excluded. 
As  a  matter  of  course  the  mechanical  design  of  the 
bearing  must  be  right,  but  the  selection  of  die  proper 
bearing  materials  and  the  proper  application  of  tlm-ie 
materials  are  matters  of  first  importance. 

A  good  bearing  material  must  fulfill  the  follow- 
ing requirements :  It  must  be  of  sufficient  strength  to 
sustain  its  load;  it  must  not  heat  rapidly,  it  must  be 
easily  worked ;  it  must  have  good  anti-frictional  prop- 
erties ;  it  must  have  a  long  life  with  small  loss  of  ma- 
terial due  to  wear;  and  (with  the  exception  of  cast 
iron  on  cast  iron  and  hardened  steel  on  hardened 
steel)  it  will  usually  be  a  material  of  an  entirely  dif- 
ferent molecular  construction  from  that  of  the  re- 
volving journal  which  it  must  support. 

Chief  among  the  materials  which  are  used  in  the 
construction  of  bearings  are :  Cast  iron,  steel,  gun 
metal,  phosphor-bronze  and  white  alloys.    Numerous 
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other  materials,  man}-  of  which  are  patented,  have 
also  been  used  for  bearings  with  more  or  less  suc- 
cess. Some  of  these  latter  are  tempered  copper,  coiled 
steel  wire,  aluminum,  lignum-vitae  and  other  hard 
woods,  compressed  paper,  stone  and  glass  compo- 
sitions. 

The  white  metal  alloys  are  solid  materials  com 
posed  of  two  or  more  items  such  as  aluminum,  zinc. 
nickel,   tin,    lead,    copper,   antimony,   and   bismuth    in 
varying  c|uantities  and  fluxed  and  alloyed  in  \-arious 
ways. 

The  journal  when  running  may  lie  completely 
borne  by  the  oil  film.  l)Ut  during  the  time  of  starting  or 
stopping  the  film  is  broken,  minute  irregularities  on 
the  surfaces  of  the  bearing  and  journal  engage,  and 
if  the  bearing  does  not  yield,  as  in  the  case  of  a  steel 
bearing  and  a  steel  journal,  small  particles  are  fused 
and  torn  out,  and  these  accumulate  at  the  entrance 
point  and  may  cut  both  the  bearing  and  the  journal. 

With  a  steel  journal  running  in  a  white  metal 
bearing,  the  bearing  surface  is  entirely  dififerent  in 
its  molecular  structure,  the  bearing  inequalities  are  not 
strong  enough  to  resist  the  minute  inequalities  in  the 
journal,  and  so  instead  of  fusing  they  yield  and  are 
smoothed  out.  Consequently  the  bearing  surface,  in- 
stead of  being  injured  by  contact  and  momentary  high 
co-efficient  of  friction,  is  smoothed  and  burnished, 
thus  preparing  the  way  for  a  uniform  wedge  oil  film, 
with  a  mininnim  co-efficient  of  running  friction. 

\\'liite  metal  alloys  have  other  advantages  to 
recommend  them  for  bearings  besides  their  antifric- 
tional  properties.  They  are  very  easily  worked  and 
can  be  melted  in  an  ordinary  iron  ladle  so  that  no 
special  equipment  is  required  for  the  replacement  of 
worn  bearings,  they  are  very  long  wearing  and  show 
but  little  loss  of  material  due  to  wear  even  after  long 
service ;  they  tend  to  reduce  shock  on  machines  as  well 
as  to  deaden  noise :  and  they  can  be  \  ery  readily  pro- 
vided with  grooves  for  lubrication  and  are  very  easily 
fitted  to  a  uniform  bearing. 

A  fault  to  which  all  white  metal  alloys  are  heir 
is  their  liability  to  melt  and  run  from  the  bearing 
shell,  should  accidental  overheating  take  place.  It  is 
to  be  remembered,  however,  that  although  other  ma- 
terials do  not  melt  and  flow  when  overheated,  an  equal 
amount  of  heating  will  cause  equally  disastrous  re- 
sults to  their  properties  as  bearing  materials. 

All  of  the  white  metal  alloys  which  are  used  in 
the  construction  of  bearings  are  somewhat  erroneous- 
ly called  babbitt  metal.  In  1839  a  patent  was  granted 
to  Isaac  Babbitt  for  a  special  type  of  bearing  enclos- 
ing a  soft  metal  alloy.  The  features  of  this  bearing 
were  lips  extending  around  the  ends  of  the  soft  metal 
to  retain  it  in  case  of  accidental  heating  and  to  prevent 
the  soft  metal  lining  from  being  crushed  or  spread  out 
under  severe  pressure.  The  alloy  which  Babbitt  used 
in  his  bearing  was  probably  composed  of  tin  24  pounds. 


antimony  S  pounds,  and  copper  4  pounds,  to  each 
pound  of  which  was  subsequently  added  two  pounds 
more  tin.  This  gives  a  metal  composed  of  88.88  per- 
cent tin,  7.4  percent  antimony,  and  3.7  percent  copper. 
Metals  of  this  type  which  approximate  90  percent  of 
tin  in  their  composition,  are  now  called  U.  S.  Govern- 
ment Standard  or  A-i  balibitt,  and  all  other  white 
metal  alloys  on  the  market  for  use  in  bearings,  no  mat- 
ter what  their  composition,  are  called  babbitt. 

Cienuine  babbitt,  when  properly  made,  has  a  low 
melling  point,  is  easily  worked,  has  good  antifrictional 
qualities,  and  will  stand  a  large  amount  of  careless 
handling,  but  the  constantly  increasing  cost  of  tin  has 
made  it  necessary  to  secure  a  good  babbitt  with  a 
cheaper  metal  as  a  base.  Laboratory  tests  show  that  a 
lead  base  babbit  will  give  very  good  results,  but  such 
tests  of  bearing  materials  are  difficult  and  uncertain 
and  apt  to  be  misleading.  Similarly,  chemical  tests 
cannot  be  wholly  relied  upon,  since  a  very  great  deal 
is  dependent  on  the  actual  making  of  the  liabbitt.  But 
laboratory  and  chemical  tests  taken  in  conjunction 
with  actual  service  tests  furnish  very  reliable  data  and 
a  bearing  metal  developed  along  these  lines  may  be 
counted  upon  to  give  consistent  results  in  practical 
work. 

Babbitts  made  up  according  to  nearly  300  dif- 
ferent formulae  are  at  present  on  the  market.  It  would 
be  of  very  great  benefit  to  the  users  of  babbitt  if  this 
number  were  greatly  reduced  and  the  process  of  manu- 
facture so  standardized  as  to  insure  a  uniform  quality 
of  alio)-.  Except  for  a  few  cases,  but  two  babbitts,  one 
a  lead  base  alloy,  the  other  a  tin  base  alloy,  each  being 
the  best  that  can  be  made,  are  required  for  a  complete 
line  of  bearings,  ranging  in  weight  from  a  few  ounces 
to  several  tons.  The  best  quality  of  high  grade  metal 
should  inxariably  be  used. 

MELTIN'G   THE    BABBITT 

Babbitt  used  for  bearings  is  melted  in  large  iron 
pots  or  kettles  and  the  molten  metal  kept  at  a  constant 
temperature  of  aljout  465  degrees  C.  A  constant  tem- 
perature is  of  very  great  importance  and  is  most  satis- 
factorily obtained  by  using  a  gas  flame  controlled  by 
an  accurate  electric  temperature  regulator,  such  as  is 
shown  in  Fig.  i.  The  regulator  is  set  to  gi\e  a  temper- 
ature variation  of  five  degrees  above  and  below  the 
desired  point,  the  gas  being  turned  low  when  a  tem- 
perature of  470  degrees  C.  is  reached  and  again  turned 
on  when  the  temperature  falls  to  460  degrees  C. 

The  temperature  should  be  brought  up  slowly 
and  the  babbitt  thoroughly  stirred,  especially  when 
new  babbitt  is  being  melted  or  when  old  babbitt,  which 
has  been  allowed  to  solidify  in  the  pot.  is  being  re- 
melted.  This  is  necessary  in  order  to  prevent  certain 
of  the  constituent  metals  from  rising  to  the  top  and 
becoming  oxidized,  as  well  as  to  prevent  the  heavier 
metals  from  sinking  to  the  bottom  of  the  pot.  thus  pro- 
ducing a  non-uniform  alloy.  There  is  very  little  prob- 
abilitv  of  these  difficulties  being  encountered  after  the 


THE  ELECTRIC  JOURNAL 


3S9 


proper  working  temperature  has  once  been  readied 
and  as  long  as  such  temperature  is  maintained ;  but 
stirring  at  frequent  interxals  all  through  the  process 
of  working  the  babbitt  is  beneficial.  In  order  to  reduce 
oxidation,  the  surface  of  the  molten  babbitt  should  be 
kept  thoroughly  covered  with  powdered  charcoal  or 
w  ith  graphite.    Scraps  of  lead,  solder  or  other  metals 


Fir,.    I — .\   Uli:   C-\ST1NI^    M.\CHIN"F. 

Used  in  the  manufacture  of  small  white  metal  bearings. 
The  metal  pot  is  shown  together  with  its  automatic  electric 
temperature  regulator. 

or  alloys  should  never  be  thrown  into  the  babbitt  pots 
and  any  dross  that  may  form  on  the  surface  should  be 
removed  at  least  once  a  day. 

BEARING    SHELLS 

Bearings  are  seldom  made  of  solid  babbitt,  ex- 
cept in  the  case  of  small  die-cast  bearings,  and  in  a 
few  rare  cases  in  railway  work.  Bearings  made  in 
die-casting  machines  are  cast  complete  with  oil  grooves 
and  oil  ring  slots  and  need  but  be  reamed,  faced  and 
turned  before  being  ready  for  insertion  in  the  bearing 
housings.  A  die-casting  machine  is  shown  in  Fig.  i 
and  a  group  of  finished  solid  babbitt  bearings  made  in 
this  way  is  shown  in  Fig.  2.  .'\s  a  general  rule,  bab- 
bitt is  used  only  as  a  lining  in  bearing  shells  of  cast 
iron,  malleable  iron  or  bronze. 

Cast  iron  is  the  most  commonly  used  inaterial  for 
the  bearing  shells  of  all  types  of  stationary  machines, 
on  account  of  its  strength,  good  working  qualities  and 
low  cost.  Where  it  is  necessary  to  provide  greater 
strength  and  toughness  at  moderate  cost,  malleable 
iron  is  used.  Cast  steel  is  not  a  good  material,  owing 
to  its  tendency  to  warp  when  the  casting  strains  are 
relieved  and  a'so  after  babbitting.  Bronze  is  used  for 
bearing  shells  in  railway  work  because  its  use  makes 
certain  the  completion  of  a  run,  even  though  accidental 
heating  results  in  melting  the  babbitt  lining  and  caus- 
ing it  to  run  from  the  shell. 

All  cast  and  malleable  iron  bearing  shells  are  pro- 
\  ided  with  cast  anchor  holes  to  ho'd  the  babbitt  lining 
in  place  and  prevent  its  turning  with  the  revolving 
journal.  These  anchor  holes  are  made  by  attaching 
to  the  green  sand  cores  of  the  bearing  shell  mold, 
baked  sand  anchor  cores  of  such  size  that  the  anchor 
holes  will  be  of  the  correct  dimensions  after  the  cast- 
ing is  machined.  Bronze  shells  properly  tinned  re- 
quire, as  a  usual  thing,  no  other  provision  for  holding 


the  babbitt  lining  in  place ;  but,  in  some  cases  either 
anchor  holes  are  drilled  diagonally  or  under-cut 
grooves  are  added  to  make  doubly  sure  that  the  babbitt 
lining  does  not  become  loose.  If  anchor  holes  or 
grooves  are  used  with  bronze  shells,  they  should  be 
few  in  number  and  as  small  as  possible. 

Iron  bearing  shells  should  be  cleaned  before  bab- 
bitting and  all  sand  and  scale  removed  by  tumbling, 
sand  blasting  or  pickling  in  a  hot  soda  ash  solution  or 
in  muriatic  acid.  If  necessary  the  sand  should  be  loos- 
ened from  the  anchor  holes  by  hand,  for  it  is  absolutely 
essential  that  no  sand  or  grit  remain  to  work  its  way 
into  the  babbitt  lining.  To  assure  uniformity  in  grain, 
wear  and  thickness  of  lining,  all  bearing  shells  should 
be  bored  before  babbitting. 

Bronze  bearing  shells  should  be  tinned  by  immer- 
sion in  half  and  half  solder  before  babbitting,  great 
care  being  taken  to  secure  a  perfectly  uniform  clear 
film  of  tin  over  the  entire  surface  to  which  the  babbitt 
is  to  adhere ;  otherwise  loose  linings  will  result.  The 
parts  of  the  shell  not  to  be  tinned  should  be  coated 
with  a  thill  inixture  of  talcum  water.  Tinning  on  iron 
cannot  be  depended  upon  since,  at  the  temperature  of 
molten  solder,  iron  and  solder  do  not  alloy.  Hence 
the  coating  will  strip  or  peel  when  cold,  while  if  the 
temperature  is  raised  to  that  at  which  iron  and  solder 
do  alloy,  the  solder  will  be  oxidized  and  will  not  ad- 
here to  the  iron. 

All  iron  shells  must  be  preheated  to  a  temperature 
of  from  100  to  150  degrees  C.  before  pouring  the  bab- 
bitt. The  higher  temperature  is  as  a  rule  the  better  to 
use,  except  where  a  lining  is  being  poured  in  a  very 
heavy  shell,  when  it  may  be  necessary  to  use  the 
lower  temperature  to  prevent  the  babbitt  from  cooling 
too  slowly.  Preheating  should  be  done  in  an  oven,  but 
may  be  done  over  a  gas  or  coke  fire,  in  which  case  the 
surface  to  which  the  babbitt  is  to  be  applied  should  be 
turned  upward,  as  otherwise  a  greasy  deposit  will  be 
formed,  which  will  prevent  the  babbitt  from  adhering 
l)roperly  to  the  surface  of  the  shell  and  will  cause 
loose  linings.    Bronze  shells  are  usualh-  poured  as  soon 


FIG.    2 — .\    CROUP  OF   DIE-C.\ST   BE.XRIXCS    OF   THE    SOLID 
B.\BBITT  TYPE 

as  they  come  from  the  tinning  pot  and  while  still  hot 
from  the  tinning  operation.  The  mandrels  should  be 
preheated  to  a  temperature  of  from  100  to  150  degrees 
when  pouring  babbitt  into  the  shells,  but  for  bronze 
shells  a  somewhat  lower  temperature  should  be  used. 
.\fter  the  first  few  bearings  are  poured,  it  will  become 
necessary  to  plunge  the  mandrels  into  water  each  time 
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to  reduce  their  temperature  to  the  proper  value.  Oil 
holes  in  the  bearing  shells  are  filled  with  asbestos  or 
wood  driven  against  the  mandrel  and  the  joints  are 
made   tight  with   clay. 

POURING   THE    BABBITT 

\'ery  careful  attention  should  be  given  to  the  way 
in  which  the  molten  babbitt  is  poured,  into  the  bearing 


FIG.    3 — SELF-SKIMMING    LADLES 

Showing  inside  bridges  for  predetermining  the  size  of 
the  metal  stream  in  pouring.  Leather  holders  for  these  ladles 
are  shown  at  the  right. 

shell,  since  this  is  perhaps  the  most  important  opera- 
tion of  all.  To  secure  good  results,  the  babbitt  must 
be  poured  at  the  correct  temperature.  If  the  babbitt 
is  poured  at  too  high  a  temperature,  extreme  shrink- 
age will  occur,  resulting  in  porous  areas  in  the  lining 
and  in  broken  anchors ;  furthermore,  the  babbitt  will 
be  oxidized,  softened  and  dirty  and  its  antifrictional 
qualities  will  be  lowered.  If  the  babbitt  is  poured  at 
too  low  a  temperature,  a  lining  having  a  coarse  granu- 
lar formation  is  the  result.  If  the  shells  and  mandrels 
are  too  cold,  blowholes  and  similar  defects  will  form, 
and  the  lining  will  shrink  away  from  the  shell  in  cool- 
ing. If  the  temperature  of  the  shell  or  mandrel  is  too 
high,  the  babbitt  will  cool  too  slowly  and  the  heavier 
metals  will  have  time  to  settle,  producing  a  bearing 
which  will  be  soft  at  one  place  and  brittle  at  another. 

A  ladle  of  the  self-skimming  type  should  be  used, 
preferably  one  having  a  welded  or  riveted  sheet  iron 


FIG.   4 — .\X    EXPERT    POURING   B.\BBITT 

Showing  the  correct  method  of  holding  and  steadying  the 
ladle  during  the  operation. 

bridge,  as  shown  in  Fig.  3,  to  give  the  right  size  of 
stream  for  the  bearing  being  poured,  thus  preventing 
splashing,  as  well  as  keeping  dross  from  being  poured 
in  with  the  babbitt.  An  expert  pourer  of  babbitt,  with 
the  use  of  an  asbestos  pad  or  a  hand  leather,  grasps 
the  handle  of  the  ladle  close  to  the  bowl  and  standing 


almost  perfectly  rigid  with  his  arms  braced  against  his 
body,  as  shown  in  Fig.  4,  pours  in  a  steady  even  stream 
without  any  splashing  or  surging  of  the  metal  in  the 
ladle. 

The  best  results  are  obtained  by  pouring  the  bab- 
bitt with  the  bearing  shells  in  a  vertical  position.  If 
it  is  impossible  to  place  the  bearing  in  a  vertical  posi- 
tion due  to  the  irregular  shape  of  the  mandrel,  it  may 
be  inclined  and  poured  at  the  most  convenient  point. 
When  split  bearings  are  poured  at  an  angle,  care 
should  be  taken  to  place  the  shell  so  that  the  face  is 
nearest  the  table.  .Split  bearing  shells  are  sometimes 
placed  horizontally  with  the  convex  side  up  over  the 
mandrel  on  a  surface  plate,  and  the  babbitt  poured 
through  holes  left  in  the  casting  for  the  purpose.  For 
very  large  bearings,  the  shells  are  more  conveniently 
placed  concave  side  up  and  the  ladle  moved  along  the 
edge  of  the  shell  as  the  babbitt  is  poured. 

Babbitt,  especially  the  lead  base  alloy,  is  weak 
while  hot  and  bearings  must  not  be  roughly  handled 
or  thrown  about  w'hile  the  lining  is  cooling.     If  the 
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FIG.    5 — M.^NDRELS    FOR   B.\BBITTIXG    SPLIT    BE.\RIXGS 

Showing   provision    for   oil    rings   and   grooves   and    the 
completed  bearing. 

bearings  receive  rough  treatment  before  the  babbitt  is 
cool,  anchors  are  liable  to  be  broken  off  and  the  lining 
loosened. 

FINISHING 

The  finishing  of  bearings  is  a  well  known  problem 
of  ordinary  machining  and  fitting  which  has  been  fully 
described  and  discussed  elsewhere  and  which  need  not 
be  gone  into  in  detail  here.  Metal  fins  and  burs  are 
readily  removed  with  an  ordinary  draw  knife  or  spoke 
shave  or  with  a  hot  soldering  iron.  Lubrication  holes 
are  cleaned  out  with  a  hot  iron,  and  all  large  bearings 
are  thoroughly  peened  before  machining.  Oil  holes 
are  generally  cut  in  the  surface  of  the  finished  bearing 
by  hand  (except  in  die  cast  bearings)  because  in  most 
cases  the  babbitt  lining  is  too  thin  to  allow  casting  the 
grooves. 

REP.MR    WORK 

The  easy  working  qualities  of  babbitt  make  it 
especially  suitable  for  repair  jobs  in  the  field.  A 
good  tin  base  alloy,  on  account  of  its  ability  to  stand 
more  mistreatment  than  a  lead  base  alloy,  should  gen- 
erallv  be  used  for  this  work.  \Mien  no  equipment  is 
at  hand  and  the  cost  of  building  a  mandrel  is  prohib- 
itive or  the  time  required  to  build  it  cannot  be  spared, 
successful  work  can  be  done  with  a  mandrel  of  sheet 
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iron.  Paper  may  be  used  for  bore  allowances,  asbestos 
cord  to  provide  cast  oil  grooves,  and  clay  and  friction 
tape  to  seal  up  openings.  It  is  even  permissible  in 
some  cases  to  pour  the  babbitt  into  the  properly  pre- 
pared bearing  shells  with  the  journal  in  place,  but  the 
housing  cover  should  be  heated  and  clamped  in  posi- 
tion to  heat  up  the  housing  and  axle.  All  bearings 
should  be  poured  at  once  and  great  care  taken,  espe- 
cially with  small  journals,  to  prevent  springing. 

The  babbitt  may  be  melted  in  the  pouring  ladle 
over  an  open  fire  and  the  temperature  assumed  as  right 
when  a  pine  stick  used  for  stirring,  chars  but  does  not 
ignite.  The  mandrel  temperature  is  right  when  water 
evaporates  rapidly  from  its  surface  without  sput- 
tering. 


SUMMARY 

The  points  to  which  attention  must  be  given  to 
babbitt  bearings  successfully  are:  Choose  a  good, 
properly  blended  alloy  made  from  pure  metals ;  melt  it 
slowly,  thoroughly,  and  without  overheating  and  keep 
it  at  a  constant  temperature  while  working;  have  the 
surfaces  of  the  shell  dry  and  clean ;  warm  them  to  the 
proper  temperature,  and  if  of  bronze,  tin  them  as  well ; 
have  the  mandrel  correctly  leveled,  lined  and  cen- 
tered, and  likewise  at  the  proper  temperature ;  stir  the 
metal  thoroughly  before  pouring  and  dip  it  from  the 
bottom  of  the  pot,  pouring  evenly  and  steadily  with- 
out surging,  splashing  or  pocketing  air;  machine,  peen, 
scrape,  and  fit  the  bearing  accurately  to  the  journal ; 
and  have  oil  holes  open,  oil  grooves  clear,  and  sur- 
faces free  from  sand,  dirt  or  babbitt  chips. 


Elements  of  Bearing  Design  and  Lubrication 

William  Foot 
Power  Engineering  Department,  Westinghouse  Electric  &  Mfg.  Company 


STRANGE  as  it  may  seem,  the  action  of  oil  in  a 
bearing  was  unknown  until  about  1885,  when 
Beauchanip  Tower,  at  the  request  of  the  Re- 
search Committee  of  the  British  Institute  of  Mechan- 
ical Engineers,  made  his  famous  experiments.  Since 
Tower's  experiments  others  have  followed  with  much 
valuable  and  interesting  data,  the  most  famous  being 
Prof.  O.  Reynolds,  who  made  a  mathematical  analysis 
of  this  subject.*    From  these  later  experiments,  if  we 


ings   and   enable   him   to  make   applications   of   these 
principles  to  meet  his  needs. 

Tower  found  by  means  of  drilled  holes  and  pres- 
sure gauges  that,  with  a  journal  running  in  a  sleeve 
bearing,  the  journal  was  entirely  oil  borne  and  gave 
a  record  of  pressure  like  that  shown  in  Fig.  i  ;  that  the 
shaft  takes  an  eccentric  position  in  the  sleeve  as  shown, 
the  pressure  reaching  a  ma.ximum  at  A  and  becoming 
negative  at  B;  and  that  in  the  direction  parallel  with 


FIG.    I — DIAGRAM    SHOVVI.VG  ULSTKIBUTION   OF   OIL  PRESSURE   ABOUT 
THE  CIRCUMFERENCE  OF  AN  OIL   SUPPORTED  JOURNAL 

exclude  all  other  fluids  and  confine  ourselves  to  the 
action  of  oil  as  a  lubricant,  in  cylindrical  bearings  of  a 
certain  definite  type,  and  extend  its  use  only  to  the 
limits  usually  employed  in  stationary  apparatus,  cer- 
tain simple  relations  can  be  brought  out  that  materially 
assist  the  engineer  in  designing  highly  efficient  bear- 


♦Philosophical  Transactions,  Vol.  177. 


FIG.    2 — OIL   PRESSURE    UISTRIBUTION    CURVE    FOR    A    SPLIT    BF..\RIN3 

the  shaft,  the  pressure  is  maximum  at  the  center  and 
minimum  at  the  ends  of  the  bearing. 

Let  us  call  the  side  C  of  the  wedge  shaped  sup- 
porting film  the  entrance  and  the  side  D  the  exit,  and 
apply  these  same  conditions  to  a  split  bearing  Fig.  2 
with  the  entrance  at  C  and  the  exit  at  D.  To  start  the 
journal  from  rest  with  a  bearing  as  shown  in  Fig.  2, 
the  coeflicient   of    friction    will  be  about   0.4;    with  a 
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small  amount  of  motion  the  co-efficient  drops  quickly 
to  0.05  and  less.  This  continues  until  at  a  velocity  of 
about  60  or  70  feet  per  minute,  it  drops  again  to  about 
0.005  or  less  and  may  go  as  low  as  o.ooi,  depending 
upon  conditions ;  that  is,  it  may  be  only  1/400  of  that 
required  for  starting. 

With  the  understanding  that  no  attempt  is  being 
made  to  explain  the  laws  of  fluid  friction,  an  analogue 
may  be  used  to  illustrate  the  three  conditions  of  fric- 
tion, which  for  convenience  will  be  named  as  follows : 
I — Static  friction  is  represented  by  a  condition  of  rest, 
without  oil  between  the  bearing  surfaces.    The  torque 
required  is  that  which  is  just  sufficient  to  start  motion 
from  rest. 
2 — Solid  friction  occurs  during  a  time  of  low  velocity;  it 
is  represented  by  continuous  motion  on  a  solid  sup- 
porting film. 
3 — The  Perfect  Film  occurs  at  a  higher  velocity  and  is 
represented  by  continuous  motion  on  a  different  kind 
of  supporting  film. 
A  few  sheets  of  stift'  paper  and  a  block  of  rubber 
can  be  used  to  illustrate  this  as  shown  in  Fig.  3     At 
slow  speed  the  sheets  will  slide  on  one  another,  but  at 
increased  speeds  the  sheets  will  roll  over.    For  ex- 
periment they  can  be  bent  to  the  shape  shown.     The 
speed  at  which  the  film  changes  between  solid  and 
perfect  firm  cannot  be  determined  accurately,  but  with 
bearing    pressures    used    in    electrical    apparatus    this 
change  may  occur  between  60  and  120  feet  per  minute 
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FIG.    3 — AN    AXALOCY    OF    THE    PHENOMENON    OF    FLUID    FRICTION 
IN  THE  SHAPE  OF  A  BLOCK   OF  RUBBER  AND   SHEETS  OF  PAPER 

journal  speed.  Electrical  apparatus  with  few  excep- 
tions operates  at  journal  speeds  between  800  and  2  000 
feet  per  minute.  Therefore,  in  this  article,  only  the 
third   condition,   perfect   film,   will  be   considered. 

By  referring  to  Fig.  4,  which  shows  the  results 
of  Lasche's  experiments*  (we  may  here  remark  that 
the  coefficient  is  rather  high  and  would  have  been  lower 
with  a  lower  point  of  entrance),  and  keeping  within 
the  limits  of  speed  and  pressure  usually  employed,  a 
few  simple  relations  are  obtained  that  are  reasonable 
enough  to  permit  their  application  to  conditions  or- 
dinarily met  with  in  practice. 

I — At  the  same  speed,  the  pressure  multiplied  by  the  co- 
efficient of  friction  equals  a  constant. 
2 — For  the  same  pressure  the  coefficient  of  friction  is  ap- 
proximately constant  for  the  range  of  speeds  used. 
3 — Within  the  usual   working  limits   the  loss  will  be  in 
direct  proportion  to  the  speed. 
Let  T  =  Foot-pounds  torque  of  bearing  friction. 
W  =  Load  in  pounds. 
!>■    =  The  coeflScient  of  friction. 
D  =  The  diameter  of  the  journal  in  inches. 
N  =  Revolutions  per  minute. 


Then  T  =  DyW       , 
-04-  and 


TN 


5250 


=  D  X  N  X  constant  =  velocity 


Horse-power  loss  : 

X  constant. 

From  tliis  it  will  be  seen  that  the  loss  is  approximately  in 
proportion  to  the  speed. 

*0.  Lasche,  Berlin.     "Bearings  for  high  speed."    English 
translation.     Pub.  Trac.  and  Transmission.    London,  1903. 


An  apiilication  of  these  principles  can  be  shown 
in  connection  with  Fig.  5,  which  shows  a  shaft  with 
two  rotating  elements,  making  500  revolutions  per 
minute,  the  total  load  being  35  400  pounds. 

The  reaction  at  A  to  the  bearing  shoulder  with  a 
10  by  25  inch  bearing  gives  a  stress  on  the  outer  fiber 


\ 

\ 

\ 

e 

\ 

i 

\ 

5 

5<ioi 

\l 

-AiudWy  cirve  tJ*«]  rob  ■// 

I  COBS  tB( 

Aetu  I  Te»t 

Curve 

-^ 

:^ 

-., 

-J 

~~~~ 

1^ 

'-^ 

\ — 

'' 

lb 

V 

■i>         1         SO 
Prc«.  rr  in  [!b>.  perj  Sq,  Ij 

1  0 

1 

0 

-0.01 

1 

So05 

.hitnil  ikt  CuAe 

^^ 

^ 

-^^^ 

— = 







^A  1  tiLar.  Cnrv^a  -  a  cnutut 

l 

k  " 

low           5404 

1     Vflofily  01 

30OO        1        4O00        ;        5000        . 

|ouro^mFcirtp.riju:«t<|            I            [ 

FIG.    4— CURVES    SHOWING    THE    EFFECTS    OF    V.\RIATIONS    IN    PRES- 
SURE  AND  VELOCITY   ON   THE   COEFFICIENT   OF    FRICTION 

In  the  upper  curve  the  velocity  was  maintained  constant 
at  I  970  ft.  per  min.,  and  in  the  lower,  the  pressure  was  main- 
tained ccnstant  at  92.25  lbs.  per  sq.  in.  In  each  case  the  tem- 
perature of  the  bearing  was  50  degrees  C,  the  bearing  being 
flooded  with  1.4  pints  of  oil  per  minute. 

at  the  neck  of  the  journal  of  2  575  pounds,  calculated 
as  follows : 

Reaction   x   y^   bearing   length   =   fibre   stress   x  section 

modulus.* 

pi                   —   reaction  x   }^   bearing  length  _  20200 

Section  modulus  0.098 

X  12.5  . 

X  iqS    =  2575  pounds. 

At  the  neck  each  outer  fiber  has  an  alternate  com- 
pressive and  tensile  stress  applied,  equal  to  2  575  lbs. 
per  sq.  in.,  and  this  cycle  is  repeated  500  times  per 
minute.  From  this  point  of  view  it  looks  as  if  the  first 
thing  to  decide  in  the  choice  of  a  bearing  is  the  selec- 
tion of  a  working  neck  stress  rather  than  the  oil  pres- 
sure per  square  inch.  This  stress  passes  through  a 
complete  cycle  every  revolution ;  therefore  it  should  be 


FIG.    5 — WEIGHT  DISTRIBUTION   ON   THE   BE.\RINGS   OF  A    I  000    K\V, 
500    R.P.M.    TWO-BEARING    M0T0R-GENER.\T0R    SET 

low  for  high  speeds  and  may  be  higher  for  lower 
speeds.  There  may  be  other  stresses  to  take  into  con- 
sideration such  as  tension,  bending  due  to  belts,  crank 
action,  etc. ;  and  also  the  bearing  loss  is  about  in  direct 
proportion  to  the  bearing  diameter  for  the  same  speed. 
Therefore,  in  the  choice  of  a  bearing  there  is  an  oppor- 


*The  section  modulus  for  a  round  section  is  g^-^ 
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tunity  for  good  judgment  wiiich  should  be  based  on 
actual  data  and  experience. 


DESIGN  OF  BEARINGS. 


When  torque  is  applied  to  a  shaft  and  the  journal 
begins  to  move,  the  bearing  should  be  so  supported 
that  it  will  adjust  itself  to  the  journal  and  equalize  the 


FIG.    6 — ASSEMBI.KD    VIEW    OF    MOTOR-GF.XERATOR    SET    SHOWN 
IX   FIG.   5 

load  over  the  entire  bearing,  and  thus  give  an  oil  film 
of  uniform  thickness  in  a  line  parallel  with  the  shaft. 
Small  bearings,  or  self-contained  outfits  built  with 
special  tools  and  fixtures  may  not  require  this  self 
aligning  feature,  the  limits  used  being  accurate  enough 
to  give  uniform  alignment.  But  larger  outfits,  built 
from  a  number  of  assembled  parts  should  embody  this 
self-aligning  principle. 

Years  ago  engine  builders  adopted  a  ball  and 
socket  seat  for  this  purpose.  Some  manufacturers  pre- 
fer that  design  today,  and  for  certain  classes  of  appar- 
atus there  may  be  need  for  some  such  arrangement. 
But  for  the  small  limits  of  deflection  and  the  higher 
speeds  used  in  electrical  apparatus  today,  a  simpler 
arrangement  is  used,  as  shown  in  Fig.  /.  An  annular 
ring  is  turned  in  the  center  of  the  bearing  shell  for 
about  one-fifth  of  its  length,  and  this  rests  upon  a  cor- 
responding support  in  the  housing;  the  bearing  ring 
extends  down  over  the  sides  of  the  support  to  take  up 
the  thrust  due  to  end  play.  This  is  a  very  ettective 
and  simple  arrangement  and  is  the  type  of  support  re- 


FIG.    7 — SECTIONS    SHOWING    PRINCIPLES    OF    CONSTRUCTION    IN    .\ 
MODERN    TYPE   OF  BE.\RING 

ferred  to  when  self  aligning  bearings  are  specified. 
The  other  type  is  used  for  some  designs,  when  larger 
limits  of  self  alignment  are  necessary  and  is  known 
as  a  spherical-seat  self -aligning  bearing. 


APPLICATION  OF  THE  LLBKICANT 

Up  to  a  few  years  ago  many  of  the  methods  of 
applying  the  lubricant  were  wrong,  both  in  manner 
and  point  of  application.  Oil  grooves  were  frequently 
cut  in  the  zone  of  maximum  pressure.  This  was  evi- 
dently wrong,  and  when  the  bearing  heated  more 
grooves  were  cut,  which  too  frequently  made  matters 
worse.  Many  dififerent  schemes  were  used  to  feed  the 
oil  and  nearly  all  were  based  on  the  minimum  limit  of 
oil  rather  than  the  maximum  supply.  There  was  good 
logic  in  this  for  nearly  all  lubricants,  once  used,  were 
then  a  total  loss,  whereas  now,  owing  to  improved  oil 
protection,  the  oil  used  is  used  over  continuously  with- 
out loss.  The  dififerent  oil  feed  devices  consisted  of 
drop  feeds,  capillary  wire,  wicks,  wipers,  vibrating 
needle  feeds  and  compression  grease  cups.  The  patent 
office  record  from  the  middle  of  the  last  century  con- 
tains a  wonderful  history  of  lubricating  devices. 
Sometimes  there  is  need  on  special  applications  for 
one  or  the  other  of  these  devices  but  to  tickle  a  20- 
inch  bearing  with  a  vibrating  needle  feed  would  look 
strange  today. 

About  i860  a  ring  lubricated  bearing  was  used  by 
Benjamin  Hick  &  Son,  Bolton,  England.  This  is  shown 
in  Fig.  8.  The  idea  was  a  good  one  but  its  applica- 
tion was  unfortunately  wrong.   The  lower  bearing  was 


FIO.  8 — ORIGI.NAL  RING-LUBRICATED  BE.ARING  AS   USED  IS    1860 

cut  through  the  center,  in  other  words,  they  put  the  oil 
groove  in  the  lower  bearing.  Instead  of  the  oil  passing 
from  the  ring  to  the  shaft,  then  to  the  entrance  trough 
at  the  side  of  the  bearing,  the  oil  passed  entirely  over 
the  shaft,  the  only  oil  that  got  into  the  bearing  being 
that  taken  laterally,  due  to  suction  at  the  negative 
point.  However,  this  was  some  improvement  over 
previous  devices  since  it  paved  the  way  to  the  em- 
ployment of  a  larger  oil  cellar  and  a  more  liberal  sup- 
ply of  oil.  Since  then  many  have  tried  to  replace  the 
oil  ring  by  different  types  of  chain  looped  around  the 
shaft,  spirals  of  spring  wire  and  other  methods,  but 
for  all  around  dependable  duty  the  oil  ring  has  dem- 
onstrated its  ability  to  do  the  work  and  has  now-  be- 
come a  standard  for  all  stationary  electrical  apparatus 
and  also  for  most  of  the  machinery  of  commerce. 

When  bearings  are  fed  by  gravity  or  oil  pump 
systems,  the  oil  feed  pipes  pass  through  the  side  of  the 
bearing  into  the  entrance  trough  and  the  overflow  or 
return  pipe  is  set  to  maintain  a  fixed  operating  oil 
level.  The  oil  rings  should  be  used  and  an  oper- 
ating oil  level  maintained  at  all  times  regardless  of 
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the  type  of  oil  feed.  This  rule  is  imperative.  !Many 
reported  bearing  troubles  are  due  to  the  neglect  of  this 
feature. 

OIL  PROTECTION 

Before  the  advent  of  electrical  niachiiicry,  lit- 
tle attention  was  paid  to  oil  protection  and  the  recov- 
ery of  used  oil  was  rather  rare.  A  gang  of  wipers 
went  over  the  machinery  and  wiped  up  the  oil.  The 
familiar  oil  troughs  and  grooves  for  collecting  and 
draining  the  oil  were  then  quite  a  common  feature  in 


FIGS,    g    AND    10 — DI.\GR.^MS    SHOWIXG    THE    .'iPPEAR.VNCE    OF    THE 
OIL   WHEN    STATIO.NARY   AND   IX    ACTION    RESPECTIVELY 

machine  design.  It  was  common  practice  to  speak  of 
a  bearing  taking  so  many  pints,  quarts  or  gallons  of  oil 
per  day  in  the  same  manner  that  the  locomotive  en- 
gineer now  speaks  of  the  oil  used  per  trip. 

When  engine-driven  electric  units  came  into  use. 
most  of  the  insulation  break  downs  were  due  to  in- 
efficient oil  protection  on  the  engine  bearings.  Some 
engine  builders  today  do  not  give  the  matter  sufficient 
attention.  The  fact  that  a  bearing  is  poorly  protect- 
ed against  escaping  oil  may  not  be  so  apparent  at  slow 
speeds  until  the  daily  accumulation  is  noticed,  but 
with  the  high  speeds  now  used  on  electrical  apparatus, 
if  this  were  not  properly  guarded  against,  the  amount 
of  oil  thrown  out  even  in  a  few  minutes  would  be 
quite  a  serious  matter.  The  development  of  efficient 
systems  of  oil  protection  was  due  mainly  to  electrical 


Oil  Thrower 


FIG.    II — ACTION  OF  THE  OIL   FILM    AT   THE   SHOULDER   END   OF 
THE  JOURNAL 

engineering  firms  with  whom  better  oil  protection  was 
a  matter  of  prime  necessity.  A  careful  study  was 
made  of  the  action  of  the  oil  at  both  sides  and  ends  of 
the  bearing,  a  few  of  the  results  of  which  are  herein 
described. 

When  standing,  the  condition  in  a  bearing  housing 
will  be  similar  to  that  shown  in  Fig  9,  with  the  oil  ring 
on  the  shaft  and  extending  down  below  the  oil  level. 
Assume  that  the  side  walls  are  close  to  the  ring  as 


shown  in  Fig.  9.  As  the  journal  speed  increases  on  the 
ascending  side  of  the  oil  ring  the  oil  divides  into  two 
streams,  as  shown  in  Fig.  10,  one  upward  with  the 
ring,  the  other  over  the  oil  surface  toward  the  side 
wall.  If  the  speed  is  high  enough  the  oil  runs  up  the 
side  wall  into  the  cap  and  from  there  sends  a  solid 
stream  of  oil  to  the  oil  ring;  the  space  between  the 
ring  and  ascending  oil  stream  is  filled  with  a  rotating 
oil  film.  At  the  descending  side  of  the  oil  ring  similar 
conditions  will  be  noted,  but  reversed,  the  stream  pass- 
ing from  the  bearing  to  the  oil  ring  and  the  film 
bounded  by  the  stream,  the  oil  ring  and  the  journal. 
When  the  oil  ring  wobbles,  the  stream  misses  the  ring 
and  falls  on  the  cap.  This  action  on  both  sides  of  the 
revolving  oil  ring  will  keep  the  bearing  split  supplied 
with  oil  which  will  be  pumped  around  the  split  to  the 
shaft  and  from  there  thrown  out  and  carried  by  air 
currents  into  the  rotating  element. 

To  prevent  action  similar  to  that  just  described, 
an  oil  guard  is  cast  in  the  upper  half  of  the  bearing 
extending  below  the  bearing  split  and  enclosing  the  oil 
ring.    The  housing  walls  are  made  straight,  or  at  right 


FIG.     12 — A    MODERN    TYPE    OF    PILLOW    BLOCK     SHOWING    BE.\RING 
AND  OIL  RINGS 

angles  to  the  oil  surface,  making  a  complete  baffle  at 
that  point.  This  guard  over  the  ring  and  vertical  side 
wall  is  shown  in  Fig.  7.  At  the  journal  shoulder  with 
the  end  play  open  and  the  journal  running,  the  oil  be- 
tween the  bearing  and  the  journal  shoulder  is  revolv- 
ing in  spiral  lines.  When  the  end  play  closes  these 
lines  loop  and  shoot  out  drops  of  oil  parallel  with  the 
shaft.  This  spraying  parallel  with  the  shaft  can  be 
caught  and  returned  to  the  oil  cellar  by  an  oil  thrower 
on  the  shaft,  surrounded  by  an  oil  guard,  as  shown 
in  Fig.  II.  This  is  an  effective  arrangement  but  is  a 
refinement  hardly  necessary  for  small  or  medium  sized 
bearings,  the  loose  guard  being  therefore  used  only  on 
large  bearings.  For  bearings  of  small  or  medium  size 
the  oil  thrower  is  turned  in  the  shaft.  To  prevent  the 
end  action  of  the  oil,  as  shown  in  Fig.  11,  the  oil  de- 
livery to  the  shoulder  is  cut  down  by  means  of  a 
groove  in  the  bearing  opening  into  the  oil  cellar.    This 
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is  also  shown  in  Fig.  13,  which  also  exhibits  two  of  the 
different  types  of  end  protection  used. 

As  an  example  of  efficient  oil  protection  may  be 
mentioned  a  25  inch  water  cooled  bearing  used  daily 


FIG.    13 — TYPES   OF   END   PROTECTION    FROM    OIL 

in  rolling  mill  work  which  holds  about  three  barrels  of 
oil.  with  a  shaft  making  150  to  175  revolutions  per 
minute,  and  which  today  uses  the  oil  put  in  at  the  time 
of  installation  about  six  years  ago.  The  oil  is  taken 
out  occasionally,  filtered,  and  put  into  use  again.    The 


a  point  slightly  below  the  point  of  entrance,  but  as  it 
requires  special  drilling  for  both  bearing  sleeve  and 
housing  and  is  a  point  rather  difficult  of  access,  espe- 
cially for  a  thermometer,  this  temperature  is  seldom 
taken  except  for  purposes  of  research.  For  a  hori- 
zontal bearing  the  temperature  rise,  when  given,  means 
the  temperature  taken  when  running  at  the  bearing 
shell  near  the  oil  ring. 

Bearings  14  inches  in  diameter  and  larger  are  usu- 
ally provided  with  water  circulation,  as  shown  in  Fig. 
14.  At  lower  speeds  the  water  circulation  may  not  be 
necessary.  The  bearing  may  be  kept  within  reasonable 
temperature  limits  by  means  of  surface  radiation  only, 
but  if  particles  of  dirt  or  scale  accumulate  at  the  en- 
trance they  may  cut  off  part  of  the  oil  supply  or  get  into 
the  film.     If  this  occurs  the  water  does  not  ailow  the 


FIG.    14 — FLYWHEEL    MINE    HOISTING    SET 

Showing  method  of  piping  oil  and  water  to  large  center  bearing. 


bearing  gives  no  indication  of  creeping  oil,  and  both 
the  shaft  and  bearing  at  the  split  are  bone  dry. 

BE.\RING  LOSSES  AND  TEMPERATURE 

Bearing  losses  are  dissipated  by  methods  similar 
to  that  used  on  electrical  apparatus,  usually  by  radia- 
tion and  sometimes,  when  necessarv,  bv  means  of  oil 


temperature  to  rise  high  enough  to  fuse  the  babbitt,. 
The  particles  are  forced  out  and  the  bearing  usually 
recovers  itself  without  serious  damage  other  than  a 
few  scratch  marks.  \\'ater  cooling  also  serves  as  a 
protection  during  the  instant  of  starting  or  stopping, 
when  the  oil  film  is  broken  and  there  is  in  consequence 


or  water  circulation.     The  highest  temperature  is  at      a  momentary  high  coefficient  of  friction. 


Application  of  Motors  to   Hardinge   Mills 


W.   A. 
Electrical 
Copper  Range  Consolidated 

IN  the  various  ore  dressing  plants  producing  copper 
concentrates,  tube  mills  have  lately  been  exten- 
sively introduced  for  the  regrinding  of  the  mid- 
dlings or  small  particles  of  rock  containing  consider- 
able copper.  The  machines  used  for  the  purpo>e  are 
of  several  different  designs,  the  favorite  in  the  Michi- 
gan copper  country  being  the  Hardinge  style.  These 
mills  were  originally  designed  for  belt-driving,  the 
mill  itself  being  fitted  with  a  cast  spur  gear  meshing 
into  a  cast  pinion,  the  pinion  shaft  also  carrying  a 
belt  pulley.  The  gear  reduction  on  these  mills  was 
approximately  seven  to  one. 

About  two  years  ago  several  of  the  cimpanies  in 


Ranki.n, 
Engineer, 
Company,   Houghton,   Mich. 

sure  of  obtaining  ample  starting  torcjue,  the  few  motor- 
driven  mills  in  operation  had  been  supplied  with  75 
liorse-jiower  squirrel-cage  motors  fitted  with  tiie  usual 
apparatus  for  starting  at  reduced  voltage.  As  this 
method  (jf  operation  was  productive  of  a  lower  power- 
factor  than  desirable  and  as  the  starting  torque  of  the 
mills  from  actual  experiment  was  so  near  that  of  the 
full-load  running  torque,  the  experiment  was  made  of 
substituting  a  50  horse-power  squirrel-cage  motor  for 
the  regular  75  horse-power  size  and  starting  up  this 
smaller  motor  under  full  voltage.  This  was  carried 
out  at  the  stamp  mill  of  the  Winona  Copper  Company 
and    ])ro\ed    so    satisfactory    that    it    has    become    the 
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the  Michigan  district  decided  to  add  largely  to  their 
regrinding  etiuipment.  The  Copper  Range  Consoli- 
dated Companv  installed  44  Hardinge  machines  in 
their  stamp  mills,  28  being  eight  feet  in  diameter,  and 
16  six  feet  in  diameter.  In  installing  these  machines 
it  w-as  found  considerably  cheaper  to  use  individual 
motor-drive,  rather  than  to  install  shafting  and  large 
motors  for  grouj)  belt  driving.  There  was  also  an  ad- 
vantage in  haxing  a  motor  for  each  separate  unit  both 
for  operation  and  repair,  and  a  material  saving  in 
power,  due  to  the  elimination  of  all  shafting  and  belts. 
Although  it  had  been  long  known  that  the  power 
demand  for  an  eight-foot  mill  having  a  30-inch  cylin- 
drical section  was  approximately  50  horse-power,  to  be 


standard  method  "f  starting  tube  mill  motors  in  this 
district. 

The  mills  as  installed  by  the  Copper  Range  Com- 
])any  were  redesigned  and  built  in  their  own  shops, 
cut  steel  herringbone  gears  having  a  speed  reduction 
of  18.7  to  one  being  substituted  for  the  cast  spur  gears 
used  in  the  initial  installation.  Connection  between 
the  motor  and  pinion  shaft  was  made  by  a  flexible 
coupling.  The  motors  used  were  of  the  Westinghouse 
CS  tvpe  having  interchangeable  split  bearing  brack- 
ets and  bearing  shells.  Both  sizes  of  motors  have  the 
same  diameter  of  shaft,  and  both  sizes  are  wound  for 
14  poles,  which  materially  reduces  the  number  of 
spare  parts  necessary  to  carry  in   stock   for   repairs. 
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The  power  supply  is  tlirce-phase,  60  cycle,  2  200  volts. 
All  motors  have  open  slots  and  form-wound  impreg- 
nated coils,  the  ends  of  the  coils  being  securely  fast- 
ened to  a  steel  ring  to  diminish  vibration  due  to  ex- 
cessive starting  currents. 

In  wiring  up  the  stamp  luilis  for  these  installa- 
tions, wherever  possible  the  current  was  carried  on 
insulated  bus-bars  through  the  building,  near  or  on 
the  ceiling,  the  taps  to  the  individual  motors  being 
three  core  wire  armored  cable.  \'arnished  cambric  in- 
sulation for  5  000  volts  is  used  throughout.  Where  it 
was  necessary  to  remove  the  armor  for  taps  or  splices, 
after  insulating  the  conductors,  they  were  served  with 
a  ta;)ing  of  sheet  lead  which  was  electrically  connected 
to  the  grounded  armor  of  the  cable.  For  controlling 
the  individual  motors  a  three-pole  single-throw  oil 
switch  having  series  overload  coils  and  low  \oltage  re- 
lease was  mounted  on  each  motor  foundation  or  on  the 
adjacent  columns  :  where  the  switch  was  mounted  on 
concrete  its  frame  was  thoroughly  grounded  as  were 
all  the  motor  frames.  The  full-load  current  of  the 
50  horse-pow-er  motors  being  about   13  amperes  and 
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FIG.    2 — TEST    OX    .-W    EIGHT    FOOT    HARDIXC.K    MILL 

the  Starting  current  90  amperes  made  it  difficult  to 
adjust  the  dashpots  on  the  series  coils  of  the  oil 
.switches,  to  give  protection  during  normal  operation 
and  not  to  operate  during  the  period  of  starting.  The 
dashpots  were  finally  made  inoperative  and  fiber 
finger  pieces  attached  to  their  stems  to  allow-  manual 
holding  in  of  the  switch  during  the  period  of  accelera- 
tion. 

The  larger  mill  weighs  empty  about  ten  tons ;  the 
charge  of  pebbles,  sand  and  water  approximately  the 
same.  The  period  of  acceleration  of  this  mass  is  ap- 
proximately four  seconds,  and  during  two  years  of 
operation  under  these  conditions  there  have  been  no 
failures  of  motors  or  switches  chargeable  to  this 
method  of  starting.  \\'here  it  was  necessary  to  install 
new  shafting  for  driving  concentrating  tables  and 
centrifugal  sand  pumps,  this  was  also  motor  driven, 
using  50  horse-power  motors  which  had  the  same 
starting  equipment  as  did  the  tube  mill  motors. 

The  Copper  Range  stamp  mills  are  three  in  num- 
ber located  on  the  shore  of  Lake  Superior,  and  are 
spaced  from  one  to  one  and  a  half  miles  apart.  The 
total  number  of  motors  installed  in  the  three  mills  is 


thirty-one  50  hp  and  eighteen  25  hp  of  which  ap- 
proximately I  600  hp  are  in  operation  at  one  time. 
These  are  started  up  about  noon  Monday  and  run 
continuously  until  the  next  .'Sunday  morning. 

I'"or  the  power  supply,  a  i  500  k.v.a.  low  pressure 
steam  turbine  was  installed  in  the  stamp  mill  at  Red- 
ridge,  where  there  were  available  between  40000  and 
45  000  pounds  of  exhaust  steam  per  hour,  from  the 
operation  of  six  steam  stamps  and  one  compound  en- 
gine :  the  turbine  being  also  supplied  with  a  coimec- 
tion  for  high  pressure  steam.  The  exhaust  from  the 
turbine  passes  to  an  8  750  square  foot  single-pass  sur- 
face condenser  having  tubes  one  inch  in  diameter  by 
16  feet  10  inches  long.  The  circulating  water  con- 
sists of  the  water  subsequently  used  in  the  stamp  mill, 
amounting  to  about  12  000  gallons  per  minute ;  it 
flows  through  the  condenser  under  a  gravity  head 
varying  from  12  to  20  feet,  the  friction  loss  in  the 
tubes  being  less  than  two  feet.  As  the  vertical  dis- 
tance from  the  under  side  of  the  condenser  to  the 
basement  floor  was  35  feet,  the  condensate  was 
handled  through  barometric  legs  of  wrought  iron 
pipe  discharging  into  a  concrete  hot  well  in  the  base- 
ment, making  a  condensate  pump  unnecessary.  Air. 
and  other  non-condensible  gases  are  extracted  by  a 
steam-driven  dry  air  pump  having  a  30-inch  by  18- 
inch  stroke  air  cylinder.  This  installation  operates 
continuously  with  a  vacuum  of  29  inches,  referred  to 
a  30-inch  barometer,  and  is  handled  by  one  man  on 
each  shift,  who  is  also  in  charge  of  the  switchboard. 
This  is  of  the  usual  self-contained  type  having  oil 
switches  mounted  on  the  backs  of  the  panels,  and 
consists  of  one  generator  and  four  feeder  panels.  The 
voltage  is  controlled  by  a  Tirrill  regulator  which  oper- 
ates either  on  the  motor-driven  exciter  or  on  the  one 
direct-connected  to  the  turbine.  Two  feeder  panels 
control  some  600  hp  of  motors  in  this  mill :  a  third 
one  supplies  current  for  the  motor-driven  exciter, 
mill  and  town  lighting,  and  the  fourth  panel  feeds  a 
I  500  kw  sub-station  where  the  voltage  is  stepped  up 
to  30000  for  transnnssion  to  the  other  two  stamp 
mills  and  eventuallv  some  15  miles  to  the  mines. 

All  three  sub-stations  are  alike  and  built  of  con- 
crete block.  They  have  concrete  floors  and  rein- 
forced concrete  tile  roofs  laid  on  steel  purlins.  Each 
suljstation  has  a  i  500  kw  equipment  of  transformers 
to  take  care  of  the  future  installation  of  a  turbo- 
alternator  of  similar  capacity.  .\11  switching  is  done 
on  the  low-tension  side  of  the  transformers :  knife- 
blade  disconnecting  switches  only  being  used  on  the 
high-tension  wires.  Each  sub-station  has  the  usual 
electrolytic  lightning  arresters  on  the  30  000  volt  side ; 
one  also  being  equipped  with  low  equivalent  arresters 
on  the  low-tension  side,  it  having  a  considerable 
amount  of  exjxjsed  line  wire. 

The  high-tension  line  is  of  Xo.  2  B.  &  S.  hard 
drawn  solid  copper.  Poles  are  Tripartite  steel,  spaced 
300  feet  apart  qncl  are  set  in  concrete ;  the  average 
height  being  33   feet'  from  the  ground  to  the  top  of 
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the  pole.  The  cross  arms  are  steel  angles,  arranged 
to  carry  three  wires  on  each  side  of  the  pole  in  a  42- 
inch  delta.  A  galvanized  iron  plate  two  feet  square 
and  one-quarter  inch  thick  having  a  Xo.  2  B.  &  S. 
copper  wire  riveted  and  soldered  to  it  was  put  in  the 
bottom  of  each  pole,  the  wire  leading  up  through  the 
concrete  and  clamped  under  one  of  the  bolts  of  the 
pole  above  the  ground. 

A  No.  30  B.  W.  G.  solid  galvanized  steel  ground 
wire  is  clamped  to  the  top  of  each  pole;  40000  volt 


porcelain  insulators  supported  on  steel  pins  are  used 
for  the  line  wires  which  are  held  on  the  insulators  by 
clamps.  At  all  corners  the  line  wires  are  dead-ended 
on  one  16-foot  double  steel  cross  arm  supported  by  two 
poles,  having  head,  back  and  side  guys.  The  ends  of 
the  line  wires,  after  being  attached  to  the  strain  in- 
sulators, are  carried  over  the  cross-arm,  supported 
by  pin  type  insulators,  and  are  connected  by  cast  cop- 
per clamps  to  facilitate  the  opening  of  the  line  wires 
for  testing. 


The  Engineering  Evolution  of  Electrical 

Apparatus -V 

THE  EVOLUTION   OF  THE  POLYPHASE  INDUCTION  MOTOR 

R.  S.  Feicht, 

Manager  of  Engineering, 
Westinghouse  Electric  &  Mfg  Company 


THE  history  of  the  polyphase  induction  motor 
dates  back  to  a  period  between  1885  and  1888, 
when  Nicola  Tesla  and  Galileo  Ferraris  inde- 
pendently conceived  the  ideas  involving  its  fundamen- 
tal principles.  These  fundamental  principles,  briefly 
stated,  are :  First,  that  a  magnet  moving  over  a  con- 
ducting plate  or  surface  e.xerts  a  pull  on  that  plate  or 
surface ;  second,  that  polyphase  alternating  currents 
distributed  in  a  certain  definite  manner  over  a  mag- 
netic structure  produce  the  same  magnetic  effect  as  a 
mechanically  moved  magnetic  field. 

In  the  early  motors  which  Tesla  devised,  adjacent 
poles  around  a  polar  crown  were  excited  by  currents 


limited,  as  is  the  case  with  the  present  one.  The  fun- 
damental principles  of  the  induction  motor  appear  in 
all  of  the  different  types  of  the  machines  which  have 
been  developed  since  the  first  one  was  produced  by  the 
earliest  inventor.  All  of  the  developments  and  im- 
provements which  have  taken  place  in  the  motor  have 
been  along  the  lines  of  perfecting  the  electric  and  mag- 
netic characteristics  of  the  motor  circuits.  In  the  early 
days  when  the  induction  motor  was  in  the  development 
stage,  the  fundamental  principles  of  the  electric  and 
magnetic  circuits,  especially  those  used  in  connection 
with  alternating  currents  were  not  well  understood, 
and  the  partial  failure  of  the  early  Tesla  motors  may 


FIG.    I — .\  CROUP  OF  E.\RLV  TESL.\   MOTORS    (BEFORE   189O.) 

Note  the  construction  of  the  secondaries.     The  primaries  of   these   early   motors    were   of   the   polar    type   as    shown 
diagrammatically  in  Fig.  4. 


successively  displaced  in  phase  so  as  to  produce  the 
effect  of  a  rotating  or  progressive  magnetic  field.  An 
armature  placed  in  a  field  thus  formed  was  provided 
with  windings  closed  upon  themselves  in  order  that 
secondary  currents  might  be  induced  in  them  which 
would  exert  a  pull  the  same  as  when  a  magnet  is  moved 
across  a  conducting  plate. 

The  theory  of  the  magnetic  rotating  field,  as  ex- 
emplified by  the  first  Tesla  motor,  has  been  exhaust- 
ively treated  in  many  electrical  text-books  written 
within  the  past  twenty  years  until  now  it  is  a  matter 
of  common  knowledge  and  therefore  needs  no  fur- 
ther mention  in  an  article  whose  scope  is  necessarily 


be  said  to  have  been  due  almost  entirely  to  the  lack  of 
knowledge  of  the  electric  and  magnetic  conditions  as 
they  are  understood  to-day. 

The  Tesla  motors  built  from  1SS8  to  1890,  as 
shown  in  Figs.  1,  2  and  3,  were  in  general  appearance 
quite  similar  to  the  polyphase  induction  motors  of  ten 
day. 

The  primary  was  stationary  and  formed  of  lami- 
nated iron,  and  quite  frequently  was  of  the  frameless 
type  of  construction.  The  primary  winding,  however, 
instead  of  being  distributed  as  in  modern  motors,  was 
of  the  polar  type,  as  shown  in  Fig.  4.  There  were 
twice  as  many  polar  projections  as  actual  magnetic 
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poles  in  the  machine.  Each  pole  carried  a  coil  and 
coils  on  alternate  poles  were  connected  together  and 
across  one  phase,  the  machines  in  general  being  built 
for  two-i)hase  circuits.     The  secondary  core  of  these 

carh-  imhictinn  motors  was.  in  nearly  all  rnse';,  of  the 


FIG.  2 — TESLA   MOTOR,   PERIOD    l888-l890 

Note  the  frameless  construction  with  p.-iniary  lamination-; 
riveted  together.  Compare  with  the  frameless  construction 
of  to-day,  Fig.  25. 

slotted  construction  and  carried  group  windings,  as  in- 
dicated in  Fig.  4.  The  groups  of  the  dilTerent  phases 
overlaiipcd  each  other  very  much  as  in  the  present 
distributed  primary  windings.  In  addition  to  this,  the 
groups  of  each  phase  were  either  separately,  or  col- 
lectively, short-circuited  on  themselves.  In  many  cases 
an  extra  or  idle  slot  was  used  in  the  secondary  to 
make  the  number  of  secondary  slots  prime  to  the  num- 
ber of  primary  poles,  in  order  to  reduce  the  tendency 
towards  "dead  points,"  or  points  of  lower  torque  than 
the  average ;  in  fact,  the  distribution  of  the  secondary 
winding  was  carried  so  far  that  attempts  were  made 
to  arrange  the  number  of  conductors  in  each  slot  with 
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FIG.   3 — ONE   OF   THE    E.\RLIE,ST    .\PPL1C.-\T10.NS    OF    TESLa's 
INIIUCTION    MOTOR 

the  view  of  providing  the  smoothest  torque  conditions. 
About  1889  or  1S90  a  number  of  motors  of  this 
early  type  were  built  and  put  into  cominercial  service ; 
they  required  for  their  operation  a  polyphase  circuit 
which  necessitated  the  building  of  a  special  generator. 


This  generator,  in  addition  to  being  polyphase,  had  to 
be  compounded  to  take  care  of  the  inductive  load  im- 
posed upon  it  by  the  motor  and  therefore  the  whole 
plant  was  highly  special  and  experimental.  The  fact 
that  the  polyphase  induction  motor  required  a  poly- 
phase circuit  for  its  operation  and  that  there  were  at 
the  time  of  its  introduction  no  such  systems  in  general 
use,  naturally  handicapped  the  motor  from  a  commer- 
cial standpoint.  At  that  time  the  only  commercial 
supply  circuits  were  single  phase  of  15000  to  16  000 
alternations  per  minute  (125  to  133  cycles  per  second). 
This  frequency  in  itself  was  practically  prohibitive  so 
far  as  induction  motor  operation  was  concerned  and 
therefore  acted  as  a  further  handicap.  The  fact  that 
the  induction  motor  did  not  come  into  general  use 
until  a  number  of  years  after  was  due  not  to  any  seri- 
ous shortcomings  of  the  motor  itself,  for,  in  realitj', 
some  of  the  earlier  motors  had  quite  good  operating 
characteristics,  but  to  the  lack  of  satisfactory  supply 
circuits. 

It  will  he  remembered  that  the  early  nineties  was 
a  period  of  financial  stress.  During  this  period 
development  work  was  greatly  retarded.  However,  in 
the  year  1892  the  Company  again  took  up  in  an  ex- 
perimental way  the  development  of  the  polyphase  in- 
duction motor,  but  along  somewhat  different  lines.   By 


FIG.    4 — SKETCH    OF    POLAR    PRIMARY    AND    SLOTTED    SECOXD.\RY    OF 
THE    EARLY   TE.SLA    MOTOR 

(See  rotor  at  left  in  Fig.  i.) 

this  time  the  theory  of  magnetic  proportions  and  mag- 
netic flux  distributions  had  been  more  fully  developed, 
especially  in  connection  with  the  design  of  alternating 
and  direct-current  generators  of  the  slotted  armature 
types.  In  analyzing  the  design  of  the  first  commercial 
Tesla  motors  in  the  light  of  the  experience  gained  from 
later  generator  designs,  the  engineers  of  the  Company 
quickly  recognized  its  inherent  weaknesses  and  saw 
that  the  polar  primary  or  field  construction  was  uneco- 
nomical and  an  unsatisfactory  arrangement  from  a 
magnetic  standpoint.  Following  this  analysis,  it  was 
decided  to  build  an  experimental  motor  with  well- 
distributod  primary  and  secondary  windings,  the  pri- 
mary being  practically  the  same  as  is  found  on  the 
induction  motor  of  to-day.  This  experimental  motor 
was  subjected  to  exhaustive  tests,  using  various  com- 
binations of  the  secondary  windings,  from  individually 
short-circuited  groups  to  complete  short-circuits  of  the 
entire  mass  of  the  end  windings,  thus  forming  in  ef- 
fect the  so-called  squirrel  cage  winding.  The  superi- 
ority of  this  experimental  motor  from  a  magnetic 
standpoint  over  that  with  the  polar  type  of  primarj-. 
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dcHnitely  settled  the  direction  along  which  future  de- 
velopment of  the  induction  motor  should  proceed. 

The  further  development  of  the  polyphase  in- 
duction motor  would  have  been  of  little  avail  under 
existing  handicaps  imposed  by  the  single-phase  high 
frequency  supply  circuits.  This  situation  was  early 
recognized  as  a  controlling  element   in  the  develop- 


FIG.   5 — ROTATING   PRIMARY  OF  TYPK   B   POLYPHASE   INDUCTION 
MOTOR — PERIOD    1893-1897 

meiit  but,  fortunately,  since  iSyo  a  decided  move  had 
been  started  toward  the  use  for  distributing  service  of 
frequencies  lower  than  133  cycles  per  second,  as  the 
high  frequencies  were  found  to  be  poorly  adapted  to 
engine-type  alternator  construction,  arc  lamp  service, 
etc.  Following  this  move,  a  campaign  was  launclied 
in  favor  of  polyphase  generators  for  distributing 
service,  partly  with  the  idea  that  if  suitable  supply 
circuits  were  available,  there  would  eventually  be  cre- 
ated a  demand  for  induction  motors  to  operate  on 
such  circuits.  It  is  of  interest  to  note  that  this  cam- 
paign was  quite  successful,  and  that  between  1892  and 
1895  a  strong  sentiment  was  created  in  favor  of  poly- 
phase generators ;  in  fact,  so  much  so  that  a  demand 
for  polyphase  induction  motors  actually  developed  by 
the  time  the  motors  were  perfected  and  ready  for  the 
market. 

Encouraged  by  the  satisfactory  results  obtained 
from  the  experimental  induction  motor  with  dis- 
tributed windings,  described  above,  and  confident  of 
the  future  of  such-  a  motor,  the  Westinghouse  Com- 
pany authorized  the  design  and  development  of  a 
commercial  line  of  moderate  capacity  induction  mo- 
tors, later  known  as  type  "B."  Although  the  experi- 
mental motor  was  of  the  rotating  secondary  type,  this 
arrangement  was  followed  only  in  motors  up  to  and 
including  the  five  horse-power.  In  these  small  mo- 
tors, the  rotating  secondary  was  of  the  squirrel 
cage  type,  similar  to  the  secondary  of  present  day 
motors.  In  sizes  above  five  horse-power  the  new  line 
was  made  with  rotating  primary,  Fig.  5,  as  it  was 
found  that  this  arrangement  would  lend  itself  more 
readily  to  a  satisfactory  construction  of  the  secondary 
winding.  The  stator  of  the  new  motor  consisted  of  a 
cast  iron  yoke  enclosing  a  laminated  secondary  core 
with  partially  closed  slots.  The  winding  was  of  the 
so-called  bar  type,  one  bar  per  slot,  with  end  con- 
nectors bolted  on  or  soldered  and  forming  a  two  cir- 
cuit closed  coil  arrangement,  the  same  as  the  well 
known  two  circuit  direct-current  armature  winding. 
This  winding  was  tapped  at  a  number  of  points  and 
leads  from  the  taps  were  closed  on  each  other 
through    resistors.    On   the    frame    of    the    motor   a 


switch  was  provided  to  short-circuit  these  resistors 
after  the  motor  had  been  started  and  allowed  to  attain 
nearly  normal  speed.  Fig.  6.  With  this  secondary 
construction,  composed  of  a  relatively  small  number 
of  heavy  bars,  the  secondary  voltage  was  obviously 
low,  and  the  secondary  current  correspondingly  high. 
It  was  considered  inadvisable  to  use  such  a  construc- 
tion on  a  rotating  secondary  on  account  of  the  size 
and  cost  of  the  collectors  and  brush-holder  rigging  re- 
quired, and  the  resistance  this  arrangement  would  add 
to  the  secondary  circuit.  Hence  the  choice  of  the 
rotating  primary  with  low  current  in  the  collectors. 

The  first  induction  motors  of  this  new  line  had 
the  secondarv  windings  lapped  to  resistors  at  four 
points,  electrically  90  degrees  apart.  Later,  however, 
this  was  changed  to  six  or  eight  points  following  a 
series  of  tests  to  determine  the  effect  on  the  maxi- 
mum pull-out  torque  of  different  numbers  of  sec- 
ondary phases.  These  tests  were  made  first  with  the 
secondary  winding  short-circuited  at  three  points 
electrically  120  degrees  apart:  second  at  four  points 90 
degrees  apart :  third,  at  six  jjoints  60  degrees  apart ; 
and  so  on  until  the  entire  winding  was  short-circuited 
on  itself  with  the  maximum  possible  number  of  con- 
nectors. These  tests  .showed  conclusively  a  decided 
improvement  in  maximum  torque  as  the  number  of 
tapped  points  was  increased  up  to  twelve.  Beyond 
this  the  increase  was  not  marked.  However,  si.x  taps 
were  found  to  be  decidedly  better' than  four,  and 
twelve  better  than  six,  though  to  a  less  extent.  Quite 
a  number  of  commercial  machines  of  this  lino  were 
made  with  six  and  eight  secondary  taps. 


FIG.    6 — TYPE    B    POLVPIIAit    IXI'UlTION     MOTOR 

Showing  switch  on  side  of  the  frame  for  cutting  out 
resistance  in  secondary  circuit  after  motor  has  attained  nor- 
mal speed.  Note  the  heavy  bar  and  end-connector  windings 
of  the  stationary  secondary. 

In  a  later  development  of  the  type  "B"  motor, 
the  secondary  winding  was  provided  with  a  large 
number  of  cast  iron  grids  or  resistors,  connected  be- 
tween adjacent  turns,  with  a  circular  ring,  or  switch, 
for  short-circuiting  the  winding  at  many  points.  This 
arrangement  is  shown  in  Figs.  7  and  8.     The  resist- 
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ance  grids  were  bolted  directly  to  the  armature  wind- 
ing. They  were  of  cast  iron  of  comparatively  heavy 
sectimi  and  high  heat  storage  capacity.  Motors  of 
this  type  were  con,structed  in  capacities  up  to  2(X>  and 
3CX)  hor.-;e-po\ver,  for  both  25  and  60  cycles,  high  and 
low  \iiltage. 


FIG.  7 — A   LATKK    TVPi;   B    MOTOR 

SliQwing  grid  resistors  boUed  to  the  ends  of  secondary 
bar  windings.  This  motor  was  shipped  to  the  customer  May 
iitli,  1896,  and  lias  been  in  active  daily  service  ever  since. 
It  was  shut  down  tor  a  few  moments  on  May  29th,  191-),  in 
order  that  this  photograph  might  be  taken. 

The  type  "B"  motor  was  manufactured  com- 
mercially and  very  widely  distributed  up  to  the  year 
1897.  That  it  was  an  eminently  satisfactory  motor, 
and  a  credit  to  its  designers,  is  attested  by  the  fact 
that  there  are  many  of  the  motors  operating  to-day 
after  more  than  seventeen  years  of  continuous  ser- 
vice. One  plant,  within  the  writer's  knowledge,  has 
fifteen  of  these  motors  now  in  daily  operation,  and 
with  tlie  best  prospects  of  continuing  to  run  for  a 
number  of  years  to  come. 

The  W'estinghouse  type  "C  polyphase  induction 
motor,  with  rotating  squirrel  cage  secondary,  followed 
the  type  "R"  motor.  The  flesign  of  the  motor  was 
suggested  by  the  results  obtained  from  the  tests  of 
some  high  torque  induction  motors  for  crane  service. 
In  these  high  torque  motors  absolute  simplicity  was  re- 
quired. It  was  desired  to  eliminate  all  slip  rings,  ex- 
ternal secondary  resistors  and  short-circuiting  de- 
vices. A  study  was  accordingly  made  of  the  funda- 
mental characteristics  of  the  squirrel  cage  type  of 
secondary  winding,  as  this  construction  appeared  to 
be  ideal  for  the  service,  if  the  secondary  regulating 
devices  could  bo  omitted.  This  study  led  to  the  con- 
struction of  an  experimental  motor  w-ith  rotating 
squirrel  cage  secondary,  in  which  the  self-induction 
was  low  and  the  slip  relatively  high,  so  that  the  maxi- 
nnim  torque  was  developed  at  a  slip  of  100  per- 
cent. The  self-induction  being  low,  it  was  possi- 
ble to  make  the  maximum  torque  several  times  full- 
load  torque.  This  motor  demonstrated  conclusively 
that  it  was  feasible  to  construct  squirrel  cage  induc- 
tion motors  with  a  starting  torque  several  times  nor- 


mal full-load  torque  and,  with  sucii  characteristics, 
it  proved  to  be  entirely  practicable  to  control  the 
speed  by  varying  the  primary  voltage.  Many  motors 
of  this  construction  were  afterward  manufactured 
and  used  in  crane,  elevator  and  otlier  intermittent 
varying  speed  service. 

Following  the  development  of  this  iiigh  torque 
motor,  the  characteristics  of  the  type  were  made  the 
subject  of  continuous  study  and  investigation  by  the 
engineers  of  the  Company  as  the  simplicity  of  the  con- 
struction appealed  to  all,  and  it  was  recognized  that 
it  would  be  the  ideal  design  for  induction  motors  for 
general  service.  The  elimination  of  slip  rings  and 
starting  devices  on  a  general  service  motor  would  at 
once  broaden  its  field  of  application,  as  it  could  be  lo- 
cated in  more  or  less  inaccessible  places  and,  in  gen- 
eral, installed  to  better  advantage,  as  it  would  require 
little  or  no  attention  other  than  to  see  that  the  oil  in 
the  self-oiling  bearings  was  occasionally  renewed. 

It  was  soon  demonstrated  that  a  constant  speed 
motor  could  be  designed  along  the  general  lines  of  the 
high  torque  motor  with  a  slip  of  three  or  four  percent 
at  normal  load,  which  would  give  secondary  losses 
that  could  be  dissipated  easily  in  the  secondary  winding 
without  overheating.  It  was  further  found  that  a 
motor  could  be  made  which  would  have  a  starting 
torque  several  times  full-load  torque  with  normal  volt- 
age applied  to  the  primary.  Under  these  conditions 
of  slip  and  starting  torque  the  line  current  required  at 
start  was  six  to  eight  times  normal  full-load  current. 


FIG.   e — COLLECTOR  END  OF  .\   MOTOR  OF  THE  TYPE   SHOWN 
IN   FIG.    5 

Showing    circular    switch    for    short-circuiting    the    sec- 
ondary windings  after  the  motor  has  attained  normal  speed. 

which,  was  more  than  commercial  circuits  w^ould  per- 
mit. However,  as  most  applications  required  less  than 
lull-load  starting  torque,  it  was  feasible  to  reduce  the 
primary  voltage  at  start  to  a  point  just  sufficient  to 
give  the  requisite  starting  torque.  '  By  the  use  of  an 
auto-transformer   to  thus  reduce  the  primary  voltage. 
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both  the  maximum  line  current  and  maximum  starting 
torfiue  were  proportionally  reduced  to  suit  the  indi- 
vidual re<]uiremcnts.  Tliis  marks  the  beginning  of  the 
well  known  Westinghouse  type  "C"  motor  ami  autD- 
starter,  Figs.  9  and  10.  In  the  light  of  the  experience 
with    induction    motor    design,    and    the    rather    hazy 
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1897   TO    1905 

understanding  of  its  theory  by  the  electrical  fraternity 
at  that  time,  the  introduction  of  this  motor  was  viewed 
as  a  very  radical  step.  The  general  impression  existed 
that  of  necessity  a  cage-wound-secondary  motor  had 
a  very  low  starting  torque  and  that,  therefore,  the 
combination  of  an  auto-transformer  with  it  to  rcdiic:' 
the  starting  torque  bordered  on  the  absurd.  The  par- 
ticular feature  of  the  design  which  permitted  the  ac- 
complishment of  this  apparently  absurd  result  was  the 
proper  proportioning  of  the  self-induction  so  that  the 
starting  torc|ue  was  much  larger  than  full-load  torque 
The  first  technical  description  of  the  \\'estinghouse 
type  ''C"  motor  and  its  underlying  principles  appeared 
in  a  paper  j)resented  at  the  twentieth  convention  of  the 
National  b-lectric  T^ight  Association  at  Niagara  Falls, 
June  TO,  1897.*  This  paper  is  a  technical  classic  and 
stands  to-day,  seventeen  years  after  it  was  published, 
as  the  simplest  and  best  exposition  of  the  subject  that 
has  ever  been  written. 

The  type  "C"  polyphase  induction  mot;)r  embod- 
ied in  its  design  practically  all  of  the  essential  features 
found  in  later  induction  motors.  In  all  sizes  up  to  300 
horse-power  the  stationary  primary  was  formed  of  a 
solid  cast-iron  yoke  enclosing  a  laminated  core  with 
open  slots.  Above  this  size  the  cast-iron  yoke  was 
split  horizontally  and  machined  to  carry  a  solid  cast- 
iron  ring,  Fig.  11,  containing  the  laminated  core.  The 
windings  of  motors  of  small  and  moderate  size  were 
composed  of   form-wound  coils,  completely  insulated 


before  being  placed  in  the  slots  and  arranged  two 
layers  deep  as  in  most  of  the  modern  motors.  In 
the  larger  sizes  of  motors,  the  low  voltage  windings 
were  often  of  the  bar  and  end-connector  type.  The 
secondary,  I'ig.  12,  was  formed  of  a  cast-iron 
spider  carrying  a  laminated  core  with  partially 
closed  slots,  the  number  of  slots  being  usually  prime 
to  the  number  of  stator  slots,  to  lessen  the  tendency 
to  points  of  low  torque  in  starting.  The  secondary 
windings  consisted  of  rectangular  copper  bars  con- 
nected to  end  rings  of  copper  or  of  some  non-magnetic 
alloy  of  higher  resistance.  In  motors  where  high 
starting  tor(|ue  was  required,  the  alloy  used  was  from 
twenty  to  forty  times  the  resistance  of  copper.  Iron 
was  tried  for  the  resistance  material,  and  while  it  gave 
a  good  shape  to  the  speed-torcjue  curve,  it  materially 
lessened  the  maximum  torque  developed  and  was 
therefore  not  adopted. 

It  is  interesting  to  note  that  one  of  the  principal 
problems  in  the  development  of  the  first  type  "C" 
motor  was  a  mechanical  one,  due  to  the  difficulty  of 
maintaining  a  secure  connection  between  secondary 
bars  and  end  rings.  Copper  rivets  could  not  be  used 
with  copper  bars  and  rings  because  they  were  not  of 
sufficient  strength  and  would  stretch  and  loosen  duo 
to  the  pull  of  the  ends  of  the  bars  by  centrifugal  action. 
Iron  rivets  or  bolts  alone  could  not  be  used  because 
they  stretched  and  loosened  also,  due  to  the  unequal 
expansion  of  the  materials  as  the  end  rings  heated 
under  the  starting  conditions.  Soldered  connections 
could  not  be  maintained  on  account  of  overheating 
under  starting  conditions.  One  of  the  first  motors 
built  for  crane  ser\ice  had  the  bar^  Vinlted  to  the  end 


♦The  Polyphase  Motor."  by  Mr.  B.  G.  Lamme,  chief  en- 
gineer, Westinghouse  Electric  &  Mfg.  Company. 


FIG.    10 — .\IR  BKE.\K    AUTO-STARTER   USED   WITH    EARLY 
TYPE  C   MOTOR 

rings.  In  an  endurance  test  made  on  it,  where  it  was 
loaded  repeatedly  till  it  dropped  to  zero  speed,  it  was 
found  that  over  half  of  the  bolts  had  loosened  and 
some  had  actually  developed  cracks.  The  situation 
appeared  very  serious  until  finally  one  of  the  engineers 
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on  test  suggested  using  lock  washers  of  the  spring 
type,  not  to  lock  the  nuts,  but  to  give  a  cushioning  or 
spring  effect  between  nuts  and  rings.  The  suggestion 
was  tried  and  proved  entirely  successful  and,  although 
there  are  now  several  other  methods  of  making  this 


FIG.    II — PRIMARY   KING  OF  LARGE  TYPE  C  POLYPHASE 
INDUCTION    MOTORS 

Note  the  bar  and  end-connector  windings  and  partially 
closed  slots. 

connection,  such  as  welding  or  casting  the  ring  to  the 
bars,  still  the  original  bolt  and  spring  washer  construc- 
tion is  used  to-day  very  extensively  by  all  manufactur- 
ers of  induction  motors.  The  function  of  the  spring 
washer  had  to  be  understood  by  the  workmen  in  the 
factory  and  the  repair  shop,  otherwise  its  purpose  was 
defeated  by  tightening  the  bolt  until  the  washer  was 
flattened  out  and  no  margin  left  for  expansion.  It  was 
difficult  at  first  to  get  the  manufacturing  departments 
to  appreciate  this  point. 

The  success  of  the  type  "C"  induction  motor  as 
originally  designed  was  phenomenal.  It  probably  did 
more  to  popularize  motor-'drive  than  any  other  line 
of  motors  ever  placed  on  the  market.  It  was  conceded 
by  all  users  to  be  "as  simple  and  rugged  as  a  grind- 
stone." Its  liberal  design,  large  factors  of  safety, 
over'oad  capacity  and  excellent  electrical  characteris- 
tics won  for  it  a  reputation  that  has  seldom  been 
equaled. 

As  an  induction  motor  is  essentially  a  constant 
speed  machine,  its  field  was  at  first  limited  to  applica- 
tions similar  to  those  where  shunt-wound  direct-cur- 
rent motors  are  used.  The  desirability  of  extending  its 
field  to  other  applications,  such  as  were  covered  by 
the  direct-current  varying  speed,  adjustable-speed  and 
compound  wound  motors,  was  early  recognized  and, 
although  the  motor  was  not  inherently  adapted  to  all 
such  applications,  it  was  nevertheless  modified  in  de- 


sign so  as  to  be  satisfactory  for  many  of  them.  The 
first  varying  speed  application  was  that  for  the  opera- 
tion of  cranes,  which  was  effected  by  the  use  of  high 
resistance  rotor  end  rings  and  primary  windings  of 
low  self-induction,  adapted  for  giving  high  maximum 
torcjue,  as  has  been  previously  noted.  The  use  of  such 
a  motor  for  varying  speeds,  however,  had  rather  nar- 
row limitations  on  account  of  the  difficulty  in  dissi- 
pating the  heat  generated  in  its  resistance  rings.  In 
order  to  be  satisfactory  the  service  for  such  a  motor 
had  to  be  intermittent,  and  with  sufficient  intervals  of 
rest  between  operations  or  with  sufficient  periods  of 
light  loading  to  prevent  excessive  heating  of  the  re- 
sistance rings. 

Another  interesting  modification  of  the  early  type 
"C"  motor  was  the  polyphase  multispeed  type.  The 
first  installation  by  the  \\'estinghouse  Company  of 
this  type  was  made  in  1899  when  a  special  motor  was 
developed  for  the  Silver  Springs  Bleaching  and  Dye- 
ing Company  of  Providence,  Rhode  Island.  This  was 
a  three-phase,  25  cycle,  220  volt  motor  and  had  three 
separate  primary  windings  adapted  for  4,  8  and  12 
poles,  the  ratings  on  the  three  windings  being  30,  15 
and  10  horse-power  respectively.  These  windings 
were  placed  in  deep  open  slots  in  the  usual  manner, 
the  4-pole  winding  being  at  the  bottom  of  the  slots, 
the  8-pole  in  the  middle  and  the  12-pole  at  the  top. 
This  arrangement,  it  will  be  noted,  favored  the  slower 
speed  windings  which  inherently  had  comparatively 
high  self-induction,  by  locating  them  in  the  slots 
nearer  the  air-gap,  thus  minimizing  the  slot  leakage. 
The  secondary  winding  consisted  of  a  single  squirrel 
cage  with  the  resistance  rings  proportioned  to  give  the 
best  compromise  for  the  three  different  primaries. 
The  construction  of  this  motor  was  expensive  on  ac- 
count of  the  three  separate  windings,  two  of  which 
were  idle  all  the  time.  Later  developments  in  the 
multispeed    motor   were   confined   almost   entirely    to 


FIG.    12 — SECONDARY  OF   TYPE  C   i\ji,^  PHASE   IXDUCTIOX    MOTOR 

Showing  the  method  of  bolting  bars  to  end  rings,  usin^ 
spring  washers  under  nuts  of  bolts. 

two-speed  constructions  using  a  single  primary  wind- 
ing with  external  taps  arranged  for  changing  the 
number  of  poles.  The  ratio  of  the  speeds  of  these 
motors  was  usually  two  to  one.  although  some  three 
to  four  combinations  have  been  developed. 
{To  be  continued) 


The  Situation  Before  the  Cotton  Textile 

Manufacturers 


A.    E.    RiCKARDS 

General    Manager 
Industrial  Engineering  Company,  Pittsburgh,   Pa. 

THE  COTTON  TEXTILE  manufacturers  are  the 
only  manufacturers  who.  in  the  past  decade, 
have  succeeded  in  increasing  the  earning  power 
of  their  capital,  by  increasing  their  production  faster 
than  they  increased  the  capital.  In  other  industries, 
such  as  tanneries,  woodworking  plants,  foundries  and 
machine  sliops,  manufacturing  iron  and  steel,  and  bi- 


c — The   cost   to   manufacture    per   $I00   worth    of    goods 

produced, 
d — The  value  of  the  product,  its  cost  and  the  profits  per 

$100  capital  invested. 

Table  III  gives  the  total  number  or  value  for  all 
establishments ;  it  also  shows  the  growth  since  1900. 
That  there  was  a  considerable  increase  in  competition 
in   the  past  decade  is  indicated  by  the  item  marked 


T..IBLE  I— SCMM.\RV  OV   LEADING  INIUSTRIES— VALUES  OK 
rKODtCTS  I'EK  «100  CAI'ITAL 


Item 


ICOO         1910 


Textile I  72.59  %  76.12 

Pounilrv  and  Mactiine  Shop 100.97  8L12 

Tannery 117.28  101.32 

Tin   llat<- 479..-.7  436.29 

Blast  h-urnaces U4.42  80.2S 

Steel  Wort^  and  RoUinv  .Mills 13S.81  9S.10 


Percent,  change  in 
10  year> 

5  3- 
19.8— 
l.i.7— 

9.0— 
44.5— 
29..S— 


TABLE  III— TOTAL  VALUE  OK  XCMBEK  KOR  ALL  ESTAULISHMESTS 

1910 


So. 


Item 


1900 


Percent.change 
'     in  10  years 


1  Capital fiS7  240  000?822  22SOro 

■J  I'ninnry  horsepower " 

;i  NumbeVof  establishments.. 

4  Salaried  employees 

-'>  Number  of  wage  earners  . 


79.'^  .SH 

4902 
302  861 


1  296  .il7 
1321 
K.=il4 

378  8.«0 


Coal  Mines  . 


1902 
6.'..72 


1909 
3.x.  10 


tuminous  coal  mining,  the  capital  has  increased  faster 
than  the  production.  .\  comparison  of  the  leading 
industries  with  the  textile  industry  is  shown  in  Table 
I,  giving  the  value  of  the  products  on  a  basis  of  $ioo 
capital. 

The  cotton  te.xtile  industry  of  the  United  States 
is  growing  wonderfully  fast,  as  shown  in  Table  II, 
which  gives  the  value  of  the  production  and  the  per- 
cent increase  per  decade  for  the  past  50  years.  A 
greater  tjuantity  of  cotton  goods  is  produced  in  this 
country  than  in  any  other  except  Great  Britain.  The 
average  increase  per  decade  since  i860  is  42.2  percent. 
This  figure  may  not  sound  large,  but  when  it  is  consid- 
ered that  the  amount  of  money  involved  runs  into  the 
hundreds  of  millions  of  dollars,  it  is  astounding.  It 
is  reasonable  to  assume  that  this  figure  will  hold  good 
for  1920,  in  which  event  the  value  of  the  products 
will  be  approximately  $894000000.  The  value  of  the 
products  since  i860  is  graphically  shown  in  Fig.  2. 
The   dotted   line   indicates   the   writer's   estimate    for 

TABLE  II— VALUE  OF  PRODUCTS  IS  THE  COTTON  INDUSTRIT 


•i  Value  of  products I3:i9  200  000  $628  392  000 

7  Cost  of  materials i76a-2000  371009000 

s  Waees 86  690  OOU  132  8.59  00  U 

9  Sillaries 7  3-50  000  14  412  000 

10  .Mlscelloneous  expense* 216.50  144  36  030  000 

11  Cost  of  manufacturing 292242N4  554  310  000 

12  I. ross  profits 46  9.57  (-51.  74  0h2  000 

13  Percent,  prolit  on  capital 10.05  9.0 

14  .\verage  wage  per  wage  earner  $28ri.21  S  oP.ee 
1.5  .\verage  salary  per  salai  icl 

Employee  $1499.38        $16'.>2.61 


75.0  - 
63.0- 
2.5.6  - 
71.7  - 
25.2  - 
85.2  - 
ino.o 
5:i  3  + 
96.0 
20.2 
89.1". 
58.0  - 
11.7  — 
22.0  + 

13.0  + 


"Number  of  Establishments."  which  increased  2^  per- 
cent. It  is  interesting  to  note  that  the  capital  in- 
creased 75  percent  and  the  primary'  horse-power  63 
percent.  The  latter  figure  indicates  that  the  greater 
part  of  the  new  capital  was  spent  for  new  equipment. 
New  machinery  was  installed,  to  operate  which  re- 
quired greater  power  plant  capacity ;  furthermore,  new 
buildings  were  needed  to  house  this  apparatus.  Wages 
and  salaries  increased  faster  than  the  number  of  wage 
earners  and  salaried  employees,  showing  that  the  av- 
erage individual  receives  a  larger  compensation  than 
formerly. 

In  order  to  give  a  better  idea  of  the  condition  and 
the  progress  made  by  the  average  mill.  Table  I\'  is 
given,  being  an  analysis  of  Table  III,  with  the  details 
worked  out  upon  the  number  or  value  per  establish- 
ment basis.    Of  course,  the  figures  in  dollars  and  cents 

TABLE  IV— TOTAL  VALUE  OR  NI.MBER  PER    E.STABLISHMEN  t 


Year 


Value  per  Decade 


Percent.  Increase  per 
Decade 


No. 


Item 


1900 


■1910 


1^70 

177  489  000 

.53 

1880 

192  090  000 

S 

1890 

267  981  0011 

39 

1900 

339  200  000 

26 

1910 

623  392  000 

85 

1  Capital 1142881 

2  Primary  horse-power 754 

3  Number  salaried  employees...  4.6 

4  Number  wage  earners 287 

5  Value  of  products $321,516 

6  Cost  of  materials 167  348 

7  Wages 82  170 

8  Salaries 6  966 

9  Miscellaneous  expenses 20  521 

10  Cost  of  manufacturing 277  005 

11  Gross  profit 44  511 

12  Percent,  profit  on  capital 10.05 


S6S1  018 

979 

6.4 

276 

$474  616 

2.«0  218 

100  346 

10S85 

27  213 

41, s  663 

5.5  953 

9.0 


l*ercent.  change 
in  ten  years 

28.6 

29.9  - 

30.1  ~ 

0.3,5  — 

78.8  -r 

67.0  + 

22.0  - 

.56.0  - 

33  2  + 

81.0  + 

26.6  — 

10.5  — 


1920.     Comparing  this  with  the  past  performances, 

the  estimate  seems  entirely  probable. 

The  present  situation  before  the    cotton    textile 

manufacturers  can  be  shown  best  by  analyzing  the  will  apply  in  but  few  cases  but  the  percentages  will 

data     contained  in  the  United  States  census  reports,  apply  to  most  mills.     One  feature  of  interest  brought 

Tables  III,  IV,  V  and  VI  show  : —  out  in  this  table  is  the  ratio  of  production  to  the  nuni- 

a— The  size  and  progress  of  this  business  as  an  industry,  ber  of  employees.     So  manv  cotton  manufacturers  be- 
ta— The  conditions  and  the  amount  of  business  done  bv            -i  ,1      /     /  ^t.    ^  ,.1.       i       ^                            1    .-„ . 

the  average  establishment.                                           '  ^^'^"  '"^  '^^^  '•"^'  ^"^^  ""^^'^  to  pay  SO  much  more  toi 


Tim  IlLECTRIC  JOURNAL 


405 


labor.  .Althouffh  this  is  S(i  wlien  applied  to  the  indi-  ings  of  this  industry  are  not  as  high  as  tiiey  should 
vidual  workman,  the  total  number  of  wage  earners  de-  be.  The  question  is  how  to  increase  them.  The  man- 
creased  while  the  value  01  the  product  increased  78.8  ufacturers  cannot  control  the  price  of  their  raw  ma- 
percent.     If  it  had  not  been  for  the  use  of  more  effi- 


cient machinery  and  more  iiite 
■r.\BLE  \ 


TOTAL  VALUE  OR  .NTMBKK  PKR  SIOO 
OF  I'KODUCT 


igent  labor  the  number 

VAI.IK 


No. 


Item 


l'.iOO 


Capital '  $1S7.1G 

Primary  horse-rower 'J:J 

Number  suiarie'l  employees.,        .0015 

Number  of  \vrtfi:e  earners .OSl 

Cost  of  ma'.crial.*^ $52.05 

Wapres 25.51 

Salaries  2.10 

Miscellaneous  expenses 6.38 

Cost  of  manuiacturing ,      86.13 

Cross  I'roiits 13..<7 


I'.lIO 

Percent,  channe 

in  ten  years 

$130.8.'> 

4.8  — 

.■J04 

12.7  — 

.0014 

7.1  — 

.0111 

32.S  — 

J.59.0J 

13.4   - 

21.11 

20..S  — 

2.29 

ti.O 

5.73 

11.3  — 

f-8.20 

2.4 

11. SO 

17.5  — 

of  wage  earners  would  lia\e  increased  in  direct  pro- 
portion to  the  production.  The  increased  complication 
of  the  business,  requiring  a  larger  office  force,  is 
proven  by  the  increase  of  the  number  of  salaried  em- 
ployees. 

In  Table  V  is  shown  the  capital  required,  the 
total  manufacturing  costs,  and  the  details  of  cost  for 
each  $ioo  worth  of  goods  produced.  The  capital  re- 
quired is  a  most  interesting  item  and  shows  the  effi- 
ciency of  manufacturing.  To  manufacture  $ioo  worth 
of  goods  in  1900  required  an  investment  of  $137.16 
and  in  1910  an  investment  of  $130.85,  a  decrease  of 
4.8  percent.  This  is  a  big  step  in  the  right  direction. 
Another  feature  of  especial  interest  is  the  item  of 
wages.  Although  the  a\erage  wage  per  individual  in- 
creased 22  percent,  nevertheless  the  manufacturers 
were  able  to  reduce  the  total  cost  of  wages  20.8  per- 
cent per  $100  output.  This  again  emphasizes  the  fact 
that  more  intelligent  labor  was  employed  and  machin- 
ery of  greater  elTiciency  installed.  The  cost  of  mate- 
rials increased  13.4  percent  and  salaries  6  percent. 
Even  with  the  greater  cost  of  these  items  the  manu- 
facturers were  able  to  hold  down  the  cost  of  produc- 
tion so  that  the  total  cost  only  increased  2.4  percent. 
This  was  because  of  the  high  standard  of  manufactur- 
ing efficiency  maintained.  Conversely  Table  VI  gives 
the  value  of  the  product,  the  cost  to  manufacture  and 
the  gross  earnings  for  each  $100  capital  invested. 
There  was  10.05  percent  profit  earned  upon  the  cap- 

TABLE  VI— VALUE  OR  Nl  MliliK  PER  8100  CAPITAL 


No. 

Item 

1900 

1910 

Percent,  change 
in  ten  year.* 

1 
2 
3 
4 

(! 

7 
,s 

Value  of  products 

Cost  of  materials 

$72.59 
37.79 
18.55 
1.37 
4.63 
62..>1 
10  05 
10.05 

J76.42 

45.12 

16.16 

1.75 

4  37 

67.40 

■.1.02 

0.O2 

5.3  + 
19.4  + 
14  8 

Salaries 

Miscellaneous  cxpcn.ses 

11.4  + 
.5.9  — 

Gross  Prnlit 

10  .i  — 

Percent,  prolit  on  capital 

10.5- 

ital  in  1900  and  9.02  percent  in  1910.  This  is  gross 
profit.  The  census  figures  do  not  include  charges  for 
depreciation,  amortization,  interest  on  capital  or  on 
money  borrowed.  If  these  fixed  charges  were  de- 
ducted only  a  small  profit  would  be  left. 

THE  PROBLEM 

The  foregoing  paragraphs  show  that  the  net  earn- 


FIC.    I — .\.\    IN'STALLATION   OF   FOUR   HORSE-POWER,  40-CVCLE 
INDUCTION    .MOTORS 

Direct-connected  to  Saco-Pettee  .soinning   frames   in  the 
plant  of  the  Chicopce  Manufacturing  Company. 

teria!  or  the  selling  price  of  their  product.  However, 
many  of  them  can  reduce  their  fixed  charges  and  labor 
cost  per  unit  of  production  by  producing  a  greater 
output. 

In  the  majority  of  mills  there  exists  a  splendid 
opj)ortunity  to  increase  production  by  studying  the 
speed  conditions  and  the  application  of  power  to  the 
productive  machinery ;  also  economies  can  be  effected 
in  the  method  of  generating  and  distributing  power  in 
the  mill.  In  most  mills,  especially  those  with  mechan- 
ical transmission,  a  study  will  show  that  the  speed  of 
the  productive  machinery'  is  much  below  normal, 
which,  of  course,  means  a  loss  of  production.  The 
best  way  to  illustrate  this  would  be  to  cite  the  condi- 
tions that  existed  in  one  large  mechanically  driven 
mill.  The  case  cited  is  by  no  means  an  exception;  in 
fact  the  general  conditions  in  this  mill  were  a  little 
better  than  is  ordinarily  found. 

The  following  tests  give  the  speeds  of  various 
types  of  machines  in    each    department,  the    percent 
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FIG.  2 — CURVE  SHOWING  INCRF.ASE  IN  THE  VALUE  OF  PRODUCT 
OF  THE   COTTON   TEXTILE   INDUSTRY 

speed  at  which  they  were  operating  and  in  some  in- 
stances the  effect  of  the  low  speed  upon  production. 
For  the  sake  of  brevity,  only  a  partial  list  of  the  ma- 


4o6 


THE  ELECTRIC  JOURNAL 


chinery  in  each  department  is  given.  The  examples 
cited  are  representative  of  the  conditions  found 
throughout  the  mill.  Where  only  one  speed  is  given, 
the  speed  was  constant.  Where  two  speeds  are  given, 
a  speed  fluctuation  is  shown. 

Test  I — (American  Machinery  Co.) — ^Hopper  or  Bale 
Opener. 

Speed  of  beater  .shaft  varied  from  430  to  450  r.p.m., 
average  440  r.p.m.  The  speed  of  this  shaft  should  be  575 
r.p.m.;  thus  the  machine  is  operating  on  an  average  of  23.5 
percent  under  speed. 

Test   2 — (.American   Machinery  Co.) — Pickers. 

Speeds  were  taken  from  the  beater  shaft  and  found  as 
follows : — 

a — 480  to  490  r.p.m.  f — 460  to  470  r.p.m. 

b — 400  to  500  r.p.m.  I? — 470  to  475  r.p.m. 

c — 480  to  490  r.p.m.  h — 4  7.5  r.p.m. 

d — 4S0  r.p.m.  i — 475  tn  4S0  r.p.m. 

e — 4  50  r.p.m. 

The  mean  average  operating  speed  of  these  machines  is 
475  r.p  m.  The  correct  operating  speed  should  be  550  r.p.m. 
Thus  tliese  machines  are  operating  at  an  average  of  13.62 
percent  slow. 

Test  3 — (.\mcrican  Macliinery  Co.) — Intermediate  Break- 
ers. 

Speeds  were  taken  from  the  beater  sliaft  and  found  as 
follows : — 

a — 1210  to  1220  r.p.m. 
b — 1200  r.p.m. 

c — 1200  to  1210  r.p.m. 

The  mean  average  speed  of  the  above  machines  is  I  208 
r.p.m.  .\s  the  correct  operating  speeds  should  be  I  450  r.p.m., 
these  machines  are  operating  at  an  average  242  r.p.m.  under 
speed  or  16.7  percent  slow. 

Test  4  —  (American  Machinery  Co.)  —  Intermediate 
Breakers. 

Speeds  were  taken   from  the  beater   shaft. 

a — 1100  to  1170  r.p.m.  <1 — 1170  to  IISO  r.p.m. 

b — 1190  to  1200  r.p.m.  e — 1120  to  1130  r.p.m. 

f — 1160   to   1170  r.p.m. 

The  mean  average  speed  of  the  above  is  i  165  r.p.m. 
The  speed  of  these  tnachines  should  be  1 450  r.p.m. ;  thus 
they  are  operating  285  r.p.m.  under  speed  or  19.65  percent 
slow  on  an  average. 

Test  5  —  (."American  Machinery  Co.)  —  Intermediate 
Breakers. 

The  speeds  were  taken  from  the  beater  shaft, 
t — 1100  to  1200  r.p.m.  c — 1200  to   1210  r.p.m. 

b — 1190  to  1200  r.p.m.  d — 1200  to  1220  r.p.m. 

The  average  speed  of  the  above  is  1 201  r.p.m.  The 
correct  speed  is  1450  r.p.m.;  thus  these  machines  are  operat- 
ing 249  r.p  m.  under  speed  or  17.3  percent  slow  on  an  average. 

Test  6 — (.American   Machinery  Co.) — Lappers. 

Speeds  were  taken  from  the  beater  shaft. 
> — 1150  to  1170  r.p.m.  c — 1200  r.p.m. 

b — 1190  to  1200  r.p.m.  d — IISO  to  1220  r.p.m. 

The  mean  average  speed  of  the  above  is  i  188  r.p.m. 
The  correct  speed  of  this  beater  shaft  is  1450  r.p.m.;  thus 
these  machines  are  operating  262  r.p.m.  under  speed  or  17.4 
percent  slow  on  an  average. 

Test  7 — (.\shworth  Bros.) — ^Carding  Machines, 
a — 172  r.p.m.  c — 182  r.p.m. 

b — 174  r.p.m.  f — InS  r.p.m. 

c — 170  r.p.m.  g — 17.5  r.p.m. 

d — I'lB  r.p.m.  h — 1S5  r.p.m. 

The  speeds  of  tlie  individual  machines  were  uniform  and 
showed  no  fluctuation.  The  wide  difference  in  speed  is  due, 
undoubtedly,  to  the  slippage  of  belts  from  one  counter-shaft 
to  the  other. 

Test   S — (.American    Machinery    Co.) — Drawing 

Speed  taken  from  the  driven  .shaft  of  the  frame 
a — 2S0   to   2S.i   r.p.m.  c — 2.^0   to   2S4   r.p.m. 

b — 278   to   2S0   r.p.m.  d — 2S4   to    2*S   r.p.m. 

Test  p — (Saco-Pettee) — Slubbers. 

Speeds  were  taken  from  the  main  driven  shaft  on  tnc 
machine. 

a — 265   to   254    r.p.m. 

h — 272    to   274    r.p.m. 

The  mean  average  speed  of  the  above  is  2S4  r.p.m.  The 
driven  pulley  should  operate  at  300  r.p.m.  On  this  basis 
these  machines  are  operating  on  an  average  of  3^  r.p.m. 
under  speed  or  12  percetit  slow. 

Test  TO — (Saco-Pettee) — Intermediate  Speeder. 

• — 35R  to  364  r.p.m.  c — 366  to  .974  r.p.m. 

b — 362  to  268  r.p.m.  d — 372  to  376  r.p.m. 

This  test  shows  the  speed  variation  of  the  machines. 
Test  II — (Saro-Pettee) — Finishing  Speeders. 

a — 348  to  360  r.p.m.  d — 34S  to  360  r.p.m. 

b — 340  to  360  r.p.m.  f — 354  to  360  r.p.m. 

« — 354  to  368  r.p.m.  f — 352  to  360  r.p.m. 

\  considerable  fluctuaiinn  is  also  apparent  in  the  speed 
of  the  above  machines,  the  average  being  3.06  percent. 


Frames. 


Test  12 — (Saco-Pettee) — Spinning  Frames, 
a — 890  to  900  r.p.m.  1  „  .  .  ..  ,  .  „ 
b— 818  r.p.m.  (Spmmng  No.  18  ^am. 

e — 7S0   to   740   r.p.m.  )„   .      .        „      , ,   ,- 
d— 720   to   730   r.p.m. /Spimnng  No.  14  Aam. 

The  above  indicates  the  greater  loss  in  speed  when  spin- 
ning the  heavier  yarn. 

Test  13 — (Draper  Automatic — 32  In.  Looms.) — Slashers. 

The   speeds   were   taken    from   the   harness    frames.     In 
each  case  the  endeavor  was  made  to  get  the  speed  of  looms 
which   were  driven   from  different  counter-shafts, 
a — 15G    Picks   per   Min.  d — 158    Picks  per    Min. 

I* — 158    Picks  per   Min.  e — 156    Picks   per   .Min. 

c — 160    I*icks   per   Min.  f — 154    Picks   per   Min. 

The  mean  average  number  of  picks  per  minute  for  the 
above  looms  is  157;  according  to  the  mill  superintendent  a 
32-inch  Draper  automatic  loom  should  operate  at  170  picks 
per  minute.  This  being  the  case,  the  above  looms  are  operat- 
ing at  an  average  of  13  picks  per  minute  under  speed  or  an 
average  of  7.67  percent  slow.  By  operating  these  looms  at 
170  picks  per  minute  10  hours  per  day  for  300  days  and,  as 
a  basis  by  which  to  estimate,  assuming  that  No.  13  warp  is 
used,  which  requires  40  picks  to  make  one  inch  of  cloth,  an  in- 
crease in  production  could  be  obtained  per  year  on  each 
loom  of  I  625  yards  of  cloth. 

Test  14 — (Draper  Automatic  36  Inch  Looms.) — Slashers. 

Speeds  were  taken  on  the  harness  frames, 
a — 142    Picks  per  Min.  e — 14 S   Picks  per  Min. 

b — 140    Picks  per  Min.  f — 148    Picks   per   Min. 

c — 140    Picks   per   Min.  e — 152    Picks  per   Min. 

d — 144    Picks  per   Min.  n — 152   Picks  per  Min. 

-According  to  the  information  olitained  from  the  mill 
superintendent,  a  33  inch  loom  should  operate  at  160  picks 
per  minute.  The  mean  average  speed  of  the  above  looms  is 
146  picks  per  minute.  Thus  the  above  looms  are  operating 
on  an  average  of  14  picks  per  minute  under  speed  or  an 
average  of  8.75  percent  slow. 

By  operating  these  looms  at  I'x)  picks  per  minute  and 
assuming  that  No.  13  warp  is  used,  operating  10  hours  per 
day  for  300  days  per  year,  w'ould  mean  an  increase  in  pro- 
duction on  each  loom  per  year  of  i  075  yards  of  cloth. 

The  reason  that  the  different  machines  were  op- 
erating under  speed,  and  also  the  cause  for  the  varia- 
tion in  speed  is  due,  in  a  great  measure,  to  the  slippage 
of  belts,  which  takes  place  in  transmitting  power  from 
one  shaft  to  another.  Proper  power  applications  will 
reduce  the  belt  slippage  to  a  minimum  and  give  a  con- 
stant uniform  speed. 

The  production  of  the  above  mill  was  increased 
8.5  percent  by  operating  the  machinery  at  a  maximum 
uniform  speed.  This  was  accomplished  entirely 
through  proper  power  applications  to  the  machinery. 

EFFECT   OF   INCREASED   PRODUCTIOX 

Taking  as  a  working  basis  the  data  contained  in 
Table  IV,  and  using  the  figures  for  1910,  let  us  see 
what  effect  an  8.5  percent  increased  output  will  have 
upon  the  profits.  The  cost  of  the  materials  was 
$280218;  an  increased  output  of  8.5  percent  would 
increase  this  figure  to  $304036.  The  cost  of  wages 
was  $100346;  with  the  increase  in  production  this 
item  of  expense  would  increase  approximately  6  per- 
cent. \\'ages  would  not  increase  in  the  same  ratio 
as  the  production  because  only  part  of  the  labor  works 
upon  a  piece  work  basis.  Hence  the  labor  cost  v^'ould 
be  $106  366.  Salaries  and  miscellaneous  expenses 
would  remain  the  same.  The  total  cost  to  manufac- 
ture with  the  increased  production  would  be  as  fol- 
lows : — 

Materials    $304  036 

Wages     io5  366 

Salaries    10885 

Miscellaneous   expenses    27  213 

Total  cost  of  manufacture $448700 

The  value  of  the  product  was  $574616;  with  the 
increased  output  this  figure  would  be  $623  458.    The 
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gross  profit  would  be  the  ditTercnce  between  the  value  merits,  however,  were  arranged  into  small  groups  and 

of  the  products  and  the  cost  to  manufacture,  which  each  group  driven  by  a  motor. 

is  $174758.     To  obtain  this  increased  output  would  The  greater  number  of  new  mills  built  in  the  past 

require    an    investment    of    approximately    $60000;  few  years  and  the  additions  to  old    mills    are    now 

T.4BLt  VII — POWER  REQUIRED  TO  DRIVE  COTTOX  TEXTILE  M.-kCIUXERY. 


Machine. 


Horse-power. 


Creighton   Bale  Breaker 

Opener   with    feeder 

.\utoniatic    feeder    

One   beater   breaker 

One  beater  breaker  for  duck  mill 

One  beater  breaker  with  exhaust  fan  and 

chute    

Two    beater   breakers 

Three  beater   breakers 

One    beater     intermediate 

Two   beater     intermediate 


2.0 
2.5 
\.i 
5.5 
9.0 

7.5 
7.5 
9.0 
4.5 
6.0 


Machine. 


Horse-power. 


Three   beater     intermediate 8.0 

One   beatei     finisher 4.0 

Two    beater      finisher 6.0 

Three    beater     finisher 8.0 

Cj'linder   opener e.o 

One  beater  opener,   vertical 4.0 

Two   beater   opener,    vertical 8.0 

Exhaust     opener 12.0 

One    beater  opener   without    feeder 5.0 

Two  beater  opener  without  feeder 10.0 

Small    porcupine   opener 2.0 

Top   flat   card 0.75 


Machine. 


Hone-power. 


Revolving    flat    card 1.       I 

Railway    head 0.75 

Drawing    frames.  .  .  0. 

Sliver  lap 0.5 

Ribbon     lap 0.0     1 

Six  head  combers,  single  nips 0.33  ; 

Six  head  combers,  double  nips 0.75 

Slubbers    45  spindles  per  bp 

■nlennediate     45  spindles  per  hp 

Roving  Frames    75  spindles  per  hp 

Jack  frames    90  spindles  per  bp 


RING  SPINNING  FRAMES 


Spindles  per  Horse-Power 


Spindle  speed. 


7-10 
Varn 


12-15 
Yarn 


20-30 
Yarn 


30-40 
Yam 


40-50 

Yarn 


Looms, 
Looms! 


5000    r.p.m 140 

5500    r.p.m 125 

0000    r.p.m 110 

GaOO    r.p.m 100 

7000    r.p.m 

7500    r.p.m 

SOOO    r.p.m 

8500    r.p.m 

9000    r.p.m 

9500    r.p.m 

10000    r.p.m 


90 
.SO 
70 
63 
54 
49 


150 
140 
125 
110 
100 
90 

so 

70 
63 
54 


170 

150 

140 

123 

110 

100 

90 

80 

70 

60 


100 

85 


MULE  SPINNING 

High   speed,   course   numbers 120  spindles  per  hp 

High   speed,   fine   numbers 1 30  spindles  per  hp 

Moderate    speed     160  spindles  per  hp 

Spoolers,    average     300  spindles  per  hp 

Spoolers,    heavy     100  to  200  spindles  per  hp 

Twisters,     heavy     couiils 25  to     35  spindles  per  hp 

Twisters,    fine    counts 35  to     50  spindles  per  hp 

Bobbin   winders,    horizontal 30  spindles  per  hp 

Bobbin    winders,    vertical 50  spindles  per  lip 

Cone    winders     25  spindles  per  hp 

Warpers 0.25   hp 

Scraper,    29   in.   duck 3.0     hp 

Scraper,   44   in.  duck 3.3     bp 


Scraper,    49    in.    duck 4  J     hp 

Beamers    (duck   mill)    1524    ends 7*5      hp 

Looms,   30   to      36    in ; ; ". i  li^ims'per  hp 

Looms,   40   to      72    ,n 3  looms  ter  hp 

II   '»      90    ;" 2  looms  per  hp 

99  «°   108  in iioom   ^  hp 

For  magazine  or  shuttle  changing  looms,  add  15  per  cent  to  above 
figures. 

Bag    looms    3  looms  per  hp 

Ouek  looms    .       3  |„o„s^r  hp 

Ruck  looms,  wide 3  ^r  4  looms  to  1.5  hp 

splashers     ,^ 

Uen   warpers    \^X, 

Lap  deuble,  with  carding  frame  and  connections -'5  hp 

Filling   winder    (French    t.vpe) 140  spindle's  p'er  hp 

J  I    ii.g   winder    (\orkshire    type) 200  spindles  per  hp 

t  ilhng   winder    (W  heton   type) 300  spindles  per  hp 

Quick     traverse     winder 59  drums  per  hp 

Bundling   press    5  ho 

Banding  machine    "  '4'  to'  i^  ho 

Double  banding  machine   (3  heads) •  ■  •  '•  i'  yX, 

Double  banding  machine    (6  heads) .  .  . it  ho 

Balling  machine    i"  ho 

Yarn   reel    (single  ordinary) '.'.'.■.'.'.'.'.■.'.'.■.'.'. 'l '6' spindles "pe*r  hp 

Hank  winder    5*^       ,     {J     ^n 

Presses     (125    ton) o  reels  pe^r  np 

Presses     (150    ton) V  ^  hn 

Presses     (250    ton) ■.'.  .'.'.'.'.'.■.■.".■.■.".■.■.".■.■.■.■.    g  hp 

Measuring   and    inspecting   machines !!  !  U  hp 

Fcldirg   machines    "  .  i !  . !         14  hp 

Shearing    machines     '  5  hp 

Brushing  machines   ".".'.".'.'.'.■.'.■.'.'.'.■.'i'  t^ S^S  hp 

Sewing    machines    1 0  hp 

Thread  extractor 1  75  hp 


adding  this  to  the  former  capital  would  make  the  total 
capital  $681  018.  The  percent  profit,  obtained  by  di- 
viding the  capital  into  the  gross  profit,  thus  amounts 
to  25.6  percent.  Since  the  gross  profit  was  9  percent 
in  1910,  it  is  seen  that  an  8.5  percent  increased  output 
would  have  resulted  in  an  increase  of  212  percent  on 
the  gross  profit. 

HOW  TO   IXCRE.-VSE   PRODUCTION 

The  question  is  how  to  increase  production.    The 

T.\BLE  Vni— POWER  USED  IS  COTTOX  TEXTILE  ESTABLI3HMEX  TG 


Year 


1870 


Total  borse-power 146  040 

Percentage 100 


.'^team  endues 55  967 

Percentage i       39 


1880   1890 


275504  464  881 
100    100 


110  7.M)  265  509 
46    57 


Water  wheels !   90  073   148  7.50   198  982 

Pervcnlage; ,       61  W         42.8 

Purchased  Power 

'electric   

Percentage" 

,\ll  other  power 

Percentage 


390 
0.2 


1900 


1»20 
E-ti- 
roated 


795  834    1  296  517  I  1  823  760 
100  100  ICO 


514  176 
61.6 


255  875 
!:2.3 


1922 
0.2 


23  861 
2.9 


869  tS3 
6T        I 


302  2S8 
23.4 


108  612 
8.4 


15  870 
1.2 


890  COO 

4S.S 


310  000 

17 


606  760 
33.2 


17  000 
1 


NOTE:— Percentages  given  lepreseat  the  percent,  of  the  total  power  nted 

mill  in  w'hich  the  preceding  tests  were  made  succeeded 
increasing  their  output  by  driving  the  machinery  with 
motors.  In  most  instances  individual  motors  were  di- 
rect-connected to  the  machines.     Some  of  the  depart- 


driven  by  motors.  Where  attention  was  given  to 
proper  applications,  tliese  mills  obtained  a  greater 
production  than  tliey  could  get  with  mechanical  drive. 
Motors  alone  installed  in  a  mill  will  not  increase  pro- 
duction; a  most  careful  study  must  be  given  each  ap- 
plication in  order  to  secure  the  desired  results. 

HORSE-POWER  REQUIRED  TO  DRIVE  COTTOX   TEXTILE 
MACHINERY 

The  data  in  Table  VII  gives  the  horse-power  re- 
quired to  drive  textile  machinerv-,  as  obtained  by  tests 
made  in  electrically-driven  cotton  mills.  This  data 
checks  very  closely  with  information  furnished  bv  the 
manufacturers  of  the  machinery  and  data  received 
from  some  of  the  best  cotton  mill  engineers.  The 
data  quoted  is  for  normal  operation.  If  the  speed  of 
the  machinery  should  be  increased  the  power  would 
be  largely  increased ;  a  reduction  in  speed  would  of 
course  require  less  power.  The  figures  represent  the 
net  horse-power  required  at  the  driven  shaft  of  the 
machine ;  to  these  should  be  added  20  percent  to 
cover  the  friction  loss  between  the  machine  and  the 
driven  head.  The  data  applies  to  average  conditions 
in  a  mill  turning  out  an  average  class  of  goods ;  it 
will  not  hold  good  for  those  mills  in  which  the  product 
varies  from  the  usual  run  of  cotton  goods. 
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THE    SOL'RCE    or    I'OWKK 

\\  hether  to  produce  power  from  an  isolated 
]><i\\cr  ])lant  or  purchase  electricity  from  a  power  com- 
pany, is  a  question  now  before  many  cotton  manufac- 
turers. The  textile  industry  is  growing  so  fast  that 
a  system  of  power  should  be  installed  that  will  allow 


nc.  3 — WHITIX  SPINNING  ANP  TWISTING  MACHINES  OPERATtD 
BY  20  HORSE-POWER.  I  120  R.P.M.  INDUCTION  MOTORS,  ARRANGED 
FOR    FOVR-FRAME   DRIVE 

for  future  growth.  Purchased  ])Ower  offers  this  ad- 
vantage, as  extensions  and  additions  can  be  made  at 
a  minimum  expense. 

To  assist  in  reaching  a  decision  regarding  the 
power  to  use,  it  will  be  well  to  consider  the  trend  of 
times.  Table  \TII  shows  the  total  and  also  the  dif- 
ferent kinds  of  power  used  in  cotton  textile  establish- 
ments since  1870.  The  last  column  giving  a  prediction 
for  1920,  is  based  upon  the  power  that  will  be  used 
if  the  production  reaches  the  amount  the  writer  pre- 


FIG..    4 — COTTON    TWISTING    FRAMES    FOR    THE    MANUFACTURE    OF 
.\RMV    AND    N.WV    DUCK 

Chain  driven  by  five  horse-power,  i  700  r.p.m.  textile  type 
induction  motors. 

diets  in  the  early  part  of  this  paper  for  the  year  1920. 
A  better  idea  of  the  trend  of  times  and  the  tendency 
towards  purchased  power  can  be  had  by  referring  to 
Figs.  5  and  6,  which  illustrate  graphically  the  different 


kinds  of  power  used  since  1870.  These  curves  tell  a 
story  in  themselves — for  instance,  in  1870  of  all  the 
power  used,  61  percent  was  water  power  and  39  per- 
cent steam.  As  a  usual  thing  where  water  power  is 
available  the  transportation  facilities  are  ])oor.  The 
curves  show  that  as  the  steam  engine  was  improve  I 
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FIG.  5 — CURVES  SHOWING  COMPARATIVE  DEVELOPMENTS  OF  POWER 
SOURCES  OVER  50  YEARS  AND  THE  TENDENCY  DURING  THE  PRES- 
ENT  DECADE 

and  better  transportation  afforded  more  steam  power 
was  used.  Purchased  power  did  not  come  into  use  to 
an  appreciable  extent  until  1900.  Ten  years  afterwards 
it  had  reached  8  percent  of  the  total  power.  The  writer 
predicts  that,  as  shown,  by  1920,  38  percent  of  the  total 
amount  of  power  will  be  purchased. 

At  first  glance  this  estimate  may  appear  high,  but 
if  this  industry  grows  in  this  decade  at  the  same  aver- 


FIG.   6 — RELATIVE   AMOUNTS   OF   POWER   PRODUCED   FROM 
VARIOUS    SOURCES 

age  increase  as  during  the  past  fifty  years,  by  1920 
there  will  be  an  increase  of  537  000  horsepower,  of 
whi<:h,  it  is  safe  to  say,  the  greater  part  will  be  elec- 
tric. Furthermore,  with  the  rates  now  quoted  by  most 
power  companies,  the  greater  part  of  it  will  be  pur- 
chased power. 


Protection  of  Outdoor  Transformer  Substations 

From  Lightning 

y.  A.  Brackett 

THIS  PAPER  li'ill  net  attempt  to  cover  the  large,  hujh-voitage  sub-stations  ivliere  electrolytic  arrest- 
ers are  used,  as  that  branch  of  the  subject  is  so  large  as  to  deserve  separate  treatment.  Also,  the  use  of 
electrolytic  arresters  presumes  that  daily  inspection  will  be  made  so  that  the  arresters  may  be  charged. 
Instead  those  types  of  lightning  arresters  are  described  zvhich  are  suitable  for  the  protection  of  out-door 
transformer  installations  where  inspection  will  be  at   the  best  infrequent. 


DL'KIXC;  tlic  last  few  years  the  growtli  of  (lutdoor 
transformer  substations  has  been  most  rapid 
and  the  voltages  employed  ha\e  steadily  risen. 
Located  as  they  are  at  a  distance  from  the  main  sta- 
tions and  usually  in  quite  open  and  exposed  positions, 
they  must  bear  the  full  brunt  of  all  lightning  disturb- 


FIG.    I- 


-L0W-EQU1V.\LENT    TYPE    WESTIXGHOUSE   LKiHT.NlNC 
ARRESTER   FOR   OUTDOOR    MOUNTING 


ances,  and  if  damage  is  to  be  avoided  and  continuity 
of  service  maintained,  the  transformers  must  be  very 
well  insulated  and  well  i)rotected.  In  spite  of  this, 
many  installations  are  either  entirely  unprotected  and 
dependent  on  the  insulation  strength  of  the  trans- 
former and  the  aid  of  the  distant  power  house  arrest- 
ers, or  simple  horn  gaps  with  or  without  resistance 
are  relied  upon  as  the  sole  protection.  The  reason  for 
this  has  probably  been  the  lack  of  adequate  lightning 
arresters  of  low  cost  for  outdoor  service.  This  diffi- 
culty has  now  been  largely  overcome  by  the  production 
of  \arious  new  arresters  and  the  modification  of  cer- 
tain existing  designs. 

One  of  the  oldest  and  most  popular  types  of  ar- 
resters that  do  not  require  attention,  and  therefore  are 
suitable  for  use  in  an  unattended  substation,  is  the 
"Low-equivalent"  arrester.  This  consists  of  a  number 
of  spark  gaps  in  series  with  a  low  resistance  all 
mounted  on  a  marble  panel,  part  of  the  gaps  being  also 
shunted  by  a  resistance.  In  practice  the  gaps  usually 
occur  between  knurled  cylinders  of  non-arcing  metal 


shunt  and  series  resistances  to  ground.  If  the  dis- 
charge is  so  heavy  that  the  two  resistances  in  series 
would  .so  impede  it  as  to  cause  a  high  voltage  to  exist 
on  the  line,  the  shunted  gaps  will  also  break  down  and 
thus  short-circuit  the  shunt  resistance  and  afford  a 
much  freer  path  for  the  discharge. 

.\fter  the  discharge  has  passed  and  tiie  voltage 
falls  back  to  the  normal  potential  of  the  line,  the  series 
resistance  will  so  limit  the  current  that  it  cannot  main- 
tain an  arc  across  the  shunted  gaps  because  of  the  non- 
arcing  equality  of  the  metal  and  the  current  will  be 
drawn  out  into  the  shunt  resistance.  This  added  re- 
sistance will  still  further  reduce  the  current  to  a  value 
where  the  series  gaps  can  put  out  the  arc.  One  of 
the  great  virtues  of  this  type  of  arrester  is  the  tendency 
of  the  ga[)s  of  non-arcing  metal  to  put  out  the  arc  at 
the  end  of  the  first  half  cycle  when  the  current  is  pass- 
ing through  zero.  This  means  that  there  is  little  time 
for  burning  the  gaps  and  little  disturbance  to  the  sys- 
tem. 

While  this  general  type  of  arrester  has  been  in 
successful  use  for  many  years,  it  has  always  been  con- 
sidered an  indoor  arrester.  .Since,  however,  the  adop- 
tion of  the  rod  resistors  instead  of  the  rather  cumber- 
some non-inductive  wire-wound  resistors  formerly 
used,  the  size  has  been  materially  reduced,  and  advan- 
tage has  been  taken  of  this  fact  to  mount  these  arrest- 
ers in  weatherproof  cases   for  outdoor  service,  up  to 


I'K;.  2 — AN   ARRESTER  OK  THE  SAME  TVI'E  AS  THAT   SHOWN   IX 
FIG.    I.   HIT  WITHOIT  SERIES  RESISTANCE 

27  000  volts.     Fig.  I  shows  one  of  these  arresters  for 
outdoor  mounting  on  10  000  to  14  500  voh  lines.    One 


while  the  resistances  consist  of  rods  of  carborundum  of  these  is  used  between  each  line  and  ground, 
or  other  similar  materials.     The  unshunted  or  series  In  Fig.  2  another  arrester  of  this  type  is  shown, 

gaps   determine   the   breakdown   or  discharge   voltage  which  differs  from  the  preceding  in  that  it  has  no  series 

and  light  discharges  pass  over  them  and  through  the  resistance.     This  gives  greater  freedom  of  discharge 
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FIG.  3 — OUTDOOR  ARRESTER  OF 
THE  LOW-EQUIVALENT  TYPE 
FOR  2  200  VOLT  LOCAL  DIS- 
TRIBUTION 


IjLit  incurs  greater  risk  that  the  discharge  current  may 
in  some  cases  be  too  high  to  be  ruptured  by  the  non- 
arc-ng  qualities  of  the  gaps  alone.  Vnv  this  reason  its 
application  is  limited  to  lines  fed  by  stations  of  capaci- 
ties not  over  about  2000  k.v.a.  This  style  of  arrester 
is  made  in  two  sizes,  one  for  i  200  to  3  500  volts  and 

one  for  3  600  to  7  000 
\ults,  and  for  either  in- 
door or  outdoor  mount- 
ing. 

For  local  distribu- 
tion at  2  200  volts  there 
is  outdoor  protection 
available  in  the  arrester 
shinvn  in  its  two-pole 
form  in  Fig.  3.  This 
arrester  is  a  simplified 
low  equivalent  type  using 
the  same  non-arcing  met- 
al gaps  and  a  series  re- 
sistance for  each  phase 
leg.  In  the  arrester  shown  there  is  one  set  of  six 
gaps,  the  middle  point  of  which  is  grounded.  Between 
each  line  and  each  end  gap  is  connected  a  100  ohm 
resistance  rod,  thus  inserting  100  ohms  resistance  and 
three  gaps  in  series  to  ground  from  each  line.  Xo 
shunt  resistance  is  used.  The  series  resistance  rend- 
ers this  arrester  suitable  for  use  on  circuits  of  any 
capacity,  while  the  non-arcing  character  of  the  gaps 
usually  quenches  the  discharge  arc  at  the  end  of  the 
first  half  cycle  of  the  generator  current. 

For  the  outdoor  protection  of  6600  volt  trans- 
formers an  entirely  new  arrester  is  now  available 
which  does  not  require  a  wooden  box  for  protection. 
This  arrester  shown  in  Fig.  4  is  single  pole  and  con- 
sists of  nine  non-arcing  metal  gaps  irr  series  with  a 
resistance  rod.  These  gaps 
are  formed  between  punched 
metal  cups  strung  upon  a  cen- 
tral insulated  rod.  The  up- 
per end  of  this  rod  is  cement- 
ed into  a  porcelain  insulator 
whose  cap  is  provided  with  a 
cast  eye  by  which  the  arrester 
may  be  suspended  from  the 
cross  arm  of  the  pole  or  from 
the  line  wire.  The  metal 
cups  are  accurately  spaced 
apart  by  specially  moulded 
porcelain  washers.  Below  the 
gaps  the  resistance  rod  is  en- 
closed in  a  w-eatherproof 
bakelite  micarta  tube.  The  only  protection  required 
for  outdoor  mounting  is  the  conical  metal  hood  that 
shields  the  gaps. 

One  important  feature  of  the  design  of  this  ar- 
rester is  the  metal  rod  through  the  center.  Not  only 
does  this  serve  as  a  backbone  and  to  tie  the  parts  of 


FIG.  4 — 6600  VOLT  ARRES- 
TER FOR  OUTDOOR  SERV- 
ICE. WITH  AND  WITHOUT 
RAIN    SHIELD 


the  arrester  together,  but  since  it  is  at  ground  potential 
it  greatly  increases  the  charging  current  across  the 
upper  gaps,  which  are  really  small  condensers.  If 
these  gaps  were  only  in  effect  a  number  of  condensers 
in  series,  the  voltage  would  divide  up  evenly  among 
them,  since  the  charging  current  would  be  the  same 
in  all  cases.  However,  besides  the  series  capacity  ef- 
fect each  metal  cup  has  a  shunt  capacity  to  ground, 
and  this  is  greatly  increased  by  the  proximity  of  the 
center  rod  at  ground  potential.  This  shunt  capacity 
charging  current  is  added  to  the  series  capacity  cur- 
rent and  it  is  evident  therefore  that  the  upper  gaps 
carry  not  only  the  series  capacity  current  but  the  shunt 
capacity  current  of  all  the  lower  gaps  as  well.  As  the 
voltage  across  any  gap  is  proportional  to  the  product 
of  the  current  times  the  capacity,  the  voltage  across  the 
upper  gaps  is  much  higher  than  that  across  the  lower 
gaps.  Accordingly  it  requires  only  a  slight  rise  of  po- 
tential to  break  down  the  upper  gaps.  This  transfers 
the  voltage  strain  to  the  lower  gaps,  which  in  turn 
break  down  in  the  same  way.  It  is  thus  possible  to 
use  a  much  larger  number  of  gaps  in  series  for  a  given 
breakdown  voltage  than  would  be  possible  if  the  cen- 
tral rod  at  ground  potential  were  not  used  to  render 
the  upper  gaps 
more  sensitive  .  to 
rises  of  potential. 
This  results  in 
greater  arc-ruptur- 
ing power  for  the 
arrester,  since  after 
it  breaks  down  the 
discharge  current  so 
far  exceeds  t  h  e 
shunt  capacity  cur- 
rent that  the  latter 
becomes  negligible  and  the  voltage  between  the  gaps 
becomes  practically  uniform. 

This  arrester,  though  designed  especially  for  use 
on  6  600  volt  lines,  may  be  used  iwo  in  series  on  11  000 
or  13200  volt  lines,  by  placing  an  extra  insulator  be- 
tween the  extra  arrester  and  the  point  of  mechanical 
support.  Its  simple  construction,  adaptability  for 
either  6600  or  13000  volts  service,  and  its  avail- 
ability for  either  indoor  or  outdoor  service,  should 
make  this  arrester  very  useful  hereafter  for  the  pro- 
tection of  the  large  number  of  6  600,  11  000  and  13  000 
volt  outdoor  transformers  now  coming  into  use. 

A  choke  coil  is  shown  in  Fig.  5  which  is  suitable 
for  either  indoor  or  outdoor  service  up  to  27  500 
volts.  A  unique  feature  is  the  design  of  the  insulator 
supports  which  are  so  arranged  that  either  end  may 
be  attached  to  either  the  coil  or  base,  so  that  the  coil 
may  be  supported  either  from  above  or  below.  The 
choking  power  of  this  design  is  about  ten  times  that 
of  the  ordinary  hour  glass  coil  and,  owing  to  the  me- 
chanical construction,  it  is  impossible  for  the  turns  to 
be  pulled  together  due  to  sagging  or  distortion  caused 
by  the  magnetic  forces  during  short-circuits. 


FIG.  5 — CHOKE  COIL  WITH  OUTDOOR 
MOUNTING  FOR  USE  IN  CONNECTION 
WITH  LIGHTNI.VG  ARRESTERS  OF  THE 
OUTDOOR   TYPE 


Shop  Testing  of  Electrical  Apparatus— XVIII 


SINGLE-PHASE  TRANSP^ORMERS  (Cont.) 


TEMPERATURE    RUN 

THE  temperature  run  is  made  to  determine  tlie 
temperature  rise  under  given  load  conditions 
and  to  demonstrate  the  quality  of  the  material 
used  and  the  workmanship,  in  so  far  as  is  possible  in 
a  shop  test.  Transformers  may  be  loaded  directly  on 
resistance  racks  or  other  means  of  dissipating  power; 
or  two  or  more  of  them  in  combination  may  be  loaded 
artificially  by  the  opposition  or  loading  back  method 
which  consists  in  connecting  the  transformers  so  that 
while  they  are  subjected  to  normal  rated  voltage  anl 
current,  the  only  power  to  be  supplied  from  an  exter- 
nal source  is  the  power  necessar)-  to  supply  the  losses 
in  the  transformers.  The  scheme  of  connection  or- 
dinarily used  in  making  this  test  is  shown  in  Figs.  17 
and  18.  As  regards  the  voltage  due  to  the  magnetiz- 
ing; transformer,  the  two  transformers  under  test  are 


FIGS.     17    AND     18 — LOADING    BACK     METHOD    OF    CONXFXTION     FOR 
THSTIXG   TWO   SIXGI.E-PH.\SE  TRANSFORMERS 

The  diflference  between  the  connections  of  the  two  fig- 
ures is  that  in  one  case  the  load  current  is  supplied  to  the 
low  tension  windings  and  in  the  other  to  the  high  tension, 
covering  liigh  voltage  and  low  voltage  transformers  re- 
spectively. 

in  parallel.  The  magnetizing  transformer,  therefore, 
supplies  the  combined  core  loss  and  volt-amperes  ex- 
citation of  the  two  transformers  on  test.  With  regard 
to  the  loading  transformer,  the  two  transformers  being 
tested  are  in  series.  The  voltage  required  to  circulate 
full-load  current  in  the  windings  will  be  equal  to  the 
sum  of  the  impedance  voltages  of  the  transformers 
under  test.  The  magnetizing  voltage  and  the  current 
supplying  the  copper  losses  may  be  supplied  from  the 
same  phase  of  a  three-phase  supply  or  may  be  sup- 
plied from  different  phases  or  from  different  genera- 
tors. In  all  cases  the  load  current  as  well  as  the  mag- 
netlzing  voltage  should  be  of  normal  rated  frequency 
for  the  transformer  being  tested. 

The   relative  phase   relation  of   the   load  current 


and  the  magnetizing  current  tends  to  boost  the  load 
current.  Of  the  six  different  combinations  possible 
when  loading  from  a  three-phase  supply,  the  relative 
phase  relation  of  the  magnetizing  current  and  the  load 
current  should  be  such  that  the  magnetizing  current 
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FIGS.    19   AND   20 — DIAGRAMS    SHOWING    METHODS   OF   CONXECTIN'C 
INDIVIDUAL    TRANSFORMERS    FOR    LOADING    BACK 

tends  to  give  the  smallest  possible  positive  boost  to  the 
load  current,  since  this  condition  gives  nearest  normal 
current  in  all  windings  of  both  transformers.  In  all 
cases,  however,  the  load  current  should  be  adjusted 
until  the  ammeter  indicates  normal  current;  then  the 
transformers  are  fully  loaded  and  magnetized. 

The  method  of  loading  transformers  just  de- 
scribed is  applicable  only  when  there  are  two  or  more 
similar  transformers  to  be  tested.  \\'hen  it  is  neces- 
sary to  test  a  single  transformer,  several  methods  are 
available,  the  most  common  of  which  are  shown  in 
Figs.  19,  20  and  21.  The  method  shown  in  Fig.  19 
is  applicable  to  any  single-phase  transformer  when 
the  high  tension  winding  and  the  low  tension  winding 
can  be  divided  into  two  equal  parts.  The  disadvantage 
of  this  method  is  that  two  separate  loading  transform- 
ers are  required  to  circulate  the  copper  loss  current 
in  the  windings.  The  scheme  of  connections  shown 
in  Fig.  20  is  applicable  to  core-type  transformers  with 
non-interlaced  windings  only,  on  account  of  the  fact 
that  a  core-type  transformer,  when  connected  as 
shown,  will  have  sufficient  magnetic  leakage  to  allow 
the  current  to  circulate  in  the  windings. 

The  alternate  open-circuit  and  short-circuit  meth- 
od of  loading  a  transformer.  Fig.  21,  is  eft'ected  by  first 
exciting  the  transformer  to  be  tested  so  as  to  obtain  a 
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FIG. 


21 — CON.VECTIONS   FOR   LOADING   .<   TRANSFORMER   BV   THE   AL- 
TERNATE OPEX-CIRCLIT   AND    SHORT-CIRCUIT    METHOD 


core  loss  equal  in  value  to  the  total  losses  of  the  trans- 
former, and  running  it  on  open-circuit  with  this  exci- 
tation for  a  fraction  of  a  period  t  previously  decided 
upon,  equal  to  the  ratio  of  the  normal  iron  loss  to  the 
total  loss.     The  transformer  is  next  run  on  short-cir- 
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cuit  witli  a  current  in  the  windings  of  sucli  value  as  to 
give  a  short-circuit  loss  equal  to  the  total  loss  for  the 
remainder  of  the  period  /,  which  is  a  fraction  of  the 
total  period  equal  to  the  ratio  of  the  normal  cop|>er 
loss  to  the  total  loss.  The  cycle  is  repeated  until  the 
steady  conditions  are  reached.  With  a  length  of  j^eriod 
not  too  great,  this  method  will  give  results  closely  ap- 
proximating those  obtained  by  the  opposition  method. 
Temperature  tests  on  transformers  are  generally 
run  at  normal  rated  load  until  steady  temperature  con- 
ditions have  been  attained.  In  order  to  shorten  the 
time  required  for  the  transformers  to  reach  normal 
operating  temperature,  an  overload  (usually  125  per- 
cent current  and  120  percent  voltage  on  60  cycle  trans- 
formers, or  125  percent  current  and  no  percent  volt- 
age on  25  cycle  transformers)  may  be  applied  at  the 
beginning  of  the  run  for  such  a  time  as  will  bring  the 
transformers  to  approximately  the  final  steady  tem- 
perature. It  has  been  found  by  experiment  that  ap- 
proximately six  hours  with  the  overloads  mentioned 
in  the  preceding  sentence  will  bring  a  large  power 
transformer  to  approximately 
the  steady  temperature,  with 
shorter  time  for  the  smaller 
sizes.  At  the  end  of  this 
time  the  voltage  and  current 
are  reduced  to  normal  and  the 
run  continued  until  the  nor- 
mal operating  temperature  is 
attained.  This  will  usually 
take  between  14  and  20  hours 
on  large  power  transformers 
and  six  to  eight  hours  for 
smaller  distributing  trans- 
formers. If  overload  runs 
are  to  be  made,  they  should 
immediately  follow  the  nor- 
mal full  load  run. 

The  temperature  of  the 
room  air  should  be  kept  as  nearly  uniform  as  possible 
at  all  times  during  a  temperature  run.  During  the 
last  two  hours  of  the  temperature  run  the  air  temper- 
ature should  not  vary  over  1.5  degrees,  owing  to  the 
fact  that  the  change  in  temperature  of  the  trans- 
former due  to  the  change  in  temperature  of  the  air 
lags  an  amount  which  may  introduce  an  error  into 
the  determination  of  the  temperature  rise.  The  tem- 
perature used  as  a  base  for  computing  the  rise  should 
be  the  average  air  temperature  during  the  last  two 
hours  of  the  run. 

Temperature  runs  on  single-phase  power  trans- 
formers are  generally  made  by  the  opposition  method 
two  at  a  time.  At  times,  however,  three  single-phase 
units  are  tested  at  once  by  magnetizing  closed  delta 
from  a  three-phase  supply  and  loading  open  delta  from 
a  single-phase.  Since  the  procedure  for  this  method 
is  similar  to  that  for  a  test  on  a  three-phase  unit  it 
will  not  be  described  at  present  but  will  be  dealt  with 
under  three-phase  tests.     Before  starting  a  test   the 


L.T.  ginriifi|> 


FIG.  22 — SECTIONAL  DI.\- 
GRAM  SHOWING  METH- 
OD OF  PLACING  THER- 
MOMETER IN  A  FIBRE 
TUBE  BETWEEN  LOW 
TENSION  COILS 


transformer  tanks  should  lie  separated  from  each  other 
and  from  any  walls  by  a  distance  at  least  equal  to  the 
width  of  one  of  the  tanks  in  order  that  there  be  ample 
ventilation.  If  the  transformers  are  of  the  shell  type 
construction  a  fibre  tube  of  slightly  larger  internal  di- 
ameter than  a  thermometer  should  be  placed  firmly 
lictween  two  low-tension  coils,  as  shown  in  Fig.  22. 
Xo  tubes  can  be  placed  in  core  type  transformers,  and 
the  temperature  of  the  adjacent  oil  or  that  given  by 
thermometers  jilaccd  against  the  surface  of  the  high 
tension  coils  is  taken  as  that  of  the  windings. 

Since  the  temperature  rise  of  a  transformer  is 
based  on  the  cold  resistance,  the  greatest  care  should 
be  taken  to  get  this  resistance  accurately  and  to  get  the 
correct  temperature  of  the  windings  at  the  time  of  tak- 
ing the  resistance.  The  resistance  measuring  leads 
should  be  connected  directly  across  the  terminals  of 
the  transformer  at  such  points  as  may  be  easily  dupli- 
cated for  the  hot  resistance,  and  the  resistance  of  all 
separate  coils  of  both  high  tension  and  low  tension 
sides  measured.  The  thermometers  used  to  measure 
the  temperature  of  the  transformers  should  be  placed 
against  the  low  tension  coils  and  should  remain  there 
r.  suflkient  time  to  be  sure  that  the  correct  tempera- 
ture is  obtained. 

The  thermometer  for  observing  the  coil  temper- 
ature should  l,)e  tied  to  a  cord  and  lowered  into  each 
Ihermonieter  tube  in  such  a  manner  that  it  may  be 
quickly  drawn  out  when  taking  readings.  The  use  of 
these  tubes  insures  the  return  of  the  thermometers  to 
the  same  places  in  the  transformer  after  each  reading. 
In  order  that  the  temperature  of  the  oil  in  each  trans- 
former may  be  determined,  a  thermometer  should  be 
hung  in  each  transformer  with  its  l)ulb  about  two 
inches  under  the  oil.  A  thermometer  for  indicating 
the  temperature  of  the  surrounding  air  shouid  be  hung 
about  fixe  feet  above  the  floor  and  at  such  a  distance, 
usually  about  six  feet  from  the  transformer,  that  it 
will  not  l)e  alTected  by  radiation.  A  thermometer  used 
to  indicate  the  air  temperature  of  a  very  small  trans- 
former should  be  hung  about  half  the  height  of  the 
tank  from  the  floor,  as  the  air  near  the  floor  may  be 
cooler  than  that  higher  up  in  the  room.  After  having 
placed  all  thermometers  and  checked  the  voltage  and 
current  capacities  of  the  magnetizing  and  loading 
transformers,  the  switch  connecting  the  loading  trans- 
former to  the  power  circuit  should  be  closed,  applying 
a  very  low  voltage  to  the  load  circuit  of  the  two  trans- 
formers. The  switch  short-circuiting  the  ammeter 
should  then  be  opened  and  the  value  of  the  current  ob- 
served. The  current  should  then  be  gradually  in- 
creased to  normal.  The  ammeter  should  always  be 
short-circuited  when  making  adjustments  of  current 
or  voltage.  When  changing  taps  on  the  variable  ratio 
magnetizing  and  loading  transformers,  always  open 
the  oil  switch  connecting  those  transformers  to  the 
power  circuit. 

The  load  current  having  been  adjusted  to  its  cor- 
rect value,   the  oil-switch  connecting  the  magnetizing 
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transformer  to  the  power  circuit  should  be  closed,  and 
the  voltage  on  the  transformer  raised  to  normal.   After 
the  magnetizing  voltage  has  been  adjusted  to  its  nor- 
mal value,  the  oil-switch  connecting  the  magnetizing 
transformer  to  the  power  circuit  should  be  opened  and 
closed,   the   load   annneter   being  observed   when   the 
switch  is  open  and  when  it  is  closed.    When  the  switch 
is  closed  the  ammeter  should  show  a  slightly  increased 
deflection  or.  if  the  magnetizing  current  is  a  very  small 
percentage  of  the  load  current,  the  needle  of  the  am- 
meter may  swing  slightly  in  a  positive  direction    and 
finally  settle  to  its  original  position,  showing  no  read- 
able increase  in  the  current.     When  testing  very  large 
transformers  full  voltage  should  never  be  applied  in- 
stantly.    A  reduced  voltage,  usually  about  60  percent 
of  the  normal,  should  be  applied  first,  and  afterward 
gradually    increased   to    normal.      This    precaution    is 
taken  to  prevent  a  surge  of  exciting  current  which  may 
occur   when  normal   \oltage   is   applied   to   any  large 
transformer,    and    especially    those    transformers    de- 
signed for  25  cycle  service.    While  this  surge  may  not 
be  detrimental  to  the  transformer  being  tested,  it  will 
tend  to  wreck-  the  transformer  supplying  the  magnetiz- 
ing current,  and  especially  the  induction  regulator  if 
one  is  used  to  regulate  the  voltage.     Should  the  am- 
meter show  a  decreased  deflection  when  the  magnet- 
izing voltage  is  applied,  or  should  the  needle  swing  in 
a  negative  direction,  the  oil  switches  for  both  the  mag- 
netizing and  loading  transformers  should  be  opened, 
and   the   leads    of    the   magnetizing   circuit    reversed. 
After  the  leads  have  been  interchanged  and  the  normal 
load   again   applied,   the   ammeter   reading  should   be 
again  observed  and  the  effect  of  the  magnetizing  cur- 
rent on  the  load  current  noted.    If  the  ammeter  needle 
shows   an  excessive   increase   in   deflection   when   the 
magnetizing  current   is   superimposed   upon   the   load 
current,  the  switches  should  be  opened,  and  the  leads 
changed  so  that  the  magnetizing  voltage  is  taken  from 
another    phase    supply,    that    connection    being    used 
which  gives  the  smallest  possible  positive  boost  to  the 
load  current.    The  switches  should  then  be  closed  and 
the  current  in  the  windings  adjusted  to  123  percent  of 
the    normal    rated    value.      The    magnetizing   voltage 
should  be  adjusted  to  120  percent  of  the  normal  rated 
voltage  for  60  cycle  and  no  percent  for  25  cycle  trans- 
formers.   These  overloads  are  continued  until  approx- 
imately load  temperature  is  reached  when  the  current 
and  voltage  should  be  reduced  to  normal,  and  the  run 
continued  until  the  transformers  reach  a  steady  tem- 
perature.    From  the  time  the  current  and  voltage  are 
reduced  to  normal  until  the  temperature  has  become 
constant  the  readings  of  all  thermometers  and  meters 
should  be  observed  every  half  hour  and  recorded  on 
the  proper  forms. 

When  the  temperature  of  the  transformers,  as  in- 
dicated by  the  thermometers  in  the  oil  and  on  the  coils, 
has  been  constant  for  four  consecutive  half -hour  read- 
ings, and  the  surrounding  air  has  not  varied  over  1.5 
degrees   during  the    four   readings,   the   transformers 


are  disconnected  and  the  hot  resistance  of  the  trans- 
former measured.  The  connection  of  the  resistance 
measuring  leads  to  the  transformer  terminals  must  be 
at  exactly  the  same  point  or  place  used  when  measur- 
ing the  cold  resistance  and  the  operation  carried  out  as 
rapidly  as  is  consistent  with  accuracy.  In  order  to  de- 
crease the  time  required,  all  possible  preparation 
should  be  made  before  disconnecting  the  transformers 
from  the  source  of  power.  The  bridge  should  be  set 
in  a  position  convenient  to  both  transformers  and  the 
ratio  and  resistance  arms  of  the  bridge  set  at  their  ap- 
proximate readings. 

In  measuring  rise  of  temperature  in  water-cooled 
transformers  the  temperature  of  the  ingoing  water  is 
used  as  a  basis  for  the  calculations  of  temperature  rise 
instead  of  the  temperature  of  the  surrounding  air.  In 
the  beginning  of  the  heat  runs  of  water-cooled  trans- 
formers, it  is  customary  not  to  start  the  circulation  of 
water  until  the  transformer  has  reached  approximate- 
ly its  normal  operating  temperature.  Similarly,  in 
testing  air  blast  transformers  or  forced-cooled  trans- 
formers, the  artificial  cooling  is  not  started  until  the 
transformer  has  reached  approximately  its  normal 
operating  temperature. 

Assuming  that  the  full  load  run  is  to  be  followed 
by  some  definite  overload  run  which  will  not  bring 
the  transformers  to  a  constant  temperature,  it  is  im- 
perative that  the  run  be  started  at  the  full-load  operat- 
ing temperature.  If  the  temperature  of  the  transform- 
ers has  fallen  appreciably  during  the  time  required 
to  measure  hot  resistances  and  reconnect  them,  the 
run  should  be  continued  under  full-load  current  and 
normal  voltage  until  the  temperature  rise  has  again 
reached  the  same  value  as  at  the  end  of  the  full-load 
run.  The  specified  overload  should  then  be  applied 
and  readings  taken  of  all  thermometers  and  meters 
every  half  hour  during  the  run.  If  a  specified  over- 
load is  to  run  until  steady  temperature  conditions  have 
been  attained,  the  precautions  given  in  the  preceding 
paragraph  need  not  be  observed,  but  the  overload  may 
be  applied  immediately  after  measuring  the  hot  re- 
sistance at  the  end  of  the  preceding  run.  When  a  load 
run  is  specified  for  a  stated  period  which  will  not  bring 
the  transformer  to  its  maximum  temperature,  for  in- 
stance, 100  percent  load  for  eight  hours,  the  cold  tem- 
perature of  the  coils  and  the  oil  should  be  the  same 
before  beginning  the  run. 

INSULATION   TESTS 

Electrically  considered,  the  weakest  point  of  a 
transformer  is  its  insulation.  It  is  essential,  therefore, 
that  any  possible  defects  in  the  insulation,  due  to  poor 
material  or  damage  received  during  the  process  of 
manufacture,  be  detected  and  eliminated  before  plac- 
ing the  transformer  in  service.  Insulation  tests  are 
made  on  completed  transformers  for  determining  the 
effectiveness  of  the  insulation.  This  can  be  determ- 
ined by  actual  test  only.  However,  a  careful  mechan- 
ical inspection  is  often  of  value  in  eliminating  condi- 
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lions  that  might  cause  a  break-down  unless  corrected 
before  making  the  electrical  tests.  This  inspection 
should  cover  the  following  points  or  others  of  like 
nature : — 

I — The  condition  of  the  terminal  boards  as  to  dirt, 
or  other  foreign  matter,  and  cracks  in  porcelain  bush- 
ings. 

2 — The  clearance  of  leads  from  each  other,  and 
from  any  metal  that  may  be  considered  as  a  ground. 

3 — The  condition  of  such  portions  of  the  insula- 
tion as  are  exijosed. 

The  insulation  of  a  transformer  is  usually  sub- 
jected to  the  following  tests : — 

I — Insulation  resistance  measurements. 

a — High  tension  to  low  tension. 

b — High  tension  to  core. 

c — Low  tension  to  core. 
2 — Disruptive  tests. 

a — Higli  tension  to  low  tension  and  core. 

b — Low  tension  to  core. 
3 — Overpotential  tests. 

INSULATION   RESISTANCE 

A  high  insulation  resistance  is  not  an  absolute  in- 
dication of  the  effectiveness  of  the  insulation,  yet  in 
most  cases  when  the  insulation  resistance  is  satisfac- 
tory no  trouble  will  be  experienced  when  the  disrup- 
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FIG.    23 — DIAGR.\M    OF    A    DISRUPTION    TEST    SHOWING    METHOD    OF 
CONNECTING   SPHERE-GAP 

tive  tests  are  applied  This  test  is  usually  required  on 
transformers  in  which  the  major  portion  of  the  insu- 
lation is  of  a  fibrous  nature  and  such  transformers 
should  never  receive  the  disruptive  tests  unless  the  in- 
sulation resistance  is  satisfactory,  as  low  insulation  re- 
sistance is  usually  an  indication  of  the  presence  of  a 
dangerous  amount  of  moisture  or  other  foreign  mat- 
ter. A  resistance  of  2.5  megohms  at  approximately 
70  degrees  C.  for  every  thousand  volts  test  voltage  is 
usually  required  for  very  high  voltage  transformers. 
For  low  voltage  transformers  1.75  megohms  per  thou- 
sand volts  test  voltage  may  be  considered  satisfactory. 
The  insulation  resistance  is  usually  measured  by  means 
of  a  megger,  or  by  the  series  voltmeter  method.* 

DISRUPTIVE  TESTS 

Disruptive  tests  should,  in  general,  be  made  after 
the  transformer  is  completely  assembled,  and  not  on 
the  individual  parts.  The  transformer  should  be  in 
good  condition,  and  the  clearance  for  all  leads  from 
each  other  and  from  the  tank  should  be  the  same  as 
for  normal  operation.  Unless  otherwise  specified, 
these  tests  should  be  made  with  the  transformer  at 
approximately  normal  operating  temperature.  There- 
fore, in  the  majority  of  cases  it  is  most  convenient 
and  most  economical  to  make  these  tests  immediately 


after  the  temperature  runs.  If  no  temperature  runs 
are  made  it  should  be  short-circuited  and  run  for  suf- 
ficient time  to  heat  it  to  approximately  normal  oper- 
ating temperature.  To  accomplish  this,  one  winding, 
usually  the  low  tension,  should  be  short-circuited,  and 
suflicient  voltage  imjiressed  in  the  other  winding  to 
cause  some  definite  percent  (usually  125  percent)  of 
full-load  current  to  flow  in  the  windings.  This  short- 
circuit  run  should  be  continued  for  such  a  period  as 
will  bring  the  transformer  to  approximately  normal 
operating  temperature.  The  test  voltage  which  should 
be  applied  to  determine  the  effectiveness  of  the  insu- 
lation is  dependent  upon  the  type  and  size  of  the  trans- 
former and  its  normal  oi)erating  voltage ;  upon  the 
nature  of  the  service  in  which  it  is  to  be  used  and  the 
severity  of  the  mechanical  and  electrical  stresses  to 
which  it  is  liable  to  be  subjected. 

When  disruptive  tests  are  made  with  60  000  volts 
or  more,  a  spark-gap  should  always  be  used.  Without 
a  sjjark-gap  there  is  no  measure  of  the  actual  testing 
voltage,  because  of  the  voltage  rises  in  the  testing  cir- 
cuit by  the  electrostatic  capacity  of  the  transformer 
under  test,  by  reason  of  which  the  ratio  of  the  testing 
transformer  cannot  be  taken  as  equal  to  the  ratio  of 
the  number  of  turns.  When  a  needle  gap  is  used,  the 
setting  for  a  given  voltage  may  be  determined  from 
the  standard  A.  I.  E.  E.  calibration  curve*  for  this 
type  of  gap.  This  gap  is  seldom  used  for  voltages 
above  100  ocx)  because  the  formation  of  corona  on  the 
needle  points  renders  it  unreliable.  After  each  dis- 
charge of  a  needle  gap  the  the  needles  must  be  re- 
placed, otherwise  the  calibration  of  the  gap  is  changed. 

\\'hen  a  sphere-gap**  is  used,  the  proper  setting 
for  a  given  voltage  must  be  determined  from  a  calibra- 
tion curve  furnished  with  the  gap.  The  sphere-gap  has 
the  advantage  that  there  are  no  spark-points  to  be  re- 
newed and  that  its  calibration  is  practically  constant, 
being  almost  totally  unaffected  by  atmospheric  condi- 
tions. The  sphere-gap  however,  should  not  be  used 
when  the  separation  of  the  spheres  is  greater  than 
their  diameter  since  the  formation  of  corona  just  pre- 
ceding the  breakdown  renders  it  inconsistent.***  In 
all  cases  when  a  spark-gap  is  used,  whether  a  needle 
or  a  sphere-gap,  sufficient  non-inductive  resistance 
(usualy  about  one  ohm  per  volt)  should  be  inserted 
in  series  with  the  gap  to  limit  the  current  at  discharge 
to  a  small  amount.  The  circuit-breaker  in  the  low 
tension  circuit  of  the  testing  outfit  should  be  set  to 
open  when  a  discharge  occurs  across  the  gap  or  should 
a  breakdown  occur  in  the  transformer.  The  spark- 
gap  should  be  connected,  as  shown  in  Fig.  23,  and 
the  distance  set  according  to  the  calibration  curve. 
The  circuit  breaker  in  the  low  tension  circuit  should 


*See  Section  II,  in  the  Journal  for  February,  1913,  p.  146. 


*Given  in  Fig.  6,  p.  294,  of  the  Journal  for  March,  1913. 

**See  article  on  "The  Sphere-gap"  in  the  Journal  for 
May,  1913.  p.  455.  Also,  curve  in  Fig.  6,  p.  295,  of  the 
Journal  for  Marcli,  1913. 

***See  "The  Dielectric  Strength  of  Air."  The  Philo- 
sophical Magazine  and  Journal  of  Science,  Volume  II,  Sixth 
series,  p.  237. 
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be  set  to  open  at  the  first  discharge  across  the  gap. 
The  voltage  should  then  be  raised  gradually  until  a 
discharge  takes  place  in  the  gap,  when  the  voltmeter 
across  the  low  tension  circuit  should  be  read.  The 
regulator  should  then  be  turned  to  the  lowest  point, 
the  oil-switch  in  the  low  tension  circuit  opened  and 
the  spark-gap  adjusted  for  a  voltage  ten  percent  higher 
than  the  test  voltage.  The  oil-circuit-breaker  and  oil- 
switch  in  the  low  tension  circuit  should  then  be  closed 
in  succession  and  the  voltage  raised  to  the  value 
indicated  by  the  voltmeter  at  the  instant  of  the  dis- 
charge in  the  ga[)  previously.  After  this  test  has  been 
applied  for  the  specified  period,  usually  one  minute, 
it  .should  be  reduced  gradually  and  continuously  to 
the  lowest  value  possible  and  the  oil-switch  in  the  low 
tension  circuit  opened.  Care  should  be  taken  in  all 
cases  not  to  increase  or  decrease  the  test  voltage  in 
large  steps. 

All  test  voltages  specified  are  root-mean-square 
values  of  a  sine  wave  e.m.f.  The  length  of  time  the 
test  voltage  should  be  applied  depends  upon  the  ratio 
of  the  test  voltage  to  the  normal  voltage  of  the  trans- 
former under  test.  While  the  insulation  of  the  trans- 
former under  test  may  stand  the  momentary  applica- 
tion of  a  voltage  three  or  four  times  normal,  the  con- 


FIG.    24 — DI.\r,RAM    OF    COXXECTIONS    FOR   OVER-POTEXTI.\L    TEST 

tinued  or  repeated  application  of  such  a  voltage  would 
probably  weaken  the  insulation  permanently.  When 
making  disruptive  tests  the  voltage  should  always  be 
increased  or  decreased  gradually  and  continuously. 
This  may  be  done  by  any  one  of  several  methods, 
which,  in  order  of  preference,  are  as  follows : — 

l^By  means  of  an  adjustable  field  alternator  and  a  fixed 

ratio  liigh  potential  testing  transformer. 
2 — By  means  of  a  regulating  transformer  with  a  floating 

induction  regulator    and  a  fi.xed  ratio  high  potential 

testing  transformer. 
3^By  means  of  a  step-by-step  potential  regulator    and  a 

fixed  ratio  high  potential  testing  transformer. 

When  making  insulation  tests  between  the  high 
tension  winding  and  the  low-tension  winding  and  core, 
the  low  tension  winding  should  always  be  thoroughly 
grounded  to  the  core.  If  this  is  not  done,  the  low- 
tension  will  act  as  one  plate  of  a  condenser  and  an  in- 
duced potential  be  set  up  which  may  strain  the  insu- 
lation much  more  than  would  the  test  voltage  for 
which  it  is  designed.  For  similar  reasons,  when  test- 
ing the  insulation  of  a  transformer  having  a  number 
of  taps  on  the  respective  windings,  all  taps  on  each 
winding  should  be  short-circuited  and  the  terminals 
of  the  respective  windings  connected  together  outside 
the  tank.  If  the  test  voltage  is  applied  to  only  one 
terminal  without  short-circuiting  the  taps,  the  poten- 
tial strain  will  var\-  throughout  the  winding,  and  at 


some  places  may  be  even  greater  than  at  the  terminal 
where  the  voltage  is  applied.  Under  such  conditions 
the  voltmeter  reading  or  the  discharge  across  the 
spark-gap  may  not  be  a  true  indication  of  the  maxi- 
mum voltage  to  which  the  insulation  is  subjected. 

0VERP0TE^'TI.^L  TEST 

While  the  insulation  of  a  transformer  may  give 
no  trouble  at  normal  voltage,  it  may  break  down  at  an 
applied  voltage  in  excess  of  normal,  such  as  would  be 
caused  by  a  line  surge.  The  ability  of  a  transformer 
to  withstand  such  a  surge  depends  upon  the  insulation 
between  turns  and  layers.  To  determine  the  effective- 
ness of  this  insulation  the  overpotential  test  is  applied, 
usually  after  the  disruptive  tests,  since  it  will  then 
make  apparent  any  damage  which  may  have  been  done 
the  insulation  between  times  by  the  preceding  tests. 

This  test  is  usually  made  with  200  to  400  percent 
of  normal  voltage;  therefore,  if  normal  frequency  is 
used  to  make  this  test  the  exciting  current  will  be 
excessive.  In  order  to  prevent  this  excessive  current, 
the  test  should  be  made  with  increased  frequency.  If 
the  frequency  be  increased  in  direct  proportion  to  the 
voltage  there  will  be  no  increase  in  the  magnetic  den- 
sity and  the  exciting  current  will  be  approximately 
the  same,  but  the  kilovolt  amperes  required  to  make 
the  test  will  increase  in  proportion  to  the  voltage. 
Where  this  is  of  no  importance  it  is  customar)'  to 
test  25  cycle  transformers  on  60  cycles  and  60 
cycle  transformers  on  125  or  133  cycles.  Where 
testing  is  done  on  a  large  scale,  it  is  customary  to  use 
500  cycle  current  on  low  and  medium  voltages.  If, 
however,  the  high  tension  voltage  would  exceed  40  000 
volts,  the  test  should  be  made  with  a  lower  frequency, 
to  prevent  an  abnormal  voltage  rise  that  may  result 
by  reason  of  the  high  frequency  and  the  electro-static 
capacity  of  the  transformer  being  tested. 

The  transformer  should  then  be  connected  for  the 
over-potential  test  according  to  the  diagram  in  Fig. 
24.  After  all  connections  have  been  made,  the  oil- 
switch  connecting  the  testing  transformer  to  the  sup- 
ply circuit  should  be  closed,  applying  a  low  voltage  to 
the  transformer  under  test.  If  there  are  no  indica- 
tions of  trouble,  the  voltage  should  be  gradually  in- 
creased to  the  specified  test  value  (usually  200  to  400 
percent  of  normal  voltage)  and  the  test  continued  for 
the  specified  period  (usually  five  minutes).  The  volt- 
meter should  be  observed  at  frequent  intervals,  as  a 
sudden  drop  in  the  voltage  is  an  indication  of  a  short- 
circuit  in  the  transformer  under  test.  Should  there 
be  a  short-circuit  initially,  difficulty  will  be  experi- 
enced in  adjusting  tlie  voltage  of  the  testing  circuit 
to  the  required  value. 

If  the  terminal  voltage  of  the  transformer  to  be 
tested  woiild  be  higher  than  can  be  obtained  from  the 
testing  transformer,  a  single  transformer  of  suitable 
ratio  should  be  used,  rather  than  to  step  up  the  voltage 
successively  through  several  transformers,  as  in  the 
latter  case  there  is  a  possibilit\'  of  excessive  voltage 
being  produced  through  resonance. 
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1065 — Water  Purification  By  Ozone — 
Please  refer  us  to  recent  works  or 
articles  on  water  purification  by 
means  of  ozone.  l.  j.  s.  (Mass.) 

Proceedings  American  Water  Works 
Association,  1910,  article  by  Walden  & 
Powell;  Popular  Electricity,  191 1,  pp. 
4,39  to  441,  "Ozonized  Water  for  St. 
Petersburg" ;  Electrical  World,  Novem- 
ber, 191 1,  "Production  and  Uses  of 
Ozone  in  Europe" ;  Engineering  News, 
April  28,  1910,  "The  Production  and 
Utilization  of  Ozone  with  Special 
Reference  to  Water  Purification" ; 
Engineering  Record,  July  20,  1912.  "The 
Commercial  Production  of  Ozone" ; 
Scientific  .\merican  Supplement,  April 
27,  1912,  "Industrial  Uses  of  Ozone"; 
London  Electrician,  Sept.  6,  1912,  "Elec- 
tric Sterilization  of  Water" ;  Scientific 
American,  June  I,  1912,  "Ozone  Steril- 
ization" ;  Metallurgical  and  Chemical 
Engineering,  November,  1913,  Decem- 
ber, 1913,  Januarj',  191 4,  articles  by  A. 
Vosmaer;  Commercial  Engineering  for 
Central  Stations.  McGraw-Hill  Book 
Company,  chapter  on  "Ozone",  by 
.Arthur  Williams  and  Edmund  F. 
Tweedy;  "L'Ozone  et  ses  .'Applications 
Industrielles.  Propietes.  Physiques. 
Physiologic,  Production,  Actions  Chem- 
ique  and  Microbicide,  Applications, 
.•\nalyse,"  by  R.  de  LaCoux.  compre- 
hensive work,  611  pages,  second  edition; 
London  Engineer,  December  i.  191 1. 
"New  Water  Purification  Works  at  St. 
Petersburg" ;  Transactions  American 
Institute  of  Chemical  Engineers,  \'ol. 
Ill,  p.  188,  Oscar  Linda,  "Manufacture 
and  Industrial  Applications  of  Ozone"; 
Electrical  World,  December  27.  1913,  p. 
■  345.  "Water  Purification  by  Ozone  in 
Large  Office  Buildings" ;  Electrical 
World,  December  13,  1913,  p.  1231, 
"Ozone  Water  Purifying  .\pparatus" ; 
Electrical  Review  and  Western  Elec- 
trician. December  14.  1912,  p.  Ii-H. 
"New   Electric   Sterilizer".  w.h.t. 

1066 — Potential  Transforiner  Ratio — 
In  testing  turbo-alternators,  the  con- 
nections shown  in  Fig.  1066  (a)  are 
used  on  the  potential  transformer  cir- 
cuits.    The  neutral  of  the  generator  is 
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FIG.  1066  (a) 

not  earthed  and  the  ratios  of  the 
transformers  are  as  follows : — A,  5 
to  I ;  S,  4.9  to  l;  C,  4.95  to  I.  It  is 
desired  to  read  the  line  voltage  on 
leads  /,  2  and  3  from  the  secondary 
windings.  How  is  the  ratio  affected 
by     errors     in     phase     transformers? 


Would  earthing  iho  neutral  give  more 
accurate  readings  due  to  slightly  dif- 
ferent characteristics  in  the  phase 
transformers?  d.  k.  c.  (England) 

With  three  potential  transformers 
having  unequal  ratios  of  turns  con- 
nected in  star  as  shown  in  Fig.  io65  (a), 
it  is  impracticable  to  determine  the 
exact  line  voltage  from  readings  of 
secondary  volts  on  leads  1,  2  and  3.  It 
is  obvious  that  the  secondary  voltage 
between  any  two  leads  is  the  rerul'.ant 
of  two  voltages,  having  no  definite 
phase  relation.  This  is  practically 
equivalent  to  two  transformers  with 
unequal  ratios  of  transformation  con- 
nected in  series  on  both  primary  and 
secondary  windings  respectively.  While 
each  transformer  has  a  definite  ratio, 
there  is  no  definite  ratio  of  bne  to  sec- 
ondary voltage.  Groundi'n.a;  the  neutral 
of  generator  and  transformers  would 
have  the  effect  of  maintaining  a  120  de- 
gree phase  relation  of  the  primary  volt- 
age. With  this  arrangeme  it,  ratios  of 
transformation  can  be  established  for 
any  two  of  the  three  transformers, 
and  in  this  case,  the  ratio  of 
transformation  of  transformers  A 
and  B,  would  be  4.96  to  1  ;  that  of 
transformers  B  and  C.  4'^'3  to  I,  and 
that  of  A  and  C,  4.fy8  to  1.  Having  the 
neutrals  of  generators  and  transformer 
grounded,  a  better  plan  would  be  to 
read  the  secondary  volts,  i-N ,  2-N ,  and 
.?-A^.  and  from  the  actual  ratio  of  trans- 
formers A.  B  and  C,  determine  the  phase 
voltage  of  the  generator.  Knowing  the 
phase  relation  of  voltage  to  be  120  de- 
grees, the  line  voltage  would  be  equal 
to  the  phase  voltage  multiplied  by  the 
square  root  of  three,  providing  the  volt- 
age per  phase  was  equal.  If.  however, 
the  phase  voltages  were  unequal,  the 
voltage  of  any  two  lines  would  have 
to  be  determined  by  trigonometrical 
solution  from  the  voltage  value  of  the 
respective  phases.  w.  j.  H. 

1067 — Three-Phase    Wattmeter    Con- 
nections— Two   feeders   have   an   in- 
tegrating   wattmeter    on    each    and    a 
totalizing    curve    drawing    wattmeter 
on   both.     With   the   number   and   ar- 
rangement of  current  transformers  as 
shown   in   Fig.    1067    (a),   give   a   dia- 
gram of  the  connections,  such  that  all 
three  meters  will  work  properly  with 
either    or    both    feeders    loaded,    with 
the    busses    either    tied    together    or 
separate    (at    the    same    voltage),    or 
with   one   of   the   busses   dead,   as   in 
case  of  repairs,  while  the  other  oper- 
ates, c.  F.  p.  (Ontario) 
The    totalizing    meter    in    question    is 
assumed    to    have    separate    and    inde- 
pendent   meter    elements    acting    collec- 
tively upon  a  single  recording  mechan- 
ism.    In  this  case  all  three  meters  will 
operate   correctly   if   connected   as   indi- 
cated,     under      all      conditions      stated. 
With  proper  design  of  coils  in  the  total- 


izing meter,  there  will  be  no  influence 
of  one  meter  element  upon  the  other. 
Relay  type  totalizing  meters  can  now 
be  obtained  for  totalizing  any  number 
of  such  circuits.  Connections  to  cur- 
rent coils  of  meters  only  are  shown, 
and  it  is  assumed  that  leads  from  the 
potential     transformers     will     be     con- 
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FIG.  1067  (a)  and  (b) 


nected  to  the  proper  potential  coils  of 
the  wattmeters  to  correspond  with  the 
current  connections  shown.  With  these 
connections  the  circuits  are  not  neces- 
sarily operated  in  synchronism.  If  they 
are  to  be  operated  always  in  synchron- 
ism the  series  transformers  may  be 
paralleled,  as  shown  in  Fig.  1067  (b), 
usin.g  an  ordinary  polyphase  graphic 
recording  wattmeter  with  heavy  series 
coils.  The  capacity  of  any  graphic 
wattmeter  may  be  doubled  by  recon- 
necting the  series  coils  in  parallel.  The 
ratios  of  all  series  transformers  must 
be   the  same.  P.  M. 

1068 — Electro- Plating  Dynamos — I 
want  to  wind  and  connect  up  a  four- 
pole  electro-plating  dynamo.  The 
armature  has  16  slots  and  the  commu- 
tator has  16  segments.  Please  tell 
me  how  many  slots  there  should  be 
between  the  two  sides  of  each  coii. 
.■\lso,  how  it  should  be  conncc.ed  to 
the  commutator.  .\.  t.  b.  (Ohio". 

It  is  impossible  to  state  iust  what 
type  of  winding  would  be  most  satis- 
factory without  knowing  the  dimensions 
of  the  machine,  its  capacity,  speed  and 
voltage  rating,  etc.  A  multiple  wound 
armature  with  one  turn  per  coil  would 
probably  be  satisfactory.  Figs.  1034 
(a)  and  (b)  show  two  ways  in  which 
to  wind   and   connect  a  multii)le-wound 
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one  turn  per  coil  armature  willi  i5  slots 
and  i6  bars.  Fig.  1034  (a)  shows  the 
armature  wounil  with  one  slot  chording. 
From  bar  one  the  conductor  goes  to  the 
top  of  slot  one,  than  to  bottom  cf  slot 
four  and  then  to  bar  two,  etc.  Fig. 
1034  (b)  shows  the  same  armatu.'e 
wound  full  pitch.  The  conductor  runs 
from  l)ar  one  to  slot  one,  to  slot  five,  to 
bar  16,  etc.  Under  certain  conditions, 
commutation  may  be  aided  by  .-hording 
tlie  winding.  Kef  erring  to  Fig.  1034 
(a),  it  will  be  seen  that  when  tlie  coi;- 


FIG.  lo'iS  (a)  and   (b) 

ductor  in  slot  three  is  passing  through 
the  conimutating  zone,  the  other  side 
of  the  coil  (in  slot  16),  has  already  ad- 
vanced into  the  magnetic  field  under  pole 
A.  If  this  has  the  proper  strength,  the 
reactance  voltage  due  to  the  armature 
current  will  be  partly  neutralized  and 
the  commutation  will  be  improved,  if, 
however,  the  conductor  is  too  far  ad- 
vanced under  tlie  pole,  the  advantage  of 
the  chording  will  be  more  than  offset.  In 
general,  it  is  not  desirable  to  have  the 
conductor  advanced  beyond  the  pole 
lip.  Whether  a  chorded  or  full- pitch 
winding  is  preferalde,  depends  then  on 
tl.e  tooth  pitch  and  the  width  of  the 
pole.  With  only  16  slots,  unless  the 
diameter  of  the  armature  is  very  small, 
the  full-pitch  winding  would  probably 
be  most  satisfactory.  K.  j,.  H. 

1069 — Lead  Burning  Outfits — Where 
can  I  get  material,  tnols  and  macliin- 
ery  for  lead  burning?  Can  you  give 
me  a  sketch  of  a  small  lead  burning 
outfit  and  the  necessary  materials  to 
make   the   same?  R.  a  j.  (Idaho) 

A  lead  burning  macliine  consists  of  a 
hydrogen  generator,  an  air  lank  and  an 
air  pump.  The  generator  is  made  of  lead 
or  other  acid-proof  material  and  is  di- 
vided into  two  compartments,  the  upper 
one  being  open  at  the  top  and  the  lower 
one  air-tight.  \  lead  pipe  extending 
nearly  to  the  bottom  of  the  lower 
chamber  connects  these  two  chambers. 
.\  perforated  shelf  on  which  is  placed 
commercial  zinc  is  placed  about  two 
inches  from  the  Fottom  of  the  lower 
chamber.  Twenty  to  twenty-five  pounds 
of  zinc  will  last  all  day,  about  three 
ounces  being  required  per  cubic  foot  of 
gas.  A  mixture  of  five  parts  water  to 
one  part  by  valence  of  commercial  sul- 
l)huric  acid  is  poured  into  the  upper 
chamber,  This  flows  into  the  lov,-er 
chamber,  where  it  acts  on  the  zinc. 
Hydrogen  is  generated  and  the  pressure 
which  is  formed  forces  the  liquid  back 
into  the  upper  chamber,  the  column  of 
tlie  liquid  in  the  connection  pipe  giving 
the  pressure  in  the  gas  chamber.  By 
means  of  rubber  tubes  the  lydrogen 
gas  and  compressed  air  are  conducted 
to   the   blowpipe.  I.  s.  K. 

1070 — Current  to  Anneal  Hard  Copper 
— Please  state  the  amount  of  current 
necessary  to  anneal  2-0  and  4-0  hard 
drawn  trolley  wire.       n.  M.  n.  (Conn.) 
If  the  wire  is  freely  suspended  in  still 
air   as  a  single   loop   No.  2-0  wire   will 
anneal    under    a    current    of    about    800 
amperes :   4-0  will   anneal   under  a  cur- 


rent of  about  1 000  amperes.  If  the 
wire  is  in  a  coil  or  protected  in  any 
way  from  free  convection,  less  current 
will  suffice;  if  subjected  to  air  current 
of  any  appreciable  velocity  more  heat- 
ing current  will  be  necessary.  It  is  im- 
possible to  give  the  exact  current  re- 
quirements without  knowledge  of  the 
conditions  under  which  it  's  proposed 
to   do   the   annealing.  i>.  T. 

1071 — Protection  of  Rotary  Convert- 
ers— In  a  railway  sub-station  where 
the  rotary  converters  have  no  ov^-r- 
load  protection  on  the  alternating- 
current  side,  would  it  not  be  well  to 
put  in  two  circuit  breakers  similar  to 
those  used  on  the  direct-current  side 
on  the  feeders?  When  one  of  the 
machines  bucks,  it  remains  connected 
to  the  alternating-current  line  -.md 
throws  fire  until  the  operator  pulls 
the  alternating-current  switches,  and 
in  some  cases  considerable  damage 
results.  c.  w.  (Ohio) 

This  answer  must  be  a  general  one. 
dealing  with  the  general  practice  of 
protecting  600  volt,  three-phase  con- 
verters. Standard  practice  is  to  have 
each  converter  operated  from  a  sepa- 
rate bank  of  transformers,  and  for  each 
bank  to  have  its  high  side  an  autjmatic 
circuit  breaker  for  the  protection  of 
both  the  transformer  and  the  converter. 
On  the  direct-current  side  the  practice 
is  to  have  an  automatic  circuit  breaker 
in  the  lead  opposite  the  series  field  (in 
the  positive  lead,  assuming  the  series 
field  to  be  in  the  grounded  negativx 
lead).  This  circuit  breaker  protects 
against  overload  on  the  direct-current 
side  to  the  trolley,  but  will  not  protect 
against  a  ground  on  the  posiiive  lead 
occurring  between  the  converter  and 
the  circuit  breaker.  To  protect  against 
a  ground  of  this  nature  or  a  ground  on 
one  of  the  alternating-current  leals  to 
the  converter,  the  practice  is  to  in;tall  a 
circuit  breaker  in  the  negative  brush- 
holder  lead  ahead  of  the  series  field, 
which  is  set  at  a  higher  value  than  the 
positive  circuit  breaker,  in  order  that 
the  positive  circuit  breaker  (mounted  on 
the  switchboard  and  accessible  to  the 
station  attendant )  may  take  care  of  an 
overload  on  the  converter  to  the  trolley 
bus.  This  protects,  therefore,  a..;ainst 
any  grounding  from  the  positive  brush 
of  the  machine  to  the  frame  of  the  con- 
verter and  against  any  damage  due  to 
ground  on  any  alternating-current  lead. 
To  protect  against  damage  caused  by 
bucking,  reliance  must  be  had  on  circuit 
breakers  on  the  alternating-current  side 
of  the  machine.  This  can  be  accom- 
plished by  circuit  breakers  on  the  high- 
tension  side  of  the  transformer  bank  as 
stated  above,  or  in  the  alternating-cur- 
rent leads  to  the  converter.  It  should  be 
noted  that  where  no  circuit  breaker  is 
supplied  in  the  negative  brushholder 
lead,  every  alternating-current  lead  to 
the  converter  should  have  an  overload 
circuit  breaker;  that  is.  a  three-phase 
converter  should  be  protected  on  the 
alternating-current  side  by  a  three-pole 
circuit  breaker.  This  is  in  order  to  af- 
ford the  converter  complete  protection 
against  bucking  and  against  grounds. 
Where  a  circuit  breaker  is  supplied  in 
the  negative  brushholder  lead,  this  will 
supply  sufficient  protection  against 
ground,  and  in  this  case  a  two-pole  cir- 
cuit breaker  with  a  three-phase  con- 
verter will  provide  the  additional  pro- 
tection to  the  converter  to  make  pro- 
tection complete.  Nevertheless,  it  should 
he  added  that  it  is  prefcralile  to  install 
a    three-pole    circuit   breaker    so    as    to 


open  each  alternating-current  lead  to  the 
converter.      Special    protection    against 
bucking  is  afforded  by: — 
1 — Interlockjiif?  the  ftlitniutirig  with  the  direct* 
furrent  circuit   breaker  bo   that   if  buckirifp 
is    due    to    opening    of    the    direct-current 
circuit  breaker,  the  alternating-current  cir- 
cuit   breaker    wili    o(>en    albo.      Or<ii(idri)y, 
it   is   undesirable   to  have  this  scheme   of 
interlock,   as   over-loads  oD   the   direct-cur- 
rent   side    should     isolate    the    converters 
Jroni     the     direct-current     bus    only,      but 
where    the   converter   deisi^n    is    such   and 
the    coiiverKr    loud    so    high    that    sudden 
interruption  of  the  latter  (as  by  the  open- 
ing of  the  direct-cunent  cirtniit  breaicer) 
will    cause    bucking,    an    interlock    of    the 
kind    nieittioned   can    be   installed. 
2 — Equipping      the      alternating-current      circuit 
with  low  volt.m'c  rek-ase  attachment  actu- 
ated from  the  alternating-current  side  and 
interlocking      the      direct-current      circuit 
break.ir    or    with     the    aJtcmaling-current 
one,    so  as   to    cause   the   latter    to  open 
the  former.     This  application  can  be  ma  le 
when  the  alternating-current  power  to  the 
converter   tails,   and  when   the  altcniating- 
ct:rr3ut  voltage  is  not  held  up  through  the 
converter     from     the     direct-current     bus. 
'I  his  scheme  insures  against  return  of  full 
alternating    voltage     being    impressed     di- 
rectly  on   the  converter. 
3 — Kvjuipping      the      r.ltcmating-currcnt      circuit 
bre^ikcr    with    low    voltage    release    mech- 
anism,   actuated    from    the   alternating-cur- 
rent   side;    inter!i  eking    the    direct  current 
with  the  alternating-current  circuit  break- 
er;  and   providing  a   reverse   current   relay 
on  the  direct-current  side.     This  combina- 
tion permits  of  a  general  application. 
The      application      of      these      schemes 
to  overcome  bucking  should  not  be  made 
until  the  actual  cause  of  the  bucking  has 
been  determined,  as  so  many  conditions 
operate    to    produce    bucking,    some    of 
which    can    be    protected    against    in    a 
simpler    and    less    expensive    way    than 
others.  o.  w. 

1072— Switchboard  Connections — We 
are  installing  a  new   switchboard  and 
new  wiring  in  an  old  plant.     The  old 
550     volt     direct-current     panels     are 
equipped  with  one  circuit  breaker,  two 
generator    switches,    field    switch    and 
equalizer  switch.     The  new  panels  are 
equipped  with  one  circuit  breaker  and 
one    generator    switch,    as    shown    at 
Fig.    1072    (b).     I   propose   to   change 
the  old  and  wire  up  the  new  panels  as 
at    (c),    installing   a    field    switch    on 
each   panel   at   the   right  of   the  gen- 
erator switch  and  mounting  an  equal- 
izer switch   at  each   machine.      By   so 
doing  I   can  save  about  2000  pounds 
of   copper.     What   are   the   merits   of 
(a)    and   (b)    and  objections  to    (c)  ? 
E.  M.  B.  (Wash.) 
In    the    scheme    shown    by    Fig-    1072 
(a),   the   circuit  breaker  should   be   ac- 
tuated  by   the   entire  generator  current 
and   the  opening  of  the  circuit  breaker 
should    completely    open    the    generator 
circuit.     (See  "National  Electric  Code", 
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FIG.  1072  (a),   (b)  and  (c) 

Section  i-D).  With  connections  as 
shown  by  (a),  the  opening  of  the  cir- 
cuit breaker  will  permit  the  generator 
to  feed  into  the  bus-bars  through  the 
positive  and  equalizer  leads.  To  remedy 
this  defect  the  circuit  breaker  should  be 
placed  in  the  positive  side,  (that  is.  in 
the  side  opposite  the  series  field).  The 
field  switch,  if  used  at  all,  should  have 
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field   discharge  contacts  and   resistance. 
Preferably    the    field    switch    should    he 
omitted    altogether,    as    with    direct-cur- 
rent machines  the  field  switch  serves  no 
necessary  function.    With  changes  made 
as     recommended,     standard     generator 
connections     for     power     and     lighting 
switchboards    will    be    obtained.     With 
this    type    of    board    the    positive    and 
negative    busses    are    mounted    at    the 
board.     With   the  type  of   switchboards 
used  in  railway  service   it  is  the  prac- 
tice   to   have    only    positive    bus   at    the 
board   and   the   grounded   negative   and 
equalizer  busses  between   the  machines. 
The    connections    shown    by    (b)    have 
the     same     defect     as     the     connections 
shown    by     (a).     The     circuit    breaker 
should   be   actuated   by   the   entire   gen- 
erator current   and   the   opening  of   the 
circuit  breaker   should   completely   open 
the  generator  circuit.     In  this  case  the 
defect   can   be    remedied   by    connecting 
the     equalizer     lead     directly     to     the 
grounded  side  of  the  series  field.     With 
this   change   the   connections   will   be   in 
accordance  with  the  National  Electrical 
Code    rules,     Section     l-D,    for    engine 
driven    generators     with     one    terminal 
grounded.     With  the  circuit  breaker  on 
the  switchboard,  where  it  is  convenient 
to    the    station    operator,    this    requires 
running  cable  to  the  circuit  breaker  and 
back    again    to    the    series    field    of    the 
generator.     This    may    bring    about    a 
large  cable  expense  and  warrant    (par- 
ticularly with   large   machines  and  long 
runs    of    cable    between    generator    and 
board)    the    installation    of    two    circuit 
breakers;  one  at  the  board  in  the  posi- 
tive lead  and  one  in  the  negative  brush- 
holder    lead    on    a    pedestal    with    the 
equalizer  switch  located  at  the  machine. 
The  circuit  breaker  at  the   switchl>oard 
is  set   for  lower  currents  than   the  cir- 
cuit   breaker    on    the    pedestal,    so    that 
for   tiormal   overloads   only   the   switch- 
board   circuit    breaker    would    operate, 
permitting   the   pedestal    circuit   breaker 
to   take   care   of   the  grounds   or   short- 
circuits   on    the    machine    not    protected 
against     by     the      switchboard      circuit 
breaker.     This  arrangement  is  for  con- 
venience   of    operation,    but    means    the 
added  expense  of  another  circuit  break- 
er and  the  e.xpense  of  a  larger  pedestal. 
This  expense,  however,  is  offset  by  the 
saving  in  the  cable  to  the   switchboard 
and     by     the     greater     convenience     in 
operation.     It  should  be  understood  that 
these    remarks    referring    to    (h)    apply 
to  engine-driven  generators  only.  When 
the  generator  is  electrically  driven,  pro- 
tection against  grounds  on  the  machine 
is     afforded     by     protective     apparatus 
which  should  be  provided  in  the  circuit 
of  the  driving  unit.     In  this  case  no  cir- 
cuit breaker  is  required  in  the  grounded 
lead  by  the  National  Electric  Code,  and 
the    connections    shown    by    (c).    there- 
fore, are  correct.     It  is  preferable  also 
to   omit  the   field   discharge   switch   and 
resistance.     To  sum  up  :    Connections  as 
shown     by     (a)      (except     that     circuit 
breaker  should  be  located  in  the  positive 
side)   are  standard  for  light  and  power 
switchboards  which  require  positive  and 
negative  busses  on  board.     Connections 
as  shown  by  (b)    (except  that  equalizer 
circuit  should  be   connected   directly   to 
the  ungrounded  side  of  the  series  field) 
are  standard  for  small  capacities  of  en- 
gine-driven generators  with  ground  re- 
turn    (railway     service).      With     large 
capacity     engine-driven     machines     the 
connections  shown  at   (c)   are  standard, 
except     that     another     circuit     breaker 


should  be  provided  in  the  negative 
brushholder  lead.  The  connections 
shown  by  (c)  are  also  standard  for 
electrically  driven  generators  for  rail- 
way service  with  protection  provided  in 
the  driving  side,  o,  w. 

1073 — Grounding  Lightning  Arrest- 
ers—  (a)  In  electric  railway  work  is 
it  desirable  to  bond  lightning  ar- 
rester ground  rods  to  the  rails?  (b) 
If  the  ground  rod  is  bonded  to  the 
rails,  is  there  not  danger  of  the 
ground  rod  being  destroyed  by  elec- 
trolysis due  to  return  current  leaking 
into  the  wet  earth  pipes,  etc.,  espe- 
cially at  points  remote  from  the 
power  station?  (c)  Without  the 
ground  rod  bonded  to  the  rail,  is  it 
possible  that  the  rails  may  take  on  a 
charge  from  lightning,  'as  do  the 
feeders,  and  discharge  upward 
through  the  car  and  to  ground  over 
the  lightning  arrester,  and  burn  out 
the  motors,  controllers,  etc.,  in  so 
doing?  (d)  Telephone  wires  of  a 
fifty-mile  iiiterurban  despatching  sys- 
tem terminate  at  one  end  in  a  piece  of 
lead-covered  overhead  cable  about 
1 1  000  feet  long.  Insulating  trans- 
formers are  provided  between  the 
open  lines  and  the  cable.  Should  the 
cable  sheath  and  messenger  be 
grounded?  c.  L.  G.  (Texas) 

(a)  We  recommend  connecting  light- 
ning arrester  ground  wires  both  to  the 
ground  and  to  the  rails,  (b)  It  is  true 
that  there  is  danger  that  the  ground 
rods  will  be  injured  by  electrolysis,  but 
if  rugged  grounds  are  used,  this  will 
not  happen  quicklj',  and,  in  any  case, 
lightning  arrester  grounds  should  be 
inspected  frequently,  (c)  While  the 
danger  from  charges  on  the  rails  is  not 
as  great  as  that  from  charges  on  the 
overhead  wires,  there  is  always  the 
danger  from  that  source,  if  the  rails 
are  not  thoroughly  grounded,     (d)  Yes. 

Q.  A.  B. 

1074— Shape  of  Pole  Tips— We  have  a 
225  horse-power,  220  volt,  direct-cur- 
rent motor  working  on  the  hoist  of  a 
bridge.  The  armature  fanned  out  on 
lowering  and  crushed  one  side  of  the 
pole  tips  back,  as  shown  in  Fig,  1074 
(a).  What  effect  will  this  have  on 
the  operation  of  the  motor,  if  again 
put  in  service  without  rectifying  the 
trouble  with  the  pole  tips? 

w.  H.  M.  (Ohio) 
The  effect  of  having  the  pole  tips  of 

a  motor  crushed  as  indicated  can  most 


arrow  the  armature  m.m.  f.  tends  to 
magnetize  the  horn  a  of  the  pole  and 
demagnetize  the  leading  horn  b.  That 
is  the  flux  will  be  crowded  towards  the 
trailing  horn,  and  unless  the  motor  is 
supjilied  with  interpoles  the  full-load 
neutral  will  be  shifted  in  the  direction 
opposite  the  direction  of  rotation. 
When  one  side  of  the  pole  is  crushed 
the  no-load  field  form  will  be  unsym- 
metrical.  The  magnetizing  force  of  the 
armature  under  the  trailing  corner  of 
the  pole  will  tend  to  make  the  full- 
load  field  form  more  symmetrical,  and 
unless  the  distortion  of  the  pole  is  ex- 
cessive, the  motor  will  operate  satis- 
factorily. When  running  in  the  op- 
posite direction,  however,  the  armature 
current  will  magnetize  the  leading  pole 
corner  where  the  flu.x  density  is  high- 
est. This  would  cause  an  appreciable 
distortion  of  the  field  form  and  bad 
commutation  would  probably  be  the  re- 
sult, especially  if  the  motor  is  of  the 
nnn-interpole  type.  The  load  speed  will 
probably  be  higher,  due  to  the  fact  that 
the  leading  pole  horn  will  become  satu- 
rated and  the  total  flux  per  pole  will  be 
lesseneil  K.  i..  H. 

107s — Operation  of  Compound  Motor 
— I  have  a  2^  kw.  220  volt  compound- 
wound  generator  which  I  want  to  run 
as  a  motor.  Will  I  have  to  reverse 
the  compound  winding? 

I..  H.  w.  (ill.) 
Referring  to  Fig.  1075  (a),  assume 
that,  when  the  machine  is  running  as  a 
motor,  the  direction  of  the  shunt  and 
series  field  currents  are  as  indicated  by 
the  arrows.     The  counter  e.m.f.  of  the 


FIG.  1075   (a) 

motor  t'  is,  of  course,  opposite  to  and 
slightly  less  than  the  impressed  e.m.f.  E, 
and    the   current    is    determined   by    the 

formula  — g—  =  I,  where  /  is  the  arma- 
ture current  and  R  the  combined  resist- 
ance of  armature  and  series  field.  Suppos- 
ing now  that  the  motor  speed  is  governed 
by  some  independent  source  (engine  or 
motor)  and  the  field  strength  or  speed 
is  increased  sufficiently  to  raise  the 
counter  e.m.f.  above  the  impressed 
e,m,f.  or  line  voltage.  The  motor  will 
then  run  as  a  generator  and  it  will  be 
noticed  that  while  the  shunt  field  cur- 
rent is  in  the  same  direction  the  series 
field  current  has  been  reversed  and  un- 
less the  connections  are  changed,  the 
shunt  and  series  field  would  be  opposed. 
See  also  article  on  "Parallel  Operation 
of  Generators"  in  the  JouRX.vi.  for 
November,  191 1,  p.  974.  K.  L.  H. 


FIG.  1074  (a) 

easily  be  seen  by  referring  to  the  field 
form.  Let  the  full  lines  represent  the 
field  forms  with  normal  poles,  and  the 
dotted  lines  the  field  forms  with  pole 
tips  crushed.  When  the  motor  is  run- 
ning  in   the   direction   indicated   by   the 


CORRECTIONS 

In  the  Journal  for  May.  1914,  in  lino 
a.'?,  first  column,  page  280,  the  word 
"impossible"  should   read   "possible," 

In  the  Journal  for  June.  1914,  the 
title  to  Fig.  3.  page  321  should  read 
"I  500  r.p.m."  The  title  to  Fig.  3,  page 
370,  should  read.  "A  curve  of  amperes 
taken  with  an  ammeter  of  the  type 
shown  in  Fig.  i."  In  a  few  copies  of 
this  issue,  the  sub-title  to  Fig.  5,  page 
3JJ,  was  omitted.  This  should  read, 
"The  ordinates  represent  the  ratio  be- 
tween the  amounts  of  energy  radiated 
by  the  two  lamps  at  various  wave 
lengths." 
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A  s^reat  deal  is  being  written,  both  in 

The  ''^'•'  ti-'^^l'n'^"<'l  <i"d  t'le  lay  press  about 

"Safety  First '  ^^^'•'  '■■^"iipaign   for    "Safety,''    and    to 

Movement     ''^'-'  uninitiated    it    would    a])pear    as 

though  an  entircl\-  new  movement 
had  been  but  recently  launched  looking  to  the  safety, 
sanitation  and  welfare  of  workers  generally  through- 
out this  country.  Such,  however,  is  not  the  case,  for 
the  present  activity  is  simply  the  logical  outcome  of 
persistent  and  long  continued  effort  on  the  part  of 
individual  employers  of  labor,  labor  representatives 
and  welfare  workers,  with  the  result  that  the  move- 
ment has  finally  gathered  sufticieiU  impetus  to  attract 
the  attention  of  the  [)ublic  generally. 

Unfortunately  there  is  as  yet  no  universally 
recognized  central  body  to  whom  either  those  already 
])artici])ating  or  those  desiring  to  participate  can  turn 
for  authoritative  information  as  to  how  best  to  pro- 
ceed, what  is  necessary,  what  is  practical  and  so  on. 
In  consequence,  money,  labor  and  time  are  being  in- 
efficiently expended  by  employers  and  others,  groping 
more  or  less  in  the  dark  and  along  almost  identical 
lines,  all  learning  in  the  main  the  same  lessons,  but 
being  unable  to  transmit  to  other  than  a  few.  the  re- 
sults of  their  indi\  idual  experiences,  simply  because 
as  stated,  there  is  no  recognized  medium  of  inter- 
communication. 

In  Europe,  twenty-two  museums  or  societies  are 
engaged  in  this  work :  and.  while  their  efforts  are 
largely  along  lines  parallel  to  one  another,  there  is 
some  measure  of  excuse  for  it,  owing  to  the  great 
dissimilarity  in  language  and  customs.  Vet,  how  much 
greater  progress  would  already  have  been  made,  could 
these  various  societies  have  undertaken  separate  fields 
of  work  and  each  then  jjlaced  the  results  of  its  labors 
regularly  before  the  others  for  nuitual  use.  In 
America,  two  societies  ha\e  thus  far  come  into  exist- 
ence as  a  direct  consequence  of  the  safety  move- 
ment: namely,  the  .\merican  Museum  of  Safety  and 
the  National  Council  for  Industrial  Safety,  both  of 
whom  are  doing  yeoman  work;  but  as  other  societies 
to  cover  practically  the  same  field  are  either  already 
forming  or  being  coiUemplated,  there  is  danger  that 
America,    like    Europe,    will    fail    to   concentrate    her 


efforts,    thereby    similarly    wasting   her    opportunities 
and  with  not  even  the  semblance  of  an  excuse. 

The  average  person  imagines  the  "Safety  l''irst" 
mu\ement  simply  means  the  safe-guarding  of  moving 
machinery,  dangerous  jiassages,  and  the  like.  In  this 
issue  of  the  Jour.nal,  the  excellent  article  on  the 
safety  work  of  the  Youngstown  Sheet  &  Tube  Com- 
pany, by  .Mr.  1.  L.  W'oltz,  shows  the  safe-guarding  of 
machinery  to  be  but  a  single  feature  of  a  movement 
which  embraces  several  sides.  As  bearing  out  this 
statement.  .Mr.  Howard  Elliott,  chairman  of  the 
New  York,  New  Haven  &  Hartford  Railroad,  re- 
marks in  his  book.  "The  Truth  .\bout  the  Railroads," 
that  but  one  twelfth  or  >S-i/3  percent  of  all  accidents 
on  .\merican  railroads  could  be  i)revented  by  having 
a  full  equipment  of  mechanical  appliances.  Similarly. 
the  United  Gas  Improvement  Company  in  an  analysis 
of  2  000  accidents  shows  that  but  one  half  of  one 
jiercent  were  due  to  defects  or  lack  of  guards  on  ma- 
chinery. A  study  of  accidents  in  the  works  of  the 
^\'estinghouse  Electric  &  Mfg.  Company  for  1913. 
shows  that  only  three-tenths  of  one  percent  were  due 
to  lack  of  safe-guards,  while  twenty-one  and  one-half 
percent  were  due  to  carelessness  on  the  part  of  the 
injured.  These  figures  clearly  demonstrate,  if  the 
concerns  mentioned  be  considered  as  fairly  repre- 
sentative, that  a  campaign  of  education  is  a  most 
necessary  part  of  the  safety  movement :  and,  in  this 
connection,  it  is  especially  important  to  bear  in  mind 
the  fact  that  a  worker  is  for  appro.ximately  two- 
thirds  of  a  day,  his  own  "boss,"  so  that  during  the 
major  portion  of  his  time  he  can,  by  improper  living, 
render  himself  unfit  to  perform  one-third  of  a  day's 
work. 

From  the  preceding  statement,  it  will  at  once  be 
evident  how  closely  right  living,  and  with  it  sanita- 
tion, are  interwo\en  in  the  safety  movement:  and.  if 
it  be  further  accepted,  as  it  surely  must  be,  that  safe- 
ty is  in  no  small  measure  dependent  on  education, 
then  the  campaign  is  one  in  which  all  can  and  should 
participate,  not  only  learning,  but  in  turn  imparting 
to  others  as  opportunity  offers,  such  knowledge  as 
each  possesses. 

C.   P..   Arrr. 
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\  ector  diagrams  constitute  one  of 
The  Circle  llie  best  known  and  nin>t  simple 
Diagram  for  methods  of  expressing  the  relations 
Transformers  hetweeii  \(jltage  and  current  in  alter- 
nating-current circuits.  'J"he  more 
completely  all  of  the  o])erating  conditions  can  be  ex- 
pressed by  a  few  lines,  the  more  successful  may  the 
diagram  be  considered.  It  is  for  this  reason  that  the 
circle  diagram  for  the  induction  motor  has  been  so 
widely  used — the  performance  of  the  motor,  under 
all  conditions  of  operation,  is  completely  shown  in  a 
single  coniparati\ely  simple  diagram.  This  is 
])ossible  b\-  reason  of  the  fact  that  the  jxnver-factor 
of  the  induction  motor  is  constant  for  any  given  load, 
and  is  dependent  directly  upon  the  load. 

The  jjerformance  of  a  transformer  and  an  induc- 
tiiin  iniitor  are  similar  in  many  respects,  but  in  this 
one  respect  they  are  in  no  wise  alike,  since  the  power- 
factor  and  load  on  a  transformer  are  both  independent 
of  any  characteristics  of  the  transformer,  and  either 
may  have  any  assignable  value.  Hence,  although  it  is 
possible  to  draw  a  transformer  diagram  similar  to  the 
induction  motor  circle  diagram,  a  separate  diagram  is 
necessary  for  each  power-factor  of  the  load. 

This  difficulty  has  been  entirely  obviated  in  the 
type  of  diagram  described  by  Mr.  Fortescue  in  this 
issue  of  the  Journal  and,  for  want  of  a  better  name, 
designateu  as  a  circle  diagram.  In  reality  this  dia- 
gram, by  the  simple  expedient  of  [ilotting  the  vector 
loci,  represents  an  infinite  number  of  ordinary  vector 
diagrams,  including  the  primary  and  secondary  \olts, 
primary  and  secondary  current,  e.xciting  current,  and 
impedance,  reactance  and  resistance  drops,  all  in  their 
correct  phase  relations,   for  all  conditions  of  load. 

(Jne  great  advantage  of  this  type  of  diagram  lies 
in  the  readiness  with  which  comparisons  of  vectors 
under  different  conditions  of  operation  may  be  made, 
many  of  which  are  n'ot  possible  when  separate  dia- 
grams are  drawn  to  represent  the  different  conditions. 
For  instance  the  statement  that  the  secondary  voltage 
lags  behind  the  primary  voltage  more  w^ith  a  load 
having  a  i)ower-factor  of  yo  percent  lead  than  at  any 
lagging  [)ower-factor  appears  rather  startling  on  first 
thought,  but  this  condition  is  readily  apparent  and  is 
easily  understood  by  the  study  of  Mr.  Fortescue's 
diagram. 

It  is  hardly  probable  that  this  diagram  will  ever 
be  used  for  the  accurate  determination  of  the  regula- 
tion or  other  characteristics  of  a  transformer  in  the 
way  that  the  circle  diagram  is  used  for  induction  mo- 
tors. For  such  purposes  the  charts  by  Mr.  Peters, 
published  in  the  Journal  for  December  lyii,  are 
much  more  accurate.  As  a  means,  however,  of  secur- 
ing a  graphic  comprehension  of  transformer  operation 


under   varitnis  conditions  of    load    and    ixjwer-factor 
these  diagrams  should  prove  most  useful. 

ClIAS.    R.    RiKER 


<  )ne  of  the  greatest  industries  in  the 
Electric  Pow-  "'"''1  '"^t'l  in  value  of  product  and 

gf   in  in  horse-power  employed  is  the  tex- 

the  tile   industry.     Having  been   of   slow 

Textile         growth   and  not  Ijeing    in    any    way 

Industry        spectacular,   it   is   seldom   that  textile 

l)rocesses.   developments   or   technical 

refinements  are  discussed  in  print  except  in  the  te.x- 

tile   trade   periodicals   or   in   those   papers   circulating 

locally  in  the  textile  manufacturing  districts. 

Probably  in  no  other  great  manufacturing  held 
is  competition  so  keen,  with  so  many  independent 
producers  and,  furthermore,  with  the  added  spur  of 
international  com])etition  due  to  world-wide  produc- 
tion and  consumption.  These  conditions  have  forced 
rigid  manufacturing  economies,  have  recjuired  in- 
crea.sed  output  without  a  lowering  in  quality,  and  at 
the  same  time  the  growing  recognition  of  the  rights 
of  the  workers  to  improved  working  conditions  has 
required  that  machinery  be  made  easier  and  safer  to 
control,  has  promoted  cleanliness  and  called  for  better 
lighting  conditions.  Electric  power  alone  has  made 
these  impro\ements  simultaneously  possible :  vet  it 
has  not  been  a  haphazard  development,  but  rather  one 
resulting  from  slow  and  careful  engineering  analysis. 

The  textile  industry  afi'ords  a  remarkable  ex- 
ample of  the  advantages,  and  economies  in  the 
broader  sense,  obtainable  bv  electric  power  for  in- 
dustrial drive.  The  profitable  application  of  electric 
power  begins  with  the  ginning  process,  immediately 
after  the  cotton  is  picked  in  the  fields,  and  extends 
throughout  the  succeeding  manufacturing  processes 
until  the  finished  goods  are  delivered. 

Two  articles  in  this  issue,  by  Messrs.  Gelzer  and 
LaMoree,  describe  the  use  of  electric  motors  in  gin- 
ning in  dift'erent  ])arts  of  the  cotton  raising  country, 
and  another  article  deals  with  the  advantages  of  elec- 
tric power  for  cotton  mills  making  yarns  and  cloth. 
To  the  mill  engineer  this  may  be  familiar  matter,  but 
as  a  careful  analysis,  showing  methods  of  making  com- 
parisons with  other  drives,  the  article  commends  itself 
also  to  readers  who  are  interested  in  similar  studies 
in  other  industries.  The  correctness  of  Mr.  Hender- 
son's premises  and  conclusions  is  borne  out  by  the 
practical  unanimity  with  which  the  successful  and 
prominent  mill  engineers  and  the  builders  of  new 
mills  have  adopted  electric  drive,  and  by  the  large 
number  of  older  mills  that  have  wholly  or  partially 
installed  electric  drive. 

D.  S.  Bowman 


Safety  and  Welfare  Work  on  a  Large  Scale 

James  M.  Wultz 

Safety  Director 

The  Youngstown  Sheet  &  Tube  Company 

1\  THE  PRliSEXT  PERIOD  of  acihe  and -dde-sprcad  ayilation  for  .^.ijciy  rirsi.  liu-  rapidly  in- 
creasing interest  of  industrial  establishments  in  the  subject  has  been  made  very  manifest  by  the  adoption  and 
exploitation  of  numerous  methods  and  dez'ices  li/iiV/i  arc  the  direct  result  of  ini'estigation  and  development 
along  such  lines.  A  curious  fact  in  connection  Zi'ith  this  development  has  been  that  it  is  a  direct  out- 
grozcth — iwt  of  demands  on  the  part  of  their  employees — but  of  an  expanding  realization  on  the  part  of 
manufacturers  themselves  that  safety  zvork  would  be  a  material  asset  in  production  due  to  the  elimination 
or  at  least  the  reduction  of  accidents.  In  fact,  as  far  as  employees  have  been  concerned,  the  -cork  has 
been  largely  a  matter  of  education,  the  average  workmon  of  an  earlier  period  being  very  little  impressed 
-iilh  the  fact  that  measures  uere  necessary  for  his  protection. 


1.   M.  WOI.TZ 


EARLY  safety  meth- 
ods were  for  the 
most  part  haphazard  in 
their  application,  due  to 
the  fact  that  in  the 
orchnary  phint  they  were 
left  in  the  hands  of  in- 
di\idual  foremen  or  per- 
sons locally  in  charge, 
with  very  little  or  no 
systematic  central  di- 
rection or  supervision. 
However,  the  agitation 
of  mill  and  railroad  of- 
ficials, the  passing  of 
laws,  the  creation  of 
industrial  commissions  and  the  demands  of  workmen 
themselves,  eventually  resulted  in  the  formation  of 
safety  organizations  in  plants  and  on  railroads.  With 
this  came  a  desire  to  improve  conditions  then  exist- 
ing, and  amongst  the  pioneers  in  establishing  a 
"Safety  Department,"  was  the  company  with  which 
the  writer  is  connected.  As  an  instance  it  may  he 
cited  that  the  first  specially  constructed  "mill  motors" 
for  individual  drive  of  steel  mill  machinery  were 
built  from  plans  and  suggestions  submitted  by  its 
electrical  department.  Prior  to  this  time,  it  is  true, 
there  had  been  in  use  in  some  of  the  mills  a  few  con- 
verted street-car  type  motors,  but  never  before  Iiad  a 
specially  constructed  mill  motor  been  asked  for  and 
installed   in  a  plant. 

The  adoption  of  the  individual  mill-motor  was, 
in  itself,  an  epocli  in  the  electrical  manufacturing 
world  and,  to  the  industrial  world  it  was  a  blessing 
whose  coming  had  long  been  aw-aited.  Its  adoption 
did  away  with  long  lines  of  shafting  with  their 
pulleys,  belts  and  the  numberless  dangers  connected 
with  their  use,  not  the  least  of  which  was  the  con- 
stant agitation  of  air  in  mills  and  shops,  which  was 
the  cause  of  at  least  two  occupational   diseases. 

THE   T;Er,I\NI\G  OI"   THE   SVSTENf 

.\s  was  but  natural,  the  duties  of  investigating 
accidents  and  adjustment  of  claims  for  injuries  made 
those  who  were  connected  with  the  accident  depai't- 
ment  particularly  familiar  with  the  causes  of  acci- 
dents, and  it  was  possible  in  many  cases  for  them  to 


recommend  means  for  their  reduction.  Accordingly 
it  was  but  a  natural  result  that  a  consolidation  should 
take  place  between  the  accident  and  safety  depart- 
ments. Prior  to  this  time  committees  of  employes 
were  largely  the  ones  who  l(X)ked  after  safety  work, 
and  these  assisted  the  accident  department  in  its  ef- 
forts to  call  attention  to  dangerous  places  and  pro- 
tect its  workmen.  The  Company  maintained  these 
safety  committees,  composed  of  such  employes  as 
department  superintendents,  assistant  superintendents, 
and  foremen.  These  committees  were  appointed 
from  time  to  time,  and  served  until  a  new  commit- 
tee was  appointed  to  relieve  them.  They  were  ex- 
pected to  visit  all  the  departments  in  the  various 
plants  and  make  their  recommendations  direct  to  the 
general  superintendent,  who  in  turn  took  up  the  mat- 
ters as  they  affected  the  various  departments,  through 
the  department  superintendents.  The  committee 
recommendations  covered  the  whole  range  of  irregu- 
lar and  dangerous  work  practices,  dangerous  ma- 
chinery, unprotected  gears,  fire  hazards,  sanitary 
conditions  and  the  general  welfare  of  the  employes. 
That  this  Company  had  made  considerable  pro- 
gress in  safety  work  as  early  as  191 1,  is  attested  by 
the  fact  that  it  was  awarded  a  gold  medal  at  the  In- 
ternational Exposition  of  Hygiene  and  Safety,  held 
at  Dresden,  Germany,  in  that  year.  This  medal  was 
awarded  for  an  exhibit  of  drawings,  photographs, 
models  of  safety  devices  and  danger  signs  which  were 
sent  abroad  especially  for  this  e.xposition.  That  this 
was  no  empty  honor  will  be  readily  recognized  when 
it  is  recalled  that  the  safety  movement  at  that  time 
was  little  more  than  a  germ  in  this  country.  In  the 
United  States  only  a  few  of  the  largest  manufactur- 
ing and  railroad  corporations  had  begun  to  realize 
the  importance  and  necessity  of  accident  prevention 
work.  \\'hat  little  had  been  done  had  come  about 
from  a  careful  study  of  the  array  of  figures  and  the 
results  of  the  campaign  for  reduction  of  accidents 
that  had  been  carried  on  in  most  of  the  continental 
countries  of  Europe,  where  the  conservation  of  life 
and  linib  was  already  a  matter  of  grave  concern  with 
many  of  the  governments. 

THE    COMPLETE    "S.XFETV    I-IRST"    0RC,.\X17..\TI0N 

The  rapid  growth  of  The  Youngstown  Sheet  & 
Tube    Company    necessitated    the    erection    of    many 


422 


THE  ELECTRIC  JOURNAL 


large  buildings  (.-quiiipcd  with  modern  iron  and  steel 
making  machinery.  These  extensions  called  for  the 
employment  of  a  small  army  of  workmen,  and  the 
safety  work  had  grown  to  such  an  extent  that  it  was 
thought  advisable  to  organize  a  separate  safety  de- 
partment which  was  placed  in  charge  of  the  safe 
operation   and    installation   of    machinery,   the   super- 


FIG.    I — BL.AST   FURN.\CF.   "ll" 

Provided    with    guard    rails    on    \valk>,    platforms,    skip 
hoists,  etc. 

vision  of  work  practices,  sanitation,  welfare,  tire  and 
police  protection.  This  department  has  at  its  head  a 
safety  director,  who  is  assisted  by  two  safety  in- 
spectors, Ixith  of  the  latter  being  jiraclical  mill  men. 


Kir,.   2 — PROTFXTION'  OF  THIRD  R.\IL  ON    THE  ORE   Bl.NS    FOK    CSE 
Or    L.\RRV-C.\R 

having   recei\ed   their   training   in   the   iron   and   steel 
business  in  the  mills  of  the  Company. 

There  is  also  a  General  Safety  Committee  com- 
posed of  one  of  the  operating  officials,  either  the 
general  superintendent,  or  his  assistant,  together  with 
the  chief  surgeon,  the  special  agent  (an  attorney-at- 
law"),   the   safety   director,   three  department   superin- 


tendents, and  a  safety  inspector  for  secretary.  Safe- 
ty and  kindred  matters  of  a  general  import  that  may 
affect  the  plant  as  a  whole  are  taken  uj)  by  this  com- 
mittee, and  where  there  may  be  a  disagreement  as  to 
the  recommendations  made  in  a  safety  requisition 
and  when  a  department  superintendent  takes  issue 
with  the  Safety  Department  as  to  the  feasibility  of 
carrying  out  its  suggestion,  these  matters  come  up  to 
the  Ccneral  Safety  Committee  for  final  settlement. 

The  Safety  l)e])arlmcnt  works  in  complete  har- 
mony-with  the  Accident  Department  which  is  under 
the  special  agent,  who  also  has  charge  of  the  Claim 
Department.  The  Accident  Department  sends  a 
daily  report  to  the  Safety  Department  of  the  accidents 
of  the  preceding  day,  l)y  departments,  and  also  forms 
showing  the  history  in  a  concise  manner  of  each  acci- 
dent. These  reports  are  thoroughlv  investigated  to 
see  if  the  accidents  were  avoidable  and  to  fix  the  re- 
sponsibility. The  inspector  who  makes  this  investi- 
gation recommends  means  to  eliminate  the  danger  of 


FIG.    3 — ROD    .\.\D    WIRE    COOLING    CONVEYOR 

The  sheave  wheels  are  all  protected. 

a  repetition  of  the  accident  and,  when  responsibility 
is  fixed,  recommendation  is  made  for  the  discipline 
or  discharge  of  the  careless  workmen,  who  may  have 
caused  an  injury  to  himself  or  fellow  workman. 

Material  assistance  is  given  the  Safety  Depart- 
ment in  its  work  by  department  foremen's  committees. 
These  are  appointed  in  the  various  departments  by 
the  superintendents.  These  committees  report  direct- 
ly to  the  department  sujierintendent.  who  in  turn  sub- 
mits the  reports,  with  their  endorsements,  to  the 
Safety  Department   for  action. 

Inspections  are  made  daily  by  safety  inspectors 
who  cover  the  entire  plant  once  each  week.  The 
propertv  of  the  Company  is  divided  into  two  sections 
and  for  one  week  an  inspector  will  work  the  one  sec- 
tion and  the  next  week  the  other.  One  night  each 
week  is  spent  in  the  mill  by  each  inspector. 

Safetv  recommendations  are  made  to  the  safety 
director,  who  ap])rovcs  or  disapproves  them.  Those 
approved  are  given  a  serial  number  and  are  type- 
written on  a  triplicate  form.  The  original  is  sent  to 
the  general   superintendent    for  his  approval   or  dis- 
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sjjproval.  If  tlie  re(|uisition  is  not  approved  Ijy  the 
general  superintendent,  it  is  returned  to  the  Safety 
Department  and,  with  duplicate  and  triplicate,  is 
marked  \oid  and  placed  in  the  closed  tile.  If  the 
requisition  is  a])pro\cd,  when  received  by  the  Safety 
Department  it  is  placed  in  an  0])en  lile  and  the  duiili- 
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closed  tile  provide<l,  of  course,  the  work  is  as  recom- 
mended. In  the  event  that  an  investigation  discloses 
that  this  work  is  not  done  according  to  the  recom- 
mendation, the  matter  is  called  to  the  attention  of  the 
department  head,  with  the  request  that  it  be  so 
changed. 

HOSPITAL  AND  MEDICAL   STAFF 

The  Youngstown  Sheet  &  Tube  Company  main- 
tains two  emergency  hospitals  for  first  aid  dressings. 
One  of  these  is  in  the  main  plant,  the  other  at  the 
rod  and  wire  and  conduit  plants.  As  soon  as  a  man 
is  'injured,  no  matter  how-  slight  the  injury  may  be, 
he  is  given  a  form  made  out  by  his  forman  and  re- 
([Uested  to  report  at  the  emergency  hospital  for  treat- 
ment. Here  a  complete  record  of  his  case  is  made 
on  forms  provided  and,  if  he  reports  for  subsequent 
redressings,  note  of  these  is  also  made  on  his  record 
sheet.  A  new  and  modern  hospital  is  now  under 
course  of  construction  near  the  North  entrance  to  the 
main  works  that  will  give  added  facilities  for  the  care 
and  welfare  of  the  employes. 

The  Medical  Department  is  in  charge  of  a  chief 
surgenn  who  de\ otes  his  entire  time  to  Company 
work.  He  has  under  him  five  male  nurses,  who  are 
on  duty  covering  the  entire  twenty-four  hours  and 
plans  have  been  matured  to  have  in  addition  three 
female  nurses  for  service  in  the  hospitals.  Physical 
examinations  are  made  of  all  persons  who  apply  for 
em[)loyment  and  an  examination  of  all  employes  who 


FU;.    4 — CO.M.    CRUSHI.VG    PL.\NT    FOR    C.^S    PRODUCERS 

.•Ml  walks  and  stairways  are  guarded. 

cate  and  triplicate  forms  arc  sent  to  the  superintend- 
ent nf  the  department  affected,  such  additional  notes 
as  may  ha\e  been  made  by  the  general  superintendent 
being  added.  Matters  involving  the  expenditure  of 
a  considerable  sum  of  money  or  recommendations 
that  require  any  extensi\e  changes  in  work  methods 
are  first  taken  up  with  dei^artment  superintendents  so 
that  there  may  be  no  friction  in  the  execution  of 
safety  work. 

Full  and  complete  records  are  kept  by  tlie  Safe- 
ty Department  of  all  rccjuisitions  and  by  this  means 
a  close  check  is  maintained  ujjon  those  still  open. 
When  a  requisition  is  returned  to  the  Safety  Depart- 
ment as  completed,  the  original  is  placed  with  the 
triplicate  form,  which  has  been  returned  l>y  the  de- 
partment superintendent,  and  u]ion  which  is  noted 
what  action  he  has  taken  anil  the  date  the  work  was 
conqileted.  The  duplicate  is  retained  for  the  tiles  of 
the  department  superintendent.  Returned  triplicate  entered  die  service  prior  to  the  time  that  the  physical 
forms  are  referred  to  the  safetv  inspectors  who  make  examination  was  instituted  is  being  made  as  rapidly 
an  inxestigation  to  see  that  the  work  has  been  done  as  conditions  permit.  F.mployes  whose  injuries  are 
as  recommended  in  the  requisition  and.  upon  the  re-  of  a  dangerous  character  are  sent  to  the  city  hospital, 
ceipt  of  this  form  from  the  inspector  with  his  report,  where  a  ward  is  maintained  for  the  use  of  Company 
the   original    and   tri|ilicate    forms    are   placed    in    the      em])loyes. 
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111  addition  to  the  Comi)any  surgeon,  there  is  stopped  a  serious  condition  that  had  grown  quite  be- 
em|)lovc(l  a  specialist  in  eye,  ear  and  throat  work,  yond  the  power  of  the  local  health  officials  to  handle, 
When  an  employe  finds  that  a  [)iece  of  foreign  matter  Inu  doul)tless  saved  the  sight  of  many  of  the  i)ersons 
has  entered  his  eye,  he  is  ])r()liiliiled  liy  the  ('omjiany       wliu  were  treated. 

rules  from  attempting  to  remove  it  iiimself.  or  to  i)er-  In    connection    with    the    hospital    service,    metal 

stretcher  bo.xes  are  i)rovided  at  convenient  ])oints 
ihrotighout  tile  plant.  They  are  painted  red  with 
green  crosses,  all  numbered,  each  containing  a  regula- 
tion army-stretcher  and  a  good  wool  Ijlankel  protected 
fr.  ni  dirt  by  paper  bags.  The  Company  also  main- 
tains its  own  amlnilance  service,  having  a  motor,  a 
horse-drawn  ambulance  and  a  buggy,  the  last  of 
which  is  used  to  reach  points  that  are  difficult  of  ac- 
cess by  the  larger  \eliicles  and  to  handle  cases  that 
are  not  severely  injured. 

i-iNi-:  i'i<i;\'ic.\Tii).x 
Fire   reports   are   required    from   superintendents 
of  departments   for  every  fire  that  originates  in  the 


FIG.  6 — RUN-OUT  T.^BLE.   NO.  2  BLOOMING   MILL 

All  gearing  is  completely  covered. 

mit  any  one  else,  except  the  nurse  at  the  hospital,  tn 
do  so  for  him.  This  rule  is  necessary,  to  avoid  the 
ever  present  danger  of  infection.  All  employes  who 
are  engaged  in  any  work  that  endangers  the  eyes  are 
required  to  wear  goggles  or  face  masks.  These  are 
provided  by  the  Company,  and  are  charged  to  the 
men  to  whom  they  are  issued.  If  broken  while  at 
work  they  are  replaced  without  cost  to  the  employe. 
When  the  workman  leaves  the  employ  of  the  Com- 
pany, he  is  given  credit  for  the  goggles  when  he  turns 
them  in.  Trachoma,  an  infectious  eye  disease,  was 
found  in  a  number  of  cases  of  workmen  who  lived 
in  the  foreign  section  of  East  Youngstown,  and  the 
Company  at  once  established  a  special  eye  hospital,  to 
treat  trachoma  patients.  .Ml  persons  who  were  af- 
flicted with  this  disease,  whether  employes,  or  simply 
residents  of  the  \illage,  were  received  and  given  free 
treatment.     There  were  36  cases  under  quarantine  at 
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FIG.   7 — GALV.VNIZIXG  WIRE  IN  THE  ROD.   WIRE  .\ND  CONDUIT 
DEP.\RTMENT 

The  clear  floor  .space  around  the  machines  minimizes  the 
possihility  of  accidents. 

one  time.  These  cases  were  all  confined  in  the  hos- 
pital. At  present  there  are  no  cases  in  quarantine 
and  only  34  cases  are  being  treated,  so  that  the 
prompt  measures  adopted  l)y  the  Company  not  only 


ru,.   <S HIGH    TEN.SIOX    TOWEK 

Equipped    with    safety    l)ack    ladder,    angle    iron    railing 
around  platform,  and  metal  cover. 

plant,  from  whatever  source,  no  matter  how  trivial 
the  damage  may  be.  A  card  record  is  kei)t  of  all 
these  fires,  also  of  all  fire  extinguishers,  hose  houses 
and  fire  hydrants.  The  record  of  the  extinguisher 
shows  the  make,  when  purchased,  when  tested  and  in- 
spected. Soda  and  acid  extinguishers  are  required  to 
be  refilled  and  inspected  at  least  once  in  six  months. 
Pvrene  extinguishers  are  refilled  as  soon  as  used.  All 
hose-houses  are  visited  on  the  first  trip  of  each  patrol- 
man on  whose  beat  they  are  located,  both  day  and 
night,    the    fire    fighting   e(|uipment    is    inspected,    and 
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a  rcpuit  of  its  coiuliiii)ii  is  maili.-  Ijy  each  pairolinan.      be  sent  to  work  before  tlie  Company  interjjreter  can 
Hose  houses  are  ])rovide(l   with   incandescent  electric      make  a   full  and  complete  explanation   to  them,  and 

lamps  liiat    light    automatically 


I    iiivciiivt%..^v.viii.    ^i^s^vi  i<-       iiiarv^    a    lull    aim    i.i7iii|iii:n:    cA|ji<iiiciLi<jii    Lo    Liieiii,    anu 

whin    the    doors    are      these  duties  then  devolve  upon  tiie  foreman,  who  may 


opened.  Patrolmen  are  instructed  to  watch '  for  un- 
safe and  dai!gcrous  places,  and  for  workmen  who  arc 
careless  or  indifferent,  and  to  assist  in  the  care  of  in- 
jured workmen  and  at  hres. 

EDUCATlNi,;    l'(IUi;i(.N     I.Ar.oKEUS 

.\s  can  be  imagined,  the  difliculty  of  the  proper 
safeguarding  of  the  9000  enii)loyes.  who  work  in 
three  .se])arate  plants,  is  no  small  undertaking  and, 
besides  the  operating  difhculties.  there  are  other  diffi- 
culties encountered.  es])ecially  laljor  conditions  whicli 
are  general  in  the  iron  and  steel  industry.  For  in- 
stance, the  large  percentage  of  employes  of  foreign 
birth  (71  percent  in  our  case),  who  go  to  make  up 
the  total  of  the  payroll,  is  a  ])roblem  that  re(|uires 
constant  watchfulness  and  care.  When  first  eni- 
l)loyed,  the  foreign  workmen  ma\  ha\  c  been  in  this 
country  but  a  few  weeks  and,  in  times  when  the  mills 
are  working  to  full  capacity,  it  is  more  often  davs 
than    weeks     since     the     newly     emploved     workman 


Hi..    II — (.C-\1<I)S  ANll  K.ML  .\ROU.\'l)  MOTOR- IIRIVEX  PIFE-THRE.MH XG 
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be  able  to  speak  the  new  employes'  language  im- 
perfectly or  not  at  all. 

The  employment  office  maintained  by  the  Com- 
l)any  is  located  at  its  main  entrance  and  there  is  a 
large  sign,  painted  in  English  and  .several  foreign 
languages,  telling  the  men  that  the  Company  will  eni- 
])loy  only  such  men  as  are  careful  and  willing  to  be 
careful  of  the  safety  of  other  employes.  The  fact 
that  the  \  arious  plants  of  the  ^'oungstown  Sheet  &: 
Tube  Company  are  located  near  the  main  lines  of 
travel  between  the  Atlantic  sea  coast,  where  these 
new  comers  land,  and  the  factories  and  farms  of  the 
great  West  and  Middle  West,  makes  these  mills  the 
stopping  point  of  many  newly-landed  immigrants. 
Not  only  must  this  Company  give  these  workmen 
their  first  lessons  in  industrial  training,  but  it  must 
also  educate  them  in  English  and  safety  work. 

It  is  these  factors  that  make  the  educational  part 


FIG.    IC — GUARns   ON    TCIiK    MII.I.   CUTTING    MACHINES 

landed  at  Ellis  Island.  As  is  to  he  expected,  it  is  the 
exception  to. find  one  of  these  men  who  can  read, 
speak  or  understand  a  word  of  F.nglish.  This  means 
that  the  services  of  several  interi)reters  are  required. 
These  interpreters  are  used  to  ex])lain  to  the  new  em- 
])loye  the  dangers  of  the  work  to  which  he  may  be 
assigned,  and  to  secure  the  necessary  data  for  his 
record   of   employment.      Too   often   these   men   must 


FIG.    12 — OPEX   HEARTH   CH.^RCINC  CRANE  AND  OVERHEAD  CRAXE 

Equippcfl    with    magnetic    control,    dynamic    brakes    and 
safety  limit  stops. 

of  safety  work  so  difficult  in  an  organization  as  large 
as  that  of  the  Youngstown  Sheet  &  Tube  Company. 
This  niav  be  realized  somewhat  when  it  is  noted  that 
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this  Company  employs  workmen  of  twenty-three 
nationalities,  speaking  ahout  forty-two  distinct 
dialects. 

SPECIFIC  DEVICKS 

The  niullitude  of  safe-guards  that  are  used  in 
the  various  plants  of  the  Youngstown  Sheet  &  Tube 
Company  precludes  a  detailed  description  of  each.  A 
few  of  them,  however,  are  shown  in  the  accomjjany- 
ing  illustrations.  Those  important  devices  in  the 
adoption  of  which  this  company  has  been  a  pioneer 
or  at  least  amongst  the  earliest  of  users  are  given  in 
the   folliiwing  list : — 

I — The  trolley  bur,  replacing  the  tmllcy  wire  for  crane 
runaways. 

2 — Magnetic  control  of  all  motor.s  on  cranes,  making  it 
impossible  to  abuse  the  crane  or  the  motors  by  con- 
necting the  latter  directly  across  the  line. 

3 — The  "Youngstown  Safety  Limit  Stop"  to  prevent  hooks 
from  overloading  and  to  stop  hooks  within  an  inch  of 
travel  in  eitlier  cbrection  by  dynamic  brake,  when 
either  light  or  loaded. 

4 — The  dynamic  braking  method  for  ladle  cranes,  doing 
away  with  the  troublesome  mechanical  brake. 

5 — The  electric  magnet  for  handhng  billets,  pig  iron  and 
scrap. 


arranged  in  an  attractive  maimer  and  are  frefjuently 
changed,  so  that  a  new  set  of  exhibits  is  on  view  to 
keep  up  the  interest  of  the  men.  In  the  promotion  of 
safety  and   sanitation   work,  the  Company  has  made 


KIO.    I.i — 0.\E  OF    .VINE  LOCOMOTIVE  CH.\NES   EQl'lPI'El)   WITH    ELIX- 
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6 — Covered    gears    over    truck    wheels    and    on    overhead 
cranes. 

.SICNS,    PUBLIC.-VTION.S    .\ND    LECTl'RICS 

The  company  has  a  book  of  safety  rules  printed 
in  English  only,  and  a  separate  book  of  rules  for 
crane  operators.  In  addition  to  these  books,  there  are 
a  great  number  of  safety  and  danger  signs  posted 
throughout  the  works,  but  these  are  simply  incidental 
in  the  educational  project,  the  main  effort  being  to 
teach  the  workmen  to  be  on  the  lookout  for  danger- 
ous places  and  not  always  to  look  for  a  sign  that  will 
warn  him  of  such  places ;  in  other  words  to  train  the 
eiujjloye  to  use  his  wits  and  be  observant.  Besides 
the  i)enuanent  signs  within  the  works  there  are  at 
the  entrances  electrical  signs  which  display  mottoes 
that  are  changed  weekly.  These  signs  an<l  slogans 
are  ])ainted  in  foreign  languages  in  addition  to  the 
English.  "Safety  First"  display  cases  are  provided 
at  the  main  entrances  and  at  prominent  points  in  the 
works.  These  cases  are  filled  with  photographs, 
drawings,  cartoons,  clippings,  slogans,  etc.     Thev  are 


FU;.  14 — THr  wKo.N'i;  .\.\i)  right  Kixn  of  shoes  for  foundry 

MEN 

The  sign  is  prominently  displayed  in  the  foundry. 

use  of  lectures  and  illustrated  talks  whenever  possible. 
In  191 1,  the  head  of  the  American  Museum  of  Safe- 
ty, as  well  as  the  head  of  the  iron  and  steel  section 
of  this  Museum  gave  lectures  to  the  workmen. 

S.\NIT.\TION 

The  sanitation  is  looked  after  by  a  special  corps 
of  men  who  scrub  the  latrines  twice  a  day.  These 
buildings  are  all  provided  with  modern  toilet  facili- 
ties, are  thoroughly  screened,  and  are  kept  painted 
and  in  good  general  condition.  Individual  paper 
towels  are  sujjplied  instead  of  the  cotton  or  linen 
formerly  used. 

Drinking  water  is  supplied  from  drilled  wells, 
that  are  sunk  several  feet  into  bed  rock  and  frequent 
bacteriological  and  chemical  analyses  are  made  of 
the  water  of  each  well.  A  fountain  system  has  been 
planned    to    include    all    the    \arious    departments    so 


fig.    15 — PROTECTION   FOR  THE  EVES.   F.\CE  .\ND  H.\NDS   I.V   ELECTRIC 
.-^RC  WELDING 

that  water  at  an  even  temperature  w'ill  be  supplied 
to  the  employes  in  the  mills,  thus  doing  away  with 
water  buckets,  coolers  and  other  methods  of  cooling 
and  supplying  water. 
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Waste  cans  are  provided  throiigliout  the  mills 
for  tile  deposits  of  rubbish,  refuse,  and  the  remains 
of  lunches.  A  s])ccial  corps  of  men  are  constantly 
at  work  in  tlic  mills  ami  yards,  to  keep  them  in  good 
condition. 

(Jpen  overhead  fans  are  used  to  cool  the  puddle 
mills   while  the  tube  mills,  rod  and    wire    mills    and 


FIG.    10 — VF.XTILATI.VC    SYSTEM    .\T   THF.   TUBE-MILL    FIK.\.\(T.S 

o])en     hearths     are     provided     with     air    by     cond.uit 
systems. 

WKLl-AKK    I'ROJ  KCTS 

The  welfare  of  employes  enters  directly  into 
many  com[)any  transactions :  for  instance,  requisi- 
tions for  machinery  made  by  the  purcliasing  depart- 
ment require  that  all  proper  safeguards  must  be 
furnished,  and  state  that  this  feature  will  be  taken 
into  consideration    in    making    purchases.      This    has 


FIG.    17 — CHIPPlXc. 

Tile   toggles  and   screen   protect  Ixith   the   workman  and 
Ills  neighbors. 

been  a  standard  rule  of  the  comjiany  for  more  than 
three  years.  Also  the  regular  medical  examination  of 
employes  has  been  of  special  benefit  in  showing  tiie 
men  where  they  are  in  need  of  medical  attention  and 
the  ])articular  things  they  should  have  looked  after. 
Within  the  works  the  welfare  of  the  employe  is  re- 
garded wherever  there  is  a  possibility  of  danger: — 


foundry  workers  are  required  to  wear  congress  shoes, 
which  are  supjjlied  at  cost  to  such  as  need  them ; 
cari)enters,  painters,  linemen,  riggers  and  sailors  are 
Ijrovided  with  rubber  shoes  for  use  on  loose  or  slant- 
ing surfaces ;  and  in  addition  to  these  and  many  other 
such  safe-guards,  three  pulmotors  have  been  placed  in 
the  plant,  which  have  been  called  into  use  a  number 
of  times,  having  proven  their  value  long  since  by  sav- 
ing several  lives  that  might  otherwise  have  been  lost. 
Welfare  projects  have  not  been  confined  to 
working  hours  and  the  interior  of  the  works  by  any 
means.  P'lower  beds  are  scattered  throughout  the 
njills,  and  add  cheerfulness  to  the  work,  giving  a 
touch  of  beauty  to  a  business  that  is  at  best  dirty  and 
unattractive.  These  flower-beds  have  been  found  to 
have  a  tendency  to  make  the  men  want  to  keep  the 
yards  and   shops  cleaner  than  was  the  case  without 
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FHi.    18 — .SIGN    ERKCTKU    NE.\R    THE    .M.MX    G.\TE 

tluni.  .\lso  inspection  of  home  and  living  conditions 
has  been  begun  as  well  as  an  attempt  to  clean  up 
houses  or  homes  found  in  bad  sanitary  condition, 
overcrowded  or  otherwise  unfit  for  habitation. 

CONCLUSION 

Activity  for  the  safety,  health  and  welfare  of  its 
employes  has  developed  in  this  Company  a  large  and 
well  established  department  which  is  as  yet  by  no 
means  perfect  but  which  has  for  its  immediate  and 
ultimate  aim  the  best  interests  of  the  individual 
workman.  To  this  end,  in  addition  to  its  own  plans, 
suggestions  51  re  always  gladly  received  and  a  com- 
mittee meets  monthly  to  consider  such  as  are  sub- 
mitted, cash  awards  being  made  for  suggestions 
which  are  regarded  as  of  sufiicient  merit.  Also  the 
Safety  Dejiartment  is  always  glad  to  answer  letters 
of  inquiry  from  any  source  and  furnish  any  informa- 
tion in  its  power. 


is  505.  This  is  a 
small  output  for 
the  modern  gin 
and  is  due  to  the 
lare;e 
small 


A  Central  Station  Analysis  of  Cotton  Gins 

John  Gelzek,  Jr. 

Tl  ll'.RE    are    today    25279    ginneries    scattered  ning  outfits  with  two  or  more  gins  in  a  battery  in  a 

throughout  the  southern  states  which  in   1912  one  or  two  story  building.     The  efjuipment  consists 

Ijroduced  14  313  000  bales  of  ginned  cotton  of  of  either  a  belt  distributor  or  a  pneumatic  elevator;  flat 

500  pounds  each,  and  6104000  tons  of  cotton  seed.  plain  or  cleaning  or  upright  cleaning  feeders;  single 

The  value  of  this  crop  was  nearly  one  billion  dollars,  I)reasl  (plain)  gins,  or  double  breast  (hullerj  gins  of 

representing  the   output    from   approximately    thirty-  the  single  or  double  rib  type ;  a  double  box  press  with 

four  niillitju  acres  of  cotton  growing  land,   most  of  steam,   ;iir  or  mechanical   tramper    and    with    screw, 

which  lies  in  ten  southern  states,     (iins  usually  o])er-  steam  or  hydraulic  packers ;  and    a    screw    conveyor 

ate    from    two    to  and  Inicket  elevator  or  a    pneumatic    seed    handling 

four        or       fi\c  arrangement  or  both,  as  may  be  preferred, 

months  during  the  1  he   brush   .system   of   ginning  is   driven   Usually 

vear,   beginning   in  from  a  line  shaft  and  either  a  one    story    or    a    two 

September.      T  h  c  story  style  of  building  may  lie  used  for  this  system, 

average  number  of  -^  900  r.p.m.  motor  will    be    found    satisfactory    for 

bales    per    ginnery  belting  directly  to  the  line  .shaft. 

With  the  air  blast  system  the  line  shafts  may  be 
practically  eliminated,  and  the  gins  directly  connected 
to  each  other  and  to  a  short  drive  shaft  by  means  of 
double   universal  couplings.      A    more    compact    ar- 
numljer     of  rangement  is  secured  by  locating    this    system    in    a 
)lants.    As  a  single  story  building,  as  all  the  machinery  in  the  gin- 
result  of  the  more  '""g  plant  comprises  a  single  unit,   all   the  machines 
c^eneral      use       of  being  dependent  one  on  the  other  and  the  plant  oper- 
laro-er     and     more  ating  as  a  whole.    With  the  equal  gin  speed  secured 
modern     gins     the 
average  number  of 
bales     ginned     per 
per     establishment 
is  rapidly  rising. 

PROCKSS 

When  Eli  Whit- 
ney invented  the 
cotton     gin     he 

made  it  possible  to  separate  the  lint  from  the  seed  by 

machinery    instead    of    by    hand.      Later    inventions 

made   possible   elevating,    cleaning   and    handling   the 

cotton   by  power,   as   well   as   ginning,   all   under   one 

roof  and  in  one  continuous  series  of  operations.     The 

standard  ginning  system  of  today  removes  the  cotton 

from  the  wagon  or  storehouse  by  suction  created  by 

an  exhaust  fan,  lifts  it  above  a  battery  of  gins  and 

distributes  it  to  the  feeders,  which  in  turn  deliver  it 

to  the  gins.  From  the  gins  it  is  delivered  to  a  com- 
mon lint  flue  through  which  it  is  conveyed  to  the  bat- 
tery of  condensers  by  means  of  an  air  draft  created 

either  by  brushes  or  by  a  fan.     In  the  condenser  the 

air  is  separated  from  the  lint,  whicli  is  formed  into 

a  continuous  bat,  and   is    automatically    fed    into    a 

press,  where  it  is  pressed  into  bales  and  prepared  for 

shipment.     The  seed  is  ejected  from  the  gin,  and  may 

be  handled  by  the  exhaust  fan  if  desired. 

The  success  of  a  ginning  outfit  depends  both  on 

its  ability  to  clean  the  seed  cotton  thoroughly  before 

removing  the  seed  and  to  handle  it  without  damage 

to  the  staple.     It  is  the  present  practice  to  install  gin- 
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FU;.  1 — CURVE  SHOWING  GROWTH  OF 
COTTON  GINNED  IN  THE  SOUTHERN 
ST.'^TES 

The  dotted  line  represents  tlie  au- 
thor'.'; estimate. 


FIG.  2 — l.N'SIDE  VIEW  OF  .MR  BL.\ST  GIN 

Showing  the  air  pipe  and  the  arrangement  of  the  parts. 
In  this  type  of  gin  the  hriish.  which  ordinarily  cleans  the 
lint  from  the  gin  teeth,  is  replaced  by  an  air  blast  directed 
against  the  gin  teeth,  which  carries  the  cotton  with  it  through 
tlie  lint  Hue,  as  shown.* 

by  connecting  all  the  gins  together,  the  plant  has  a 
higher  load  factor  than  when  separate  drives  are  used. 
\\  ith   the  air  blast   svstem   it   is  the  usual   custom   to 


*Figs.  2  to  7  inclusive  were  secured  through  the  courtesy 
of  the  Lummus  Cotton  Gin  Co..  Columbus.  Ga. 
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funiisli  one  i  "oo  r.p.ni.  motur  with  a  fan  on  each  end 
of  its  shaft  and  a  pulley  for  belt  connection  to  a  com- 
mon gin  shaft.  Systems  ha\ing  cotton  house  un- 
loaders  frequently  have  separate  motor-driven  fan 
units. 

RiWKR   Ki:(jriRi:MENT.S 

-Standard  outfits  are  furnished  with  70  or  80-saw 
gins   which    will   handle   fr^-ni   250   to  600  ])Ounds   of 

lint  per  hour.  In 
estimating  on  the 
Ijowcr  required  for 
single  gins  with  plain 
feeders  and  condens- 
ers it  is  the  usual 
l)ractice  to  estimate 
one  horse-power  for 
every  ten  saws,  but 
in  estimating  the  re- 
quirements for  the 
complete  gin  outfit 
the  power  is  esti- 
mated as  one  horse- 
jjower  for  every  five 
saws,  fan  conditions 
and  cotton  being 
normal. 

Four  80-saw  gins, 
therefore,  would  re- 
quire 64  horse-power 
approximately.  The 
power  estimate,  how- 


FIG.    3 — CROSS-SECTIOX    OF   ROLL    BOX 
ON   \  DOUBLE  RIB,   HULLER  GIN 

These  huller  gins  are  used 
where  the  cotton  is  huUy,  dirty, 
trashy  and  in  bad  condition,  and 
are  also  used  to  gin  long  staple  col- 
ton.  Cotton  from  the  feeder 
passes  into  the  outer  breast  where 
the  saws  catch  and  carry  only 
seed  cotton  into  the  inner  roll 
box  where  it  is  ginned  as  in  the  ever,  is  onlv  approxi 
plain  gin.  The  hulls  and  trash  are 
thrown  out  of  the  outer  lireast  and 
pass  into  a  conveyor.  Stones  and 
other  obstructions  pass  out  with 
the  hull.s.  This  shows  a  brush  gin. 
brushes  being  used  to  clean  the 
lint  from  the  gin  saws  in  contrast 
to  air  blast  for  the  same  purpose. 


mate,  and  necessarily 
must  be,  as  this 
\aries  materially  for 
different  sections  of 
the  country.    In  some 


sections  this  amount 
of  power  is  not  rec|uired,  while  in  some  states  the 
estimate  is  a  little  low.  It  has  been  found  in  the 
^Mississippi  delta  that,  owing  to  the  extra  weight  of 
the  cotton,  heavier  machinery  is  required  and,  conse- 
quently, about  2^^  percent  more  power  is  needed  to 
TABLE  I— COTTON  PRODUCTION— 1912 


Number  of  bales  produced 14  313  015 

Aggregate  value   S   !120  630  000 

Weight  of  ginned  cotton,  lbs 6  556  500  COO 

Value  of  ginned  cotton $  792  240  000 

Weight  of  cotton  seed,  tons 6  104  000 

Value  of  cotton  seed $  128  3i)0  000 


operate  ginneries  in  this  section  than  with  the  so- 
called  "hill  cotton"  or  short  staple  cotton,  but  the 
above  estiinate  as  an  average  will  be  found  a  safe  one. 
Standard  ginneries  of  four  80-saw  or  four  70- 
saw  outfits,  according  to  the  location  and  the  kind  of 
cotton  ginned,  will  require  from  50  to  75  horse- 
power and  it  is  customary  to  recommend  a  75  horse- 
power motor  for  driving  these  outfits,  a  50  horse- 
power motor  for    the    three  ,gin    outfits,    and    a    35 


horse-power  motor  for  two  gin  outfits.  A  75  Horse- 
power motor  will  be  found  satisfactory  for  five  gin 
outfits,  and  a  85  horse-power  motor  for  six  gin  out- 
fits. 

A  gin  usually  operates  during  September.  <  >cto- 
ber,    November  anti   half   of   December.     Conditions 

TABLE   II— POWER  REQUIRED  FOR  COTTON  GIN- 
NING MACHINERY 


REMARKS 


70  Saw  Gin 

70  Saw  Feeder 
40  in.  Condenser 
50  in.  Condenser 
Conveyor 
Conveyor 
Conveyor 
Cotton  Cleaner 
3J  in.  Double  Fan 
35  in.  Double  Fan 
40  in.  Double  Fan 
46  in.  Double  Fan 
Screw  Press 
Friction  Tramper 


No.  used  depends  on  cap.  of  plant 
No.  used  depends  on  cap.  of  plant 

Used  in  2.  3,  and  4  gin   plants 

Used  in  5  and  <i  gin  plants 

Used  in  2  and  3  gin  plants 

Used  in  4  gin  plants 

Used  in  5  and  6  gin  plants 

-Ml  plants — if  used 

Used  in  2  gin  plants 

Used  in  3  and  4  gin  plants 

Used  in  5  gin  plants 

Used  in  6  gin  plants 

All  plants — if  used 

All  plants — if   used 


BP 

IJ.5 
0.8 
1.2 
1.5 

1.0 

2.0 

2.5 

5.0 

17.8 

25.8 

34.4 

43.2 

lo.O 

4.0 


vary,  however,  according  to  location,  gins  beginning 
to  operate  about  July    15    in    southern    Georgia   and 
southern  Texas  and    not    until    about     '%ji:ii;>^ 
October   in  the  northern   parts   of   the 
South.      In   what   is   known  as  custom 
ginning  the  power  consumption  will  be 
found   high   on   account   of   the   ineffi- 
cient running,  the  gin  being  run 
light  at  the  beginning  and  end 
of  the  ginning  period. 

The    appro.ximate    cost   of 
a  complete   four    70-saw    elec- 
trically-operated    ginnery,     in- 
cluding iron  clad 
building,   is  $5000 
deli\ered      and 
erected. 

.VNALVSIS 

The  usual 
charge  for  gin- 
ning a  500  pound 
bale  is  $1.25  in 
the  East  and 
$2.50  in  the  West. 
Prices  vary,  of 
course,  according 
to  conditions  and 
com[)etition.  At 
t6  kw-hr.  power 
consumption  per 
500  lb.  bale  and 
a  flat  rate  of  2.2 
cents  per  kw-hr.  it  required  over  five  million  dollars 
worth  of  power  to  gin  the  1912  cotton  crop.  This 
output,  figured  back  to  $25  per  continuous  horse- 
power-year, represents  an  equivalent  of  201  344  horse- 
power. For  the  25  279  gins  it  is  estimated  there  is 
required  over  one  million  primary  horse-power.  Many 


FIG.    4 — CROSS    SECTIOX    OF   A   BRUSH    GIX 
.\XD  CLE.\XER    FEEDER 

Cotton  enters  from  the  elevator 
chute  where  fluted  rolls  pinch  it  and 
hold  it  until  fast  revolving  picker 
drums  beat  the  cotton  free  and  against 
a  metal  screen  removing  dirt,  trash, 
small  stones,  etc.  Dirt  and  trash  after 
passing  through  the  screens  are  re- 
moved by  a  small  screw  conveyor  to 
any  convenient  point  within  the  gin 
house. 
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of  these  gins  arc  located  in  the  rural  districts,  but  it 
will  be  found  that  the  tendency  is  to  concentrate 
towards  the  towns,  especially  with  the  larger  gins,  as 
most  of  the  cotton  crop  is  being  hauled  to  the  towns 
or  cities  to  be  ginned  and  then  the  baled  cotton  dis- 
posed of.  It  is  estimated  that  50  percent  of  this  gin 
load  is  within  access  of  electrical  energy,  so  that  the 
central  stations  in  the  southern  states  should  have 
connected  to  their  lines  approximately  500  000  jirimary 
horse-power  in  gins. 

In  comparing  a  steam-driven  gin  with  an  electric- 
ally-driven gin,  where  electrical  energy  is  available, 
it  will  be  found  that  the  first  cost  of  the  steam  plant 


so  that  the  estimated  saving  in  power  was  31.3  per- 
cent. 

From  a  number  of  tests  made  on  electrically- 
operated  ginneries  it  is  found  that  the  power  con- 
sumption required  per  500  pound  bale  ginned  varies 
from  13  to  20  kw-hr.  per  bale,  depending  on  the  con- 
dition of  the  cotton  and  the  location.  It  is  safe  to 
figure  on  15  to  16  kw-lir.  per  bale.  The  rate  varies 
from  three  cents  to  two  cents  per  kw-hr.  However, 
it  has  been  found  from  actual  tests  on  motor-driven 
gins  by  a  large  power  distributor,  that  as  an  average 
a  rate  of  2.2.  cents  per  kw-hr.  will  represent  a  profit 
to  the  gin  and  a  reasonable  jirofit  to  the  distributor 


TABLE  III— TYPICAL  PLANTS  TESTED 


t>i„„t             Horse-power 
Pl^°'                of  Motor 

Average  De-            Number 

Size  of  Gin            mand  in                Jlonths 

:    Horse-power          Operated 

Kw-Hr.  per 

500  lb.  bale 

Ginned 

Power  Rate     1  fA     ,     ,  x> 
Cents  per      1  Cost  of  Power 

Kw-Hr.        1       P"*'^''^ 

A                          50 

3-70  Saw                  48 

3 

15.2 

First   750 

KwHr.  7c;  all 

over  at  2c 

$0.41 

B                          50 

3-80  Saw 

65 

4X 

19.2 

$75  Min.  per 
Month— Rate 

l^c 

0.28 

1 

C                         75 

4-70  Saw 

70 

^% 

20 

2c 

0.40 

D                         la 

4-70  Saw                 58 

4^ 

13.5 

3c 

0.405 

E                         75. 

4-70  Saw                  GO 

4 

13.5 

2.2c 

0.297 

F                         75 

4-80  Saw                   69 

4 

60c  per  bale 

0.50 

will  be  greater  and  the  depreciation  very  much  more 

on  account  of  the  idle  months  and  it  has  been  esti- 
mated very  closely  that  the  annual  savings  in  a  four 
70-saw  gin,  in  interest  and  depreciation,  is  $194  in 
fa\or  of  the  electrically-driven  over  the  steam-dri\en 

TABLE  IV.— GIXXERIES— 1912. 

Nnmber    of    ginneries 25  279 

Average   number  running  liales  ginned  per 

establishment 535 

Number   of  months  operated  annually  (.Sept., 

Oct.,   Nov.,   Dec,  Jan.) 3  to  5 

Average  primary  horse-power  required  per 

five-saw  gin  capacity .  .  i  to  1-2 

Average     size     up-to-date     gin     now     being 

installed. . -. 4-70  saw 

Average  primary   horse-power  required   for 

above 50  to  75 

Approximate      number     500     pound      bales 

ginned    per    season i  200 

*Time  required  to  gin   one  500  pound  bale 

(by    above) -o  minutcs 

Average  electrical  energy  consumption  per 

500     pound     Ijale     ginned     and     pressed 

( from  15  to  18  kw-hr  J 16  kw-hr. 

Rate      per      kw-hr.      charged      by      central 

stations    for    electric    power    (no    demand 

charge) 2.2  cents 

Cost    of    electric    power    per    500-lb     bale 

ginned  and  pressed 35  cents 

gin.  On  a  gin  which  we  have  tested,  in  ginning  i  200 
bales  per  season,  this  annual  saving  of  $194  repre- 
sented a  saving  of  16  cents  per  bale  ginned.  The 
power  consumption  was  16  kw-hr.  per  bale  at  a  rate 
of  2.2  cents  per  kw-hr.,  making  the  cost  of  power  for 
ginning  the  cotton,  35  cents  per  500  pound  bale.  The 
steam-driven  outfit  would  have  cost  51  cents  per  bale 


of  electrical  energy.     One  power  distributor  is  mak- 
ing a  flat  rate  of  50  cents  per  bale  ginned 

A  chart  is  shown  in  Fig.  8  based  on  a  charge  of 
$1.50  for  ginning  a  500  pound  bale,  separated  into  its 


*Regular  time  is  15  min.  for  clean  cotton,  20  min.  for 
good   huUy   cotton.   25   min.   for   bad   hully   cotton   and  30 
imin.   for  ball   cotton. 


FIG.    5 — SECTIO.NAL    VIEW    OF    THE    COXDE.VSER,    SHOWIXG    METHOD^ 
OF  OPER.\TION 

The  shaded  part  shows  the  movement  of  cotton ;  the  ar- 
rows indicating  the  direction  of  air,  which  passes  through  a 
screen  on  the  revolving  drum,  carrying  any  dust  or  dirt  with- 
it,  the  dirt  being  removed  from  the  ginnery  by  a  conveyor. 

component  parts  such  as  power  cost,  interest,  de- 
preciation and  labor.  Properly  speaking,  there  should 
be  a  charge  separated  from  the  profit  as  repairs,  but 
as  this  is  a  negligilile  t|uantity  and  in  many  cases  is 
taken  care  of  in  the  interest  and  depreciation  account,. 
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we  have  made  no  attempt  to  separate  this.  Its  vakie 
depends  hirgely  upon  the  care  given  the  ginning  ma- 
chinery, but  it  should  not  amount  to  more  than  two 
cents  per  bale  ginned. 

In  this  particular  case  the  ginnery  handled  2000 
bales  during  the  season  with  an  average  current  con- 
sumption of  16  kw-hr.  per  bale.  They  paid  for  this 
at  the  rate  of  2.2  cents  jier  kw-hr.     The  plant  repre- 


This  is  interesting  to  the  extent  tliat  it  gives  a  com- 
parison of  the  different  component  cost  parts  which 
go  into  the  ginned  bale.  The  percentages  are  given 
as  percentage  of  the  total  charge  of  Si. 50  fur  gin- 
ning. 

CONCLL'SION 

It  would  appear  that  there  is  a  considerable  load 
available  within  access  of  the  lines  of  central  stations 


FK;.  6 — .\   FOUR  GIN   SYSTEM    WITH    -MK   H!..\ST   PL.\IX    (IIN-S.   KI.K(  TRIC.^LLV   OPER.\TF.n 

The  saw  shafts  are  connected  by  means  of  double  universal  couplings,  which  allow  disalignment  of  the  gins,  as  well 
as  providing  for  slight  settlin.g.  The  cotton  is  lifted  into  the  elevator  and  distributed  to  the  gins,  by  suction  from  the  fan 
mounted  on  the  left  end  of  the  motor  shaft.  The  e.xhaust  from  this  fan  serves  to  carry  away  tlie  cotton  seed.  The  fan  on 
the  right  end  of  the  shaft  provides  the  air  blast,  which  removes  the  lint  from  the  saw  teeth  and  carries  it  through  the  large 
flue  to  the  condenser  at  the  top  of  the  building.  From  the  condenser  the  cotton  is  fed  in  a  smooth,  even  bat  into  the  press, 
at  the  extreme  riaht. 

sented  an  in\estment  of  $5000  and  they  had  a  labor  in  the  South  in  operating  cotton  gins.  Though  this 
item  fo  $300  for  the  season.  The  interest  and  de-  load  was  looked  upon  for  many  years,  and  is  still 
preciation  was  figured  at   i;    percent    and    the    price      looked  upon  by  some  central  stations,  as  undesirable 

on  account  of  the  operation,   facts  do  not  bear  this 


FIG.    7 — llFSIGN"    .\NP  L.W-OIT    FOR   .^X    IXLCMllXG   OCTFIT   WHICH 
M.W  BE  USED  FOR  EITHER  A  L.\RCE  OR  SMALL  PLANT 

charged  for  ginning  was  $1.50  ])er  bale.  In  this  case 
the  power  cost  per  bale  was  35  cents,  interest  and  de- 
preciation 37.5  cents,  labor  15  cents  and  the  profit 
62.5  cents  which  would  be  reduced  by  the  repairs  per 
bale,  which  would  amount  to  approximately  two  cents. 


Tow— SIJO 
FIG.  8 — DISTRIBUTION  OF  COSTS  OF   GIN.VISG  COTTOK 

out.  As  a  matter  of  fact  central  stations  can  take  on 
gin  loads  at  a  profit,  and  at  the  same  time  make  it 
profitable  to  the  ginnery  to  use  central  station  power. 
The  interest  arid  depreciation  on  the  investment  of 
the  central  station  for  the  idle  months  is  small  and 
for  the  average  gin  installation  is  amply  covered  by 
$50  per  year. 
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Electric  Power  for  Textile  Mills 

John  S.  Henderson,  Jr. 

PERSOSAL  COKTACT  zliIIi  the  vuinaying  and  opcratiny  heads  of  textile  mills  has  deTcloped  meth- 
ods of  treatment  of  this  subject  that  have  not  only  aroused  interest  hut  secured  action.  As  the  treasurers 
and  superintendents  are  accustomed  to  think'  in  terms  of  money  and  mechanics,  the  subject  is  treated  from 
an  investment  standpoint  and  in  mechanical  terms.  The  treasurer  7i'a»/.f  to  know  what  return  tii'//  be  se- 
cured on  the  money  invested.  The  superintendent  wants  to  know  whether  the  speed-torque  characteristics 
of  the  power  offered  suit  the  productii'e  machinery  in  his  mill. 


UK  CARDINAL  factors  which   should  govern 

the  choice  of  a  power  scheme  for  a  new  mill 

are : — 

I — Speed-torque  characteristics  of  the  power    for    best 

quality  and  greatest  quantity  of  product. 
2 — Cost  of  the  power. 

The  quality   of   the   product   is   considered   first, 

because  the  cost  of  the  power  does  not  differ  very 

widely  with  the  diflferent  methods  now  in  use. 


The 


-Sl'F.ED-TORQUE    CH.\R.^CTERI.STK".S 

inherent   speed-torque   characteristic 


of   the 

productive  machine  is  the  first  point  for  analysis.  For 
the  larger  part  of  the  productive  machinery,  the  torque 
(force  tending  to  turn  the  main  shaft)  should  not 
vary  in  intensity  within  one  revolution  of  the  main 
shaft  of  the  productive  machine.  The  speed  should 
be  steady — or  uniform.  It  should  not  increase  or  de- 
crease in  speed  suddenly  within  one  revolution  of  the 
main  shaft.  Looms,  moreover,  demand  the  application 
of  a  power  whose  speed  is  itself  uniform,  although  the 
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FIG.    I — TURXIXC  EFFORT   DL-Rl-NC  OXE  REVOLUTION    OF   THE   CRANK 

torque  demand  may  vary  50  percent  or  more.  For 
looms  an  individual  motor  can  be  designed  and  built 
to  absorb  satisfactorily  the  shock  due  to  the  sudden 
change  of  load.  The  slip  of  a  belt  may  have  a  reason- 
able cushioning  effect.  The  modern  loom  is  built  with 
a  friction  drive  which  acts  as  a  shock  absorber. 

In  general,  the  productive  machinery  requires  a 
uniform  speed  and  a  uniform  torque  applied  to  the 
main  shaft.  Electric  motors  which  secure  power 
from  steam  turbines  meet  the  desired  conditions. 

SPEED   CH.VRACTERISTICS   OF   RECIPROC.XTING    ENGINES 

The  engine  usually  seen  in  a  mechanically  driven 
mill  is  a  cross-cotnpound  engine  with  cranks  at  right 
angles.  Let  us  assume  equal  loads  on  the  two  cylind- 
ers. Suppose  the  pressure  of  the  steam  uniform 
throughout  the  stroke,  the  connecting  rod  to  act  al- 
ways parallel  to  the  center  line  of  the  engine,  and  the 
moving  parts  to  be  without  weight,  the  total  pressure 
tending  to  turn  the  shaft  would  resemble  the  curve. 
Fig.  I.    The  pressure  tending  to  turn  the  .shaft  around 


varies  from  a  ma.ximum  to  a  minimuin  and  the  speed 
of  the  shaft  is  j)ulsating.  In  reality,  the  steam  pres- 
sure is  constant  for  only  a  part  of  the  stroke,  the  con- 
necting rod  does  not  move  parallel  to  the  center  line 
of  the  engine,  and  the  moving  parts  have  weight.  .\ 
flywheel  of  large  diameter  with  a  heavy  rim  is  used 
as  an  expedient  to  reduce  the  pulsations  in  speed. 
The  speed  must  rise  and  fall  to  make  use  of  the  "fly- 
wheel effect."  Exact  tests  have  shown  speed  pulsa- 
tions up  to  four  percent  on  cross-compound  engines. 
Tachometer  readings  on  the  main  jack  .shaft  in  any 
mechanically  driven  mill  will  show  material  pulsations 
in  speed.  There  is  this  inherent  undesirable  speed 
condition  in  any  reciprocating  engine. 

TR.\NSMISS10N  BV  SHAFTING  -\ND  BELTING 

There  are  two  cardinal  points  to  consider  in  sucli 

a  transmission  system  : — 

I — Shaft  torsion. 

2 — Alternate  tightening  and  slacking  of  belts. 

The  elasticity  of  steel  shafting  is  such  that  when 
a  long  shaft  supported  by  a  number  of  hangers  is 
started  the  part  to  which  power  is  applied  turns  be- 
fore the  free  ends.  iTie  reaction  causes  the  free  ends 
to  "hunt"  for  equilibrium.  When  the  torque  of  the 
productive  machinery  is  variable,  as  in  a  weave  shed, 
equilibrium  is  never  realized.  In  a  spinning  room  the 
uniform  torque  reciuired  and  the  large  flywheel  effect 
in  the  productive  machinery  tends  to  steady  the  shaft, 
but,  because  of  the  inherent  pulsating  speed  of  the 
engine  and  the  alternate  tightening  and  slackening  of 
l)elts  in  the  main  and  subsidiary  drives,  equilibrium  is 
never  reached  even  in  the  spinning  room. 

Tachometer  readings  in  a  number  of  mechanic- 
ally driven  mills  show  that  the  shafting  varies  instan- 
taneously in  speed  within  one  revolution  of  the  shaft 
by  amounts  varying  from  three  percent  to  more  than 
30  percent.  In  one  mill,  for  instance,  the  speed  of 
a  shaft  in  a  weave  shed  varies  six  percent  at  the 
driven  part  and  20  percent  at  the  free  ends  within  one 
revolution.  On  this  shaft,  assuine  that  a  pulley  at  the 
free  end,  whose  average  surface  speed  is  I  000  feet 
per  minute,  drives  a  loom  by  means  of  a  belt.  Neces- 
sarily, there  must  be  a  slip  of  the  loom  pulley  due  to 
the  sudden  load  changes.  But  the  belt  itself  is  not 
being  supplied  with  uniform  speed.  There  is  an  ex- 
cess slip  between  driving  pulley  and  belt  due  to  fre- 
quent changing  of  the  surface  speed  of  the  pulley 
from  900  to  I  100  feet  per  minute  almost  instan- 
taneously, as  shown  in  Fig.  2. 

The  use  of  an  electric  motor  driving  short  lengths 
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of  shafting,  as  in  l-"ig.  },.  wnuld  maintain  reasonably 
uniform  surface  speed  of  the  pulleys  on  the  line 
shafts.  The  acceleration  in  surface  speed  of  the  driv- 
ing pulley  from  900  to  i  100  feet  per  minute  may  often 


1000  Pi, 
per  Min. 


FIG.  2 — DIAGRAM   INDICATIXG  THE  RAPID  CHANGES  OF   SPEED 
WITHIN   A  SINGLE  REVOLUTION  OF  THE  PULLEY 

occur  just  when  the  loom  pulley  should  slip.  Ex- 
cessive back  lash  in  the  loom  belts  is  present  in  most 
mechanically   driven   weave   sheds  and   is   apparent. 

tdST   OF  POWER 

Five  present  methods  of  driving  a  mill  requiring 

a  ])cak  load  of  2  000  indicated  horse-power  are  here 

considered : — 

I — Two   I  000  horse-power  cross-compound   engines 
and  mechanical  drive. 
II — Two    750    kilowatt    high-pressure     turViines    and 
group  motor  drive. 

Ill — One  2000  horse-power  combination  cross-com- 
pound engine  and  low  pressure  turbine  and  com- 
bined drive. 

IV — One  750  kilowatt  high-pressure  turbine,  and  one 
730  kilowatt  bleeder  turbine,  with  group  motor 
drive. 

V — Purchased  power  and  group  motor  drive. 

In  this  example  the  steam  conditions  are  as- 
sumed to  be : — 

Plant  I  — 150  lbs.  gauge  pressure,  26  in.  vacuum. 
Plants  II,  III  and  I\' — i,=;o  lbs.  gauge  pressure,  28  in. 
vacuum. 

First  costs  include  complete  power  plants  and  all 
auxiliary  equipment  necessary  to  drive  tlie  main  shafts 
in  the  mills.    Economizers  are  not  included. 

Operating  costs  are  based  on  results  realized  in 
Fall  River  and  New  Bedford  mills,  where  good  con- 
densing water  is  available,  some  published  records, 
and  results  from  turliine  jjlants  now  installed. 


FIG.   3 — A    METHOD  OF  OBTAINING    FAIRLY    UNIFORM    SPEED   BY 
THE    USE   OF    MOTOR    AND    SHORT   LENGTHS    OF    SHAFT 

The  mills  in  Fall  River  make  print  cloths.  The 
New  Bedford  mills  make  fine  goods.  Good  soft  coal 
in  most  of  these  mills  costs  in  the  neighborhood  of 
$5  per  ton  on  the  toiler  room  floor,  which  is  the  price 


assumed.  The  power  jflants  for  mechanical  drive 
usually  consist  of  two  engines  belted  direct  to  the 
main  line  shafts  in  the  mill.  The  no-hjad  losses  of 
the  engine,  shafting  and  belting  are  usually  about  25 
percent  of  the  total  load  when  all  machinery  is  run- 
ning. The  corresponding  loss  under  load  is  about 
35  percent  of  the  total. 

The  first  costs,  given  in  Table  I,  vary  but  little 
with  the  locality.  The  cost  of  coal  per  ton  wilt  vary 
with  the  locality,  modifying  this  item.  For  instance, 
with  good  soft  coal  at  $3.00  per  ton.  for  the  isolated 
plants  the  cost  per  indicated  horse-power  per  year 
would  be  less  than  shown  in  the  table  by  about  19 
jjercent.  .\  change  of  ten  percent  in  the  cost  of  cen- 
tral station  power  per  kw-hr.  will  change  the  total 
cost  per  year  (or  the  cost  referred  to  indicated  horse- 
I)ower  in  the  engine)  by  about  eight  percent. 

In  Plants  I.  II  and  III,  heating  and  slashing 
costs  were  not  considered,  as  the  amount  of  slashing 

TABLE  I— REL.\TVE  C03TS  OF  POWER  FOR  A  PEAK  LOAD  OF  2  00O 

INDICATED  HORSE-POWER,  CORRESPONDING  TO  1  270 

KILOWATTS  AT  SWITCHBOARD 


Plant  in  V    „ 

Combii  a-    i,i      .  n-  Central  Sla- 
I,e,„  ,    Plant !     Plant  II     y^  eq*     '^.""".l^     tion  Power 

Engines    Turbines^';;^"ji''L°  p.    B  eeder  ^(^.p^^  kilo. 
Turbine    ^urbino     „.„„  ,,„„, 


First  cost ;  SI30  000 

Fixed  charge.- -12 

percent 15  fiiio 

Labor .')  000 

Coal  or  Energy 21  li-'iO 

Snpplics  A  repairs  2  UOO 


watt  hour 


$125  000         S115  000     $123  000 


l,"iO0O 

•iOOO 
20  000 
2  009 


13S00 
4  510 

IX  1110 
2  260 


15  COO 
5  000 

i9i;oo 

2  000 


Total  per  year ... 

Cost  per  indicatcrt 
horsa-power  per 
year 


44  7.50        42  0('0 


3S  050        41  600 


$35  006 


4200 

2  000 

31  .500 

30O 

3-OCO 


22.37 


21.00 


19.32 


20.SO 


and  heating  varies  wiiii  the  locality.     For  comparison 

with    Plant    IV,    which    includes    a    turbine    to   bleed 

steam   for  slashing  and  heating,  assume : 

Slashing — j  coo  lbs.  steam  per  hr. — 1200  hrs. 
per  year.  Slashing  and  Heating — 0  500  lbs. 
steam  per  hr.— i  500  hrs.  per  j'ear. 

The  total  would  be  6io  tons  of  coal  per  year  if 
steam  were  taken  from  boilers. 

GENER.\L   REMARKS 

The  costs  given  in  Table  I  are  actual.  The  coal 
consumption  is  based  on  the  average  of  a  number  of 
mills.  Labor  and  supplies  are  based  on  actual  re- 
sults. (Jbsolescence  is  cared  for  on  a  twenty-year 
sinking  fund  basis.  The  estimates  for  slashing  and 
heating  are  based  on  tests  and  actual  costs  for  Fall 
River  and  New  Bedford  territory.  The  costs  of 
electrical  apparatus  are  based  on  equipment  that  has 
been  installed.  The  kilowatt-hour  price  of  purchased 
power  is  assumed  for  the  sake  of  comparison. 

The  drives  chosen  are  as  nearly  as  possible  com- 
parable group  electric  and  mechanical  drives.  The 
losses  of  a  plant  under  load  between  the  indicated 
horse-power  of  the  prime  mover  and  the  brake  horse- 
power at  the  shaft  of  the  productive  machine  are  ap- 
proximately the  same  for  mechanical  drive  and  for 
turbines  with  group  electric  drive. 
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THE  ADDITION   (>!•■  EQUIPMENT  TO  EXISTING   I'l.ANTS 

Additions  of  low  pressure  and  bleeder  turbines 
to  ])lanls  already  installed  often  pay  a  fairly  good  net 
return  on  the  money  invested,  even  where  no  increase 
in  ])owcr  is  contemplated.  In  cases  where  additional 
power  is  needed,  handsome  returns  are  possible. 

Lozi'  Pressure  Turbines — The  reason  why  rela- 
tively ma.xiniuni  ecDUoniy  re>uh>  fmni  adding  a  I'uv 
pressure  turbine  to  a  cross-compound  engine  can  be 
observed  by  referring  to  Fig.  4.  This  provides  a  Ijasis 
l)y  which  to  compare  the  amounts  of  energy  realized 
by  different  prime  movers.  The  chart  is  based  on  one 
pound  of  dry  saturated  steam  at  165  lbs.  absolute 
pressure,  entropy  1.56,  the  volume  of  wliich  is  2.753 
cu.  ft.  One  curve  shows  the  relation  lietween  ex- 
pansion and  pressure.  The  other  shows  the  relation 
between  total  heal  and  pressure. 

Economv  in  a  steam  engine  is  realized  by  using, 
to  as  great  a  degree  as  feasible,  the  property  of  e.x- 
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FIG.    4 — CO.MP.ARISO.V    OF    STEAM    E.XPAXSIOXS    OF    FOVR    TYPES    OF 
PRIME    MOVERS 

A — Simple   non-coiideiising  engine. 
B — Compound  non-condensing  engine. 
C — Compound  condensing  engine. 
D — Engine  and  low-pressure  turbine. 

pansion  of  steam  with  drop  in  pressure.  There  are 
commercial  and  engineering  limitations  to  the  use  that 
can  be  made  of  this  property  of  steam  with  a  com- 
pound engine. 

.Vs  niav  be  seen  in  the  table  in  Fig.  4.  four  types 
of  prime  movers  are  considered :  the  simple  non-con- 
densing engine,  the  compound  non-condensing  engine, 
the  compound  condensing  engine  and  the  comlnnation 
of  compound  non-condensing  engine  and  low  pressure 
turbines  or  high  pressure  condensing  turbine — the 
same  figures  in  the  table  will  apply  for  either  case  of 
the  last  condition  mentioned.  In  all  of  the  above  en- 
gines and  combinations  assume  that  the  steam  fol- 
lows the  adiabatic  line.  For  simplicity  of  e.xplana- 
tion  further  assume  that  one  pound  of  steam  is  ad- 
mitted per  stroke,  in  each  engine.  Considering  the 
simple  non-condensing  engine,  assume  that  cut  off 
occurs  at  20  percent  of  stroke,  that  release  takes  i)lace 
at  the  end  of  the  stroke,  and  that  the  exhaust  or 
terminal  and  the  release  pressure  are  the  same.  Then 
the  expansion  ratio  is  five  and  so  the  volume  of  the 


cylinder  is  5  X  2.753  "Jr  ^i-7^^  cubic  feet,  as  2.753 
cubic  feet  is  the  specific  volume  of  dry  steam  at  165 
l)ounds  aijsolule  pressure.  Now  the  quality  of  steam 
at  release  is  about  ^j  i)ercent,  which  gives  a  specific 

\olumeof       ^     or   15.45  cubic  feet  and  tlie  i)reisure 
o.iSy  '     " 

corres])onding  to  this  specific  volume  is  2O.5  pounds 
absolute  which  is  the  exhaust  pressure  for  the  simple, 
non-condensing  engine. 

Considering  the  non-condensing  compound  engine, 
witli  a  cylinder  ratio  of  3  to  i,  assume  that  the  ex- 
haust or  terminal  pressure  is  16.5  pounds  absolute, 
that  release  occurs  at  the  end  of  the  stroke,  and  that 
the  exhaust  and  the  release  pressures  are  the  same. 
As  this  e.xhaust  volume  of  the  steam  is  24.05  cubic 
feet  and  the  quality  of  the  steam  at  exhaust  is  87  per- 
cent which  gives  a  cylinder  volume  of  0.87  X  24.05 

or  2o.(j3  culjic  feet,  then  the  expansion  ratio  is        ''■5 

or  7.6.  -■/'?3 

Considering   the   condensing    compound    engine. 

assume  a  cylinder   ratio  of  4.5   to    i    and  cut  off  at 

;.,  4? 
0.25 


25  percent  of  stroke :  then  the  expansion  ratio  1 


or  18.  When  the  same  release  and  exhaust  pressure 
conditions  are  assumed  as  before  the  volume  of  the 
low  pressure  cylinder  is  18  X  2.753  ov  49.56  cubic 
feet.     Xow  the  quality  of  the  steam  at  release  is  83.3 

49-56 


percent,  which  gives    a    specific    volume    of 


0.833 


or»59.4  cubic  feet  and  the  pressure  corres[)onding  to 
the  specific  volume  is  6.3  pounds  absolute,  which  is 
the  exhaust  i)ressure  of  the  compound  condensing 
engine. 

Considering  the  combination  of  compound  non- 
condensing  engine  and  low  pressure  turbine  or  high 
pressure  condensing  turbine,  assume  an  exhaust  pres- 
sure of  one  pound  absolute.  The  quality  of  steam 
at  exhaust  will  be  77.6  percent  and  the  specific  volume 
corresponding  to  one  pound  absolute  pressure  is  333 
cubic  feet  which  gives  an  actual  volume  at  exhaust, 
for  one  pound  of  steam  admitted  to  the  engine,  of 
0.776  X  333  or  258.3   cubic   feet.      Then   the   expan- 


sion ratio  IS 


258^ 
2.753 


or  93.9.^ 


For  a  compound  condensing  engine  cutting  off 
at  2^  percent  stroke,  the  cylinder  ratio  to  meet  this 
condition  would  be  94 -f- 4  =  23.5  to  I.  Such  a  ma- 
chine would  l)e  a  commercial  impossibilit\'  regardless 
of  design. 

The  work  done  by  the  non-condensing  compound 
engine  and  low  pressure  turbine  is  proportional  to 
the  area  from  165  lbs.  to  one  lb.  absolute  and  94  ex- 
pansions, as  compared  with  18  expansions  in  the  4.5 
to  I  compound  condensing  engine  referred  to  above. 
In  short,  the    greater    economv    realized    bv    a    low 


*The  figures  for  the  different  engines  of  total  heat, 
both  initial  and  terminal  were  determined  from  an  en- 
tropy temperature  chart  and  checked  from  Marks  & 
Davis    steam    tables. 
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pressure  turbine  and  engine  is  due  to  an  extension 
of  the  use  of  the  expansive  property  of  steam  beyond 
the  point  that  is  feasible  for  a  compound  engine. 

From  Fig.  4,  it  is  apparent  that  the  work  (and 
the  heat  drops)  in  the  non-condensing  compound  en- 
gine and  the  low  pressure  turbine  are  nearly  equal, 
if  the  engine  terminal  pressure  is   16.5  lbs.  absolute. 

Buonxtrlc    Condcnur 


FIG.    5 — SYNCHRONOUS    B.AL.^XCER    COMBIX.\TION    SET 

Synchronous  Balancer — In  operating  a  low  pres- 
sure turbine  with  a  compound  engine  and  mechanical 
drive,  there  are  desired: — 

I — Ma.ximum     economy     from     the     triple     expansion 

system. 
2 — Application     of     turbine     speed     characteristic     to 

mechanical  transmission  system. 

These  results  are  secured  by  means  of  a  syn- 
-chronous  motor  called  a  balancer.  A  method  of  con- 
necting engine,  turbine  and  balancer  is  shown  in 
Fig.  5.  The  synchronous  motor  is  electrically  tied  to 
the  turbine  and  mechanically  tied  to  the  engine.  It 
performs  two  duties : — 

I — With  change  of  absolute  or  relative  electrical  and 
mechanical  load,  it  automatically  proportions  the 
load  between  engine  and  turbine  insuring 
ma.ximum  economy. 

2 — It  supplies  a  uniforin  torque  to  the  jack  shaft  thus 
giving  a  uniform  speed  to  that  part  of  the 
mechanical   transmission   system. 

Bleeder  Turbines — Where  steam  for  heating, 
bleaching  or  slashing  is  required,  a  bleeder  turbine 
may  prove  a  good  investment.  A  bleeder  turbine 
takes  high  pressure  steam,  which  does  work  in  the 
iiigh  pressure  section,  automatically  bleeds  the 
amount  of  steam  required  by  the  heating  system  at 
a  lower  pressure,  by-passing  the  remainder,  which 
performs  more  work,  through  the  low  pressure  sec- 
tion to  the  exhaust.  Thus,  a  part  of  the  power  be- 
comes a  by-product  of  the  necessary  heating  system. 
The  principle  is  shown  in  the  temperature-entropy 
diagram,  Fig.  6,  where  the  heat  units  in  areas  A,  B 
and  C  are  necessary  for  mechanical  power  and  the 
heat  in  the  area  D  is  necessary  for  the  heating  sys- 
tem. That  part  of  the  mechanical  load  represented 
by  the  area  B  becomes  a  by-product  of  the  necessary 
heat  D  for  the  heating  system.  Whatever  the  value 
of  D.  the  proportion  A:B::C:D  always  holds  true. 


The  relative  conditions  may  change  from  time  to 
time,  in  which  case  more  or  less  power  may  become 
a  by-product  of  the  heating  system.  In  Plant  IV, 
the  saving  in  coal  per  year  compared  with  Plant  II, 
was  $400  per  year  by  making  a  small  part  of  the 
power  a  by-product  of  12  percent  of  the  total  steam. 

Bleeder  turbine  installations  are  making  a  hand- 
some net  return  on  the  investment  in  all  the  cases 
where  the  conditions  are  favorable.  A  large  mechan- 
ically-driven mill  with  a  bleachery  attached  is  in  most 
cases  an  excellent  possibility  for  a  bleeder  turbine  in- 
stallation. This  turbine  shares  with  the  high  pressure 
and  low  pressure  turbine  the  characteristic  of  uniform 
turning  moment,  and  consequent  uniform  speed  ap- 
plied to  the  shaft  of  productive  machines.  The  non- 
condensing  turbine  extends  the  advantages  of  a 
bleeder  turbine  in  that,  where  the  heating  demand 
equals  or  exceeds  the  relative  power  requirement,  all 
of  the  power  is  a  by-product. 

CENTRAL   ST.\TI0N    POWER 

Central  station  power  may  be  termed  "turbo- 
electric  power"  as  practically  all  central  stations  doing 
a  power  business  are  equipped  with  steam  turbines. 
The  rates  for  large  amounts  of  power  bring  the  cost 
per  unit  of  power  and  the  total  yearly  cost  almost 
equal  to  the  costs  in  the  varieus  designs  of  isolated 
plants,  unless  a  material  amount  of  power  can  be 
made  a  by-product  of  a  heating  system.  The  speed- 
torque  characteristics  of  central  station  power  meet 
the  requirements  of  the  productive  machines.  A  dis- 
tinctive advantage  of  central  station  power  is  that 
there  is  left  free  for  use  in  the  business  a  large 
amount  of  capital.  The  frequency  of  turn-over  and 
the  value  as  a  trading  medium  of  this  free  capital 
often  appeals  strongly  to  the  prospective  power  user. 
.An  attendant  distinctive  advantage  is  the  readiness 
with  which  motors  lend  themselves  to  the  reorganiza- 
tion of  a  mill  providing  the  process  in  the  mechanic- 
allv   driven  mill   do   not   properly   dovetail :   overtime 


FIG.   6— TEMPER.\TURE  EXTROPV   DI.\GR.^M 

Showing  economy  realized  by  the  use  of  a  bleeder  turbine 
in  connection  with  the  heating  system. 

power  costs  are  also  a  minimum.  In  some  cases,  the 
inherent  characteristics  of  the  existing  power  plant 
machinery  or  productive  conditions  may  make  im- 
practical the  use  of  low  pressure  or  bleeder  turbines. 
.•\ny  change  in  the  power  equipment  of  such  a  mill 
would  naturally  lead  to  the  use  of  central  station 
power. 
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On  this  basis  of  the  costs  in  Table  I,  central 
station  power  in  a  new  mill  will  cost  less  than  any  of 
the  isolated  plants  and  will  leave  free  for  use  as 
capital  in  the  basiness  $80  000  to  $95  000.  The  2  000 
horse-power  isolated  plant  with  combination  of  low 
pressure  turbine  and  engine  compared  with  central 
station  power  at  one  cent  per  kilowatt-hour  will  save 
approximately  $6600  per  year  for  an  investment  of 
$80000. 

ATTENDANT    CONCLUSIONS 

Power,  the  source  of  which  is  a  steam  turbine, 


transmitted  by  motors — 

I — Supplies    the    proper    speed-torque    conditions    re- 
quired by  the  productive  machines. 
2 — Costs  a  minimum  amount  per  unit  of  product. 

Compared  with  engines  and  mechanical  drive,  the 

advantages  of  turbo-electric  power  are^ 

Better  quality  of  product. 

Probable  increased  quantity  of  product. 

Less  expensive  power  per  unit  of  product. 

The  results  realized  by  mills  where  electric  power 

is  installed  have  proved  the  value  of  turbo-electric 

power. 


The  Cotton  Industry  in  California 


C.  D.  La 

THE  IMPERIAL  \'ALLEY  is  located  in  the 
southeastern  corner  of  California,  187  miles 
from  Los  Angeles  and  102  miles  from 
San  Diego.  This  valley  and  the  northern  part  of 
Mexico  adjacent  to  it  produced  approximately  9000 
bales  of  cotton  in  the  year  191 2.  and  in  1913,  20000 
bales.  On  the  basis  of  approximately  one  bale  per 
acre  it  is  estimated  that  the  1914  crop  will  be  at  least 
40000  bales. 

At  the  present  time  a  number    of    gins    are    in- 
stalled  in  the  valley  located  in  Calexico,  El   Centro, 


FIG.   I — ONK  OF  FIVE  SETS  01-    MLKKAY  GINS  OF  FOUR  ST.\NDS  E.\CH, 
.^LL    ELECTRICALLY    DRIVEN 

Imperial,  Brawley,  Holtville  and  Seeley,  where  the 
Imperial  \'alley  Oil  &  Cotton  Company  have  been 
the  pioneers  of  the  industry.  With  the  rapidly  grow- 
ing production  in  this  section,  these  gins  will  be  taxed 
to  their  full  capacity,  making  it  advisable  to  investi- 
gate present  conditions  with  a  view  to  the  maximum 
production  from  the  present  equipment  and  to  the 
establishing  of  the  best  type  of  ginning  installations 
for  the  future. 

A  typical  arrangement  of  gins  is  shown  in  Fig.  i. 
In  this  plant  a  50  horse-power,  three-phase,  60 
cycle,  2  200  volt,  850  r.p.m.  motor  is  belted  to  a  line 
l^ft,  which  in  turn  is  belted  to  the  four  stands  of 
id  the  cleaner,  blower,  air  compressor  and  con- 
The  compressor — which  is  six  by  six  in. — 
/shes  the  air  for  the  cotton  presses  which  are  lo- 


MOREE 

cated  on  a  platform  at  the  front  of  the  building. 
There  are  at  present  six  sets  of  Murray  gins  of  four 
stands  each  in  operation  in  the  valley,  all  but  one  of 
them  electrically  driven. 

An  excess  of  shafting  indicates  a  waste  of 
power;  also,  the  warm  climate,  having  a  marked 
effect  on  belts,  makes  the  present  arrangement  un- 
satisfactory as  regards  belt  adjustment.  Accordingly 
an  endeavor  has  been  made  to  develop  a  beltless 
gin,  but  the  large  amount  of  cotton  which  of  necessity 
would  ultimately  clog  up  any  gears  and  the  question- 
of  dust  makes  the  belting  of  individual  motors  to 
the  different  machines  the  simplest  and — in  "the  opinion 
of  the  writer — the  best  solution  of  the  problem.  The 
best  arrangement  up  to  the  present  therefore  calls  for 
individual  motors  driving  twin  stands  of  gins ;  one 
motor  to  each  twin  stand  and  one  motor  for  driving. 
the  brushes.  The  air  compressor,  cleaner  and  blower 
will  be  individual  drive. 

The  belting  of  individual  motors  to  the  twin 
stands  of  gins  eliminates  two  twisted  belts,  whereas- 
under  the  old  arrangement,  belt  adjustment  was  im- 
possible. Further,  by  means  of  this  change,  the 
overall  length  of  the  building  which  houses  the  gins 
may  be  reduced  approximately  twenty  feet,  eliminat- 
ing the  space  for  the  large  motor  and  switching  de- 
vices, the  smaller  motors  all  being  suspended  from, 
the  ceiling  or  arranged  for  wall  mounting.  A  consid- 
erable saving  over  the  former  power  requirements 
may  be  anticipated  due  to  the  elimination  of  twisted; 
belts  and  practically  all  of  the  line  shafting. 

The  amount  of  power  required  to  gin  a  bale  of 
cotton  has  been  estimated  at  19.2  kw-hr.  The  cotton- 
ginning  record  for  November  1913,  however,  shows- 
3  704  bales  ginned  with  an  average  consumption  of 
electricity  per  bale  of  16.5  kw-hr.  The  power  for 
these  gins  comes  from  the  lines  of  the  Holton  Power 
Company,  who  have  a  network  of  lines,  covering 
practically  all  of  the  valley  that  is  settled.  Distribu- 
tion of  power  is  at  15000  volts,  three  phase,  6o- 
cycles,  the  50  horse-power  motors  in  the  gins  all  being 
2  200  volt  machines.  The  cotton  seed  is  taken  care  of 
by  means  of  an  80-ton  mill  at  El  Centro  and  a  60-toni 
mill  now  under  construction  at  Calexico. 


The  Engineering  Evolution  of  Electrical 

Apparatus-VI 

THE  EVOLUTION  OF  THE  POLYPHASE  INDUCTION  MOTOR  (Cont.) 

R.  S.  Feicht, 

Manager  of  Engineering, 

Westinghouse  Electric  &  Mfg.  Company 


WOUND  COIL  ROTORS 

THE  NEXT  step  by  the  \\'estinghouse  Company 
toward  providing  an  induction  motor  for  other 
than  constant  speed  service  was  made  when  the 
coi'  wound  rotor  with  collector  rings,  external  resistors 
and  controller  was  introduced  in  America  about  the 
year  1900,  although  this  type  had  been  used  quite  ex- 
tensively in  Europe  several  years  before.  The  motor 
developed  by  the  ^^'estinghouse  Company  was  later 
known  as  the  type  "F,"  Figs.  13  and  14,  and  con- 
sisted of  a  standard  type  "C"  primary  with  special 
coil  wound  rotor.  The  rotor  punchings  were  of  the 
partially  closed  slot  type ;  the  winding  was  of  the  bar 
and  end-connector  or  wire-wound  coil  type,  forming 
a  close  coil  arrangement,  tapped  at  three  points   120 


FIG.    13 — TVPF.  F  POLVPHASF.   INDUCTION    MOTOK — PERIOD 
I9OI    TO    1906 

Made  on  type  C  frame  and  having  all  parts,  excepting 
rotor  and  one  end  bracket,  interchangeable  with  the  corre- 
sponding parts  of  type  C  motor. 

degrees  apart  for  delta  connection  or  opened  at  six 
points  60  degrees  apart  and  cross-connected  to  form 
a  star  winding.  External  resistors  and  controller 
were  provided  to  permit  variation  of  the  resistance 
in  the  rotor  circuit,  such  variation  in  resistance  caus- 
ing the  speed  to  change  from  zero  to  maximum. 
With  such  a  motor,  many  applications  for  which  the 
type  "C"  motor  was  unsuited  were  satisfactorily 
covered,  such  as  hoist,  crane  and  elevator  service. 

An  interesting  application  of  the  wound  sec- 
ondary type  of  polyphase  induction  motor  was  made 
in  1902  by  the  Westinghouse  Company  for  the  Miami 
&  Erie  Canal  Transportation  Company,  in  connection 
with  four  locomotives  for  use  in  towing  canal  boats. 


Each  locomotive  weighed  twenty  tons  and  was  equip- 
ped with  two  80  horse-power,  three-phase,  25  cycle, 
200  volt,  four-pole  induction  motors,  with  wound 
rotors  of  the  same  phase  and  voltage  as  the  primaries. 
The  control  was  arranged  for  normal  operation  of  the 
locomotive  under  load  at  half  maximum  speed,  witf* 
the  two  motors  connected  in  cascade  and  developing: 
80  horse-power  total.  It  was  also  arranged  for  the 
operation  of  a  single  motor  at  full  speed  driving  the 
locomotive  without  load.  These  locomotives  met  their 
specifications  satisfactorily,  but  were  not  used  except- 
ing in  an  experimental  way  because  the  boat  propul- 


FIG.    14 — DETAU^  OF  A  TYPE   F   WOUND-ROTOR   POLYPHASfc 
INDUCTION   MOTOR 

The  wound  primary  and  one  end  bracket  are  the  same  as 
for  corresponding  size  of  type  C  motor. 

sion  system,  as  a  whole,  proved  a  failure.  It  was  the 
intention  to  use  them  to  tow  fleets  of  six  or  seven 
boats  in  the  Miami  &  Erie  Canal  at  a  speed  of  ap- 
proximately three  miles  an  hour,  but  it  was  found  or» 
that  trial  that,  due  to  the  narrowness  of  the  canal,  the 
boats  of  the  fleet  banked  up  the  water  ahead  of  them 
to  such  an  extent  that  the  level  of  the  canal  was  low- 
ered successively  by  each  boat  in  the  series  until  the 
last  one  in  the  fleet  practically  ran  aground. 

This  was  the  earliest  commercial  application  by 
the  Westinghouse  Company  of  the  polyphase  wound 
rotor  induction  motor  for  traction  purposes.  A  num- 
ber of  applications  have  since  been  made  in  connection 
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with  mining  and  other  small  locomotives.  The  most 
interesting  one  by  far  will  be  the  locomotives  that  are 
now  being  built  by  the  Westinghouse  Company  for  the 
Norfolk  &  Western  Railway  Company.  This  equip- 
ment will  consist  of  twelve  270  ton  locomotives,  each 
made  up  of  two  half  units;  each  half  unit  will  be 
driven  by  four  three-phase  induction  motors  of  the 
wound  rotor  type.     The  primaries  and  secondaries  of 


riG.    15 — TYPE    CCL    POLYPHASE    INDUCTION     MOTOR — PERIOD 
1905   TO  DATE 

the  motors  will  be  of  the  two-speed  type  and  provided 
with  single  windings  adapted  for  connecting  either  for 
four  or  eight  poles.  On  the  slow  speed  connection 
each  locomotive  will  have  a  continuous  capacity  of 
2  640  horse-power,  at  a  speed  of  14  miles  per  hour, 
and  on  the  high  speed  connection  a  continuous  capacity 
of  3  000  horse-power  at  28  miles  per  hour.  They  will 
be  operated  from  an  1 1  000  volt  single-phase  trolley 
circuit  through  step-down  transformers  and  phase 
converters  which  supply  the  motors  with  low  voltage 
polyphase  current. 

A  short  time  after  the  introduction  of  the  type 
"F"  motor  for  varying  speed  service,  a  demand  arose 
for  a  constant  speed  motor  which  could  be  started 
under  load  without  undue  disturbance  to  lighting  cir- 
cuits from  which  it  might  be  operated.  The  type  "C" 
motor  was  designed  to  give  a  starting  torque  equiv- 
alent to  full  load  with  current  in  the  line  approximately 
two  and  one-half  times  full  load  current,  or  other 
starting  torques  up  to  maximum  starting  torque  with 
a  proportional  starting  current  in  the  line  and  at  a 
power-factor  of  approximately  60  percent.  In  some 
cases,  where  the  regulation  of  the  generators  or  line 
was  poor,  this  performance  was  very  unsatisfactory 
and  some  provision  had  to  be  made  for  overcoming 
it.  This  was  accomplished  by  the  use  of  the  type  "F" 
motor  provided  with  a  special  self-contained  starting 
resistance  and  controller.  With  such  a  combination, 
the  motor  could  be  started  up  under  any  torque  up 
to  maximum  without  exceeding  the  line  current  which 
would  be  required  when  the  motor  was  operating  at 
speed  and  developing  the  same  torque. 

In  the  foregoing  we  have  traced  the  development 

polyphase  induction  motor  by  the  Westinghouse 

Cny  through  the  period  covered  by  the  life  of 

Tesla  patents,  which  expired  May  i,  1905.    It  was 


recognized  that  on  the  expiration  of  these  patents  the 
field  would  be  thrown  open  to  other  manufacturers  and 
sharp  competition  with  motors  having  more  limited 
characteristics  than  the  type  "C"  motor  would  result. 
Accordingly,  steps  were  taken  to  prepare  for  this  com- 
petition when  it  should  be  met.  During  the  latter 
part  of  this  period  the  production  of  the  polyphase 
induction  motor  by  the  Westinghouse  Company  had 
been  confined  to  the  type  "C"  motor  and  its  variations. 
This  motor  was  in  reality  a  pioneering  piece  of  appa- 
ratus. It  represented  the  highest  development  of  the 
art  for  its  time,  and  was  admirably  adapted  for  the 
im[)ortant  duties  it  had  to  perform  in  educating  the 
public  in  the  application  and  the  use  of  a  new  class 
of  apparatus.  Its  sturdy  mechanical  constructioH, 
large  overload  capacity  and  unsaturated  magnetic  cir- 
cuits gave  it  the  large  factors  of  safety  necessary  to 
withstand  the  abuse  it  was  subjected  to  in  its  early 
applications.  The  direct-current  motor  had  its  com- 
mutator and  brushes  to  give  the  distress  signal  when 
it  was  misused,  but  the  type  "C"  motor,  free  from 
commutators,  collectors  and  brushes,  had  nothing  to 
indicate  its  abuse  unless  it  were  overloaded  to  the  point 
of  blowing  the  fuses  or  opening  the  circuit  breakers, 
or  causing  its  windings  to  smoke  from  excessive  heat- 
ing. Many  were  the  cases  where  these  motors  had 
been  installed  on  circuits  having  double  the  voltage 
for  which  the  motor  was  wound.  Often  they  gave  no 
direct  indication  of  trouble  under  these  conditions  and 
the  error  was  discovered  only  after  an  investigation 
was  made  following  a  complaint  that  the  motor  had  a 
very  low  power- factor.  In  other  instances,  the  motors 
have  been  found  operating  for  a  long  period  under 
load  connected  to  circuits  of  half  normal  voltage  and 
with  no  signs  of  distress  excepting  the  temperature 
of  the  windings  running  above  normal.  Judging  from 
the  reports  received  from  numerous  installations  of 
these  motors,  it  is  quite  probable  that  a  considerable 
percentage  of  them  were  operated  under  excessive 
continuous  overloads.  In  the  writer's  knowledge  a 
number  of  them  have  actually  carried  double  load  con- 
tinuously without  difficulty.     These  conditions  usually 


FIG.    16 — SECONDARY    OF    TYPE    CCL    POLYPHASE    INDUCTION    MOTOR 

were  not  discovered  until  the  facts  were  developed  by 
applying  to  the  same  service  motors  of  later  design, 
more  closely  rated — that  is,  motors  whose  actual  rat- 
ing corresponded  more  nearly  to  the  name  plate  mark- 
ing. 

In  addition  to  the  continuous  overload  capacity, 
the  type  "C"  motor  also  had  an  intermittent  capacity 
greater  than  later  motors.     This  was  due  to  the  fact 
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that  it  had  comparatively  massive  magnetic  cores  and 
frames  with  large  heat  storage  capacity.  It  is  this 
characteristic  of  the  motor  that  later  designs  could 
not  well  duplicate  as  it  depended  entirely  upon  the 
mass  of  material  in  the  motor.     It  is  obvious  that  a 


FIG.    17 — WOUND    PRIMARY    OF    TYPE    CCL    POLYPHASE 
INDUCTION    MOTOR 

Showing  partially  closed  slots  and  "dropped-in"  tj'pe  of 
windings. 

motor  with  such  large  overload  factors  and  represent- 
ing the  first  design  of  its  type,  would  not  necessarily 
be  the  cheapest  and  best  design  possible  and  the  one 
best  suited  to  meet  keen  competition. 

During  the  latter  years  of  the  period  covered  by 
the  Tesla  patents  a  demand  had  arisen  for  a  motor 
with  higher  power-factor  and  efficiency  than  the  t)'pe 
"C,"  and  one  which  would  cost  materially  less.  In 
order  to  meet  this  demand  and  provide  for  the  in- 
creased competition,  the  engineers  of  the  Company, 
profiting  by  the  experience  gained  from  previous  de- 
signs, both  here  and  abroad,  developed  the  type  "CCL" 
motor.  This  new  motor,  while  it  involved  no  funda- 
mental diiterences  in  principle,  was,  at  the  same  time, 
quite  different  in  both  mechanical  and  electrical  de- 
sign from  the  type  "C"  motor,  although  the  weight 
of  the  motor  was  from  40  to  50  percent  less.  The 
general  appearance  of  the  "CCL"  motor  is  shown  in 
Fig.  15.  The  principal  physical  features  in  which  the 
two  motors  differed  are  as  follows : — 

The  primary  frame  and  brackets  were  lighter  in 
construction  and  better  adapted  than  the  type  "C"  for 
thorough  ventilation  of  the  windings.  The  magnetic 
core  of  the  motor  was  narrower.  The  distance  be- 
tween bearings  was  much  shorter.  This  latter  feature, 
in  connection  with  the  lesser  weight  and  flywheel  ef- 
fect of  the  rotor,  added  materially  to  the  factor  of 
safety  of  the  shaft  which  was  maintained  at  approxi- 
mately the  same  diameter  as  the  type  "C"  for  a  given 
rating.  The  secondary  windings  through  the  core 
were  made  up  of  a  larger  number  of  bars  and  of 
smaller  cross-section  than  were  used  in  the  type  "C" 
construction.  Fig.  16.  The  punchings  of  the  primary 
core  for  'ow  voltage  motors  were  of  the  partially 
closed  slot  type,  which  was  a  radical  departure  from 


previous  designs.  Fig.  17.  The  windings  for  low  volt- 
age motors  up  to  about  75  horse-power  were  of  the 
so-called  "dropped-in'  type ;  that  is,  the  coils  were 
wound  on  a  form,  but  not  completely  insulated.  The 
partially  closed  slots  were  insulated  with  a  fibre  cell 
open  at  the  top.  Through  this  opening  the  individual 
turns  of  the  winding  were  threaded  into  the  slot  which 
was  afterwards  sealed  over.  The  ends  of  the  coils 
outside  of  the  core  were  then  insulated  so  that  the 
resulting  winding  corresponded  in  effect  to  one  formed 
of  completely  insulated  coils  with  open  slots.  Above 
75  horse-power  the  low  voltage  windings  were  in  gen- 
eral, either  of  the  bar  and  end-connector  or  the  strap 
type.  In  the  latter  case,  the  partially  closed  slot  had 
the  tooth  tip  projected  from  one  side  only,  thus 
permitting  the  conductors  to  be  dropped  into  the  slot 
the  same  as  in  the  wire-wound  type.  As  a  rule,  the 
high  voltage  windings  were  placed  in  open  slots,  al- 
though in  the  largest  sizes  the  partially  closed  slot 
was  at  times  used.  In  such  cases,  however,  each  coil 
was  completely  insulated  over  the  straight  portions 
and  one  end  and  then  split  at  the  other  end  and 
straightened  out;  afterwards  it  was  shoved  through 
the  slots  and  the  open  end  re-connected  and  insulated. 
The  par'aally  closed  slot  construction  was  adopted 
for  the  low  voltage  "CCL"  -.nctor.':,  because  it  had  been 
used  successf''lly  in  England  and  on  the  Continent. 
Th'-  F'lropen."  Westinghouse  Companies  had  found  it 
impossible  to  introduce  the  type  "C"  design  in  com- 
petition with  the  partially  closed  slot  construction  and, 
therefore,  had  abandoned  it  in  favor  of  the  latter.  The 
advantage  of  this  construction  is  that  by  its  use  a 
motor  with  better  performance,  lighter  weight  and 
lower  cost  could  be  built,  than  by  using  open  slot 
construction.  Other  conditions  being  the  same,  the 
partially  closed  slot  tends  to  improve  the  efficiency  of 
an  induction  motor  by  decreasing  the  losses  in  the  sur- 
face of  the  secondan,-  core  caused  by  the  high   fre- 


FIG.     18— TYPE    HF    WOUNT)    ROTOR    POL^THASE    IKDUCTION    MOTOK, 
MAKE  ON  TYPE  CCL  FRAME — PERIOD   I906  TO  DATE 

quency  flux  passing  into  it  from  the  primar}'  teeth.  It 
also  decreases  the  effective  air-gap  and,  further,  per- 
mits a  reduction  in  the  actual  air-gap.  both  of  which 
tend  toward  producing  higher  power- factors.  In  the 
case  of  the  "CCL"  motor,  the  smaller  clearance  be- 
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tvveen  the  primary  and  secondary  was  justified  from 
a  mechanical  standpoint  by  the  increased  rigidity  of 
the  rotor  construction  due  to  the  short  bearing  centers 
and  heavy  shaft  noted  above. 

The  type  "CCL"  induction  motor  was  designed 
as  a  general  purpose  motor,  the  same  as  the  standard 


FIG.    19 — .\    3  200    HORSE-POWER    WOUND-ROTOR    INDUCTION    MOTOR 

For  operation  of  14  inch  merchant  mill  at  the  plant  of  the  Indiana 
Steel  Companj-.    Note  stator  is  slid  aside  for  access  to  rotor. 

A  notable  feature  of  this  rotor  construction  is  the  sectional  banding 
plates  which  permit  removal  of  parts  of  the  winding  without  disturbing 
the  band,  excepting  over  the  coils  affected. 

lines  of  direct-current  motors.   In  its  application  some 
services  were  encountered  for  which  it  was  unsuited. 
and   which,   therefore,    required   a   specially   designed 
motor.     A  similar  condition  had  been  met  in  the  ap- 
plication of  direct-current  motors  to  street  railways, 
steel,   cement   mill   and   other   service   where   it   had 
been     found     necessary     to    develop     special     types 
on  account  of  the  severity  of  the  service 
and  the  requirement  that  the  motors  oper- 
ate practically  continuously  and  be  easy 
to  repair  in  case  of  break  down. 

The    rapid    growth    in    the    applica- 
tion    of     special     induction     motors     in 
steel    mills    from    the    time    they    were 
first    introduced,    illustrates    in    a    strik- 
ing  manner    the     superiority     of    alter- 
nating-current motors    for    this    class  of 
service.     The  present  overwhelming  pre- 
ponderance  of   induction   motor  as   com- 
pared with   direct-current  motor  applica- 
tions in  steel  mills  is  a  direct  result  of 
the  survival  of  the  fittest  system.     Prev- 
ious to  1904,  practically  all    electric  motors 
in  steel  mills  were  of  the   direct-current 
type,    the    reason    being    that    under    the 
conditions  prevailing  at  that  time  the  direct-current 
ipr  was  the  best  for  the  service.   Electrification  of 
lis  was  in  its  infancy  and  electric  motors  were, 
/al,  used  only  for  the  minor  applications,  such 
cranes,  hoists,  fans,  roll-tables,  etc.    For  this 


service  the  direct-current  motor  was  better  adapted 
on  account  of  its  being  more  flexible  in  its  applica- 
tion :  further,  it  had  been  in  the  market  longer  than 
the  induction  motor  and  had  been  used  successfully 
in  street  railway  service,  so  that  it  was  in  no  sense 
an  experimental  heavy  duty  machine.  As  a  matter 
of  fact,  many  of  the  early  direct-current 
steel  mill  motors  installed  were  standard 
railway  motors,  provided  with  bases  or 
feet. 

After  the  minor  electrical  applications 
had  passed  the  experimental  stage,  and  the 
economies  of  the  electric  drive  were  thor- 
oughly   appreciated,  steel    mill    engineers 
turned  their  attention  to  the  larger  prob- 
lems involved  in  main  roll  electrifications 
and  some  very  creditable  installations  of 
direct-current  motors  resulted.    An  exam- 
ple of  such  an  installation  made  in  1905 
by    the    W'estinghouse    Company  may  be 
seen  at  the  Edgar  Thompson  Steel  Works 
where  two    i  500    horse-power,  220    volt 
direct-current  motors  are  used  for  driv- 
ing light  rail  mills.     The  success  of  these 
installations   pointed  to   the   further  pos- 
sibilities of  economies  in  electrification  of 
the    larger    mills,    such    as    were    being 
driven    by    steam    engines    of    capacities 
varying  from  2  000  to  6  000  horse-power. 
It     was     recognized,     however,     that     the      direct- 
current     motor     could     not     be     used    economically 
for     this     service     on     account     of     the     expense 
involved      in      generating,      transmitting,      switching 
and   utilizing  the   heavy   low   voltage   direct   currents 
required.    The  polyphase  induction  motor  offered  the 
solution  for  the  problem  and  was  accordingly  adopted. 


FIG.  20 — A  650  HORSE-POWER   HF  WOUND  ROTOR  INDUCTION   MOTOR 

For  operation  of  finishing  stand  of  14  inch  merchant  mill  at  the  plant 
of  the  Indiana  Steel  Company. 

first  in  some  of  the  smaller  mills,  and  later  in  the 
larger  ones.  In  these  applications  special  motors  of 
the  wound  rotor  type  were  used,  varying  in  size  from 
500  up  to  6  000  horse-power.  One  of  the  first  instal- 
lations of  this  kind  was  made  in  1906  by  the  West- 


THE  ELECTRIC  JOURNAL 


441 


inghouse  Company  for  the  operation  of  a  re-rolling 
rail  mill  in  the  plant  of  the  Illinois  Steel  Company. 
It  consisted  of  two  sets  of  wound  rotor  motors  of 
I  800  horse-power  capacity  each,  adapted  for  opera- 
tion  from  83  to    125   r.  p.  m.,   the  higher  speed   be- 


FIG.   21 — TYPE    MS    POLYPHASE    INDUCTION    MOTOR   FOR    HEAVY 
DUTY    SERVICE — PERIOD    IQOQ   TO    DATE 

iiig  obtained  with  a  single  motor  in  opera- 
tion, and  the  lower  speed  with  the  two  motors 
ci-innccted  in  tandem.  In  later  applications  of 
induction  motors  to  rolling  mill  operation  where 
single  speed  motors  were  not  satisfactory  multi- 
speed  motors  were  used  with  the  primary  and 
secondary  windings  arranged  for  diti'erent  numbers  of 
poles.  A  number  of  such  installations  were  made,  a 
typical  one  being  the  2  500  horse-power,  25  cycle,  two- 
speed,  6  600  volt,  32  and  26  pole  motor  put  in  service 
in  1910  at  the  plant  of  the  Indiana  Steel  Company  for 
the  operation  of  a  12-inch  merchant  mill. 

The  most  common  construction  for  the  large  steel 
mill  induction  motor  is  one  with  a  wound  rotor,  but 
arranged  for  single  speed,  Figs.  19  and  20.  These 
motors  are  applied  usually  with  flywheels.  The  wound 
rotor  construction  is  adopted  both  to  provide  for  easy 
starting  conditions  and  also  to  permit  the  use  of  ex- 
ternal resistance  in  the  rotor  circuits,  so  that  the 
energy  stored  in  the  flywheels  may  be  utilized  to  assist 
the  iiKiti>r  in  caiTving  peak  loads. 


FIG.    22 — PARTIAL    VIEW    OF    SECONDARY    OF    TYPE    MS    MOTOR, 
SHOWING    CONSTRUCTION    OF    WINDING 

The  introduction  of  large  induction  motors  into 
steel  mills  necessitated  the  use  of  alternating- 
current  plants  and  distributing  systems  in  addition  to 
the  direct-current  systems  which  were  required  for 
the     direct-current     motors     in     the     minor    applica- 


tions. The  disadvantages  of  these  mixed  distributing 
systems  in  the  mills  directed  the  attention  of  steel  mill 
engineers  to  the  polyphase  induction  motor  for  the 
smaller  applications  where  direct-current  motors  for- 
merly had  been  used  e.\clusively.  As  a  result,  a  de- 
mand was  created  for  an  induction  motor  which  would 
give  the  the  same  class  of  service  as  the  special  direct- 
current  motor.  Thus  the  polyphase  induction  motor 
which  had  entered  the  steel  mill  field  in  only  a  small 
way  previous  to  1903  or  1904,  and  against  a  powerful 
competitor,  the  direct-current  motor,  had  in  the 
course  of  five  or  six  years  made  rapid  progress  to- 
ward supiilanting  its  rival  almost  completely. 

In  order  to  meet  the  demand  for  a  special  mill 
motor  a  new  design,  later  known  as  the  type  "MS," 
Fig.  21,  was  developed  by  the  Westinghouse  Com- 
pany and  placed  on  the  market  early  in  1909.  This 
motor  was  in  general  similar  to  the  type  "C  motor 
and  although  it  weighed  considerably  less,  it  was  bet- 
ter adapted  than  the  type  "C"  for  mill  service.  The 
characteristic  features  of  its  construction  were  the 
massive  well-ventilated  frame,  the  rugged  split 
brackets  and  bearings,  both  being  interchangeable  end 


FIG.   23 — TYPE    MVV    WOUND-ROTOR   POLYPHASE   INDUCTION 
MOTOR — PERIOD    igiO   TO    DATE 

Made  on  type  MS  frame  and  having  many  parts  inter- 
changeable with  corresponding  type  MS  motor.     . 

for  end,  the  heavy  shaft,  the  open  slot  primary  with 
coils  completely  insulated  before  assembling,  and  the 
special  secondary  resistance  rings,  Fig.  22,  designed 
with  liberal  radiating  surface  and  bolted  to  both  bars 
and  rotor  spider  so  as  to  withstand  the  shocks  inci- 
dent to  severe  mill  service.  Since  its  introduction  the 
type  "MS"  motor  has  been  used  very  extensively  for 
constant  speed  service  in  steel  mills,  cement  plants, 
brickmaking  plants  and  many  other  industries  requir- 
ing motors  of  extra  rugged  construction.  This  motor, 
however,  was  not  adapted  for  all  of  the  applications 
in  heavy  mill  service  as  there  were  many  cases  where 
a  varA'ing  speed  or  reversing  motor  was  required.  To 
fulfill  this  requirement  the  Westinghouse  Company 
placed  upon  the  market,  in  1910,  a  line  of  %vound  rotor 
motors  later  known  as  the  type  "M\V,"  Fig.  23.  This 
line  was  made  with  similar  parts,  interchangeable  with 
the  "MS"  motor,  a  matter  of  considerable  importance 
where  both  types  of  motor  are  used  in  the  same  plant. 
About  two  years  ago,  at  the  suggestion  of  promi- 
nent steel  mill  engineers,  the  Westinghouse  Company 
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brought  out  another  line  of  wound  secondary  motors, 
with  mechanical  characteristics  similar  to  the  direct- 
current  mill  motor,  because  this  particular  mechanical 
design  had  proven  very  satisfactory  in  mill  service, 
and  also  because  it  was  desired  to  have  a  motor  that 


FIG.    2A — TYPE    MA    POLYPHASE    INDUCTION    MOTOR 

Showing  the  frame  opened  and  primary  and  secondary 
being  removed.  Note  the  construction  of  the  primary  ring 
which  is  similar  to  the  ring  used  with  large  type  "C"  motors, 
such  as  shown  in  Fig,  ii. 

could  be  readily  substituted  for  the  direct-current  mill 
motors  on  roll-tables,  cranes,  etc.  This  motor,  known 
as  the  type  "MA,"  Fig.  24,  shows  a  striking  resem- 
blance to  the  well-known  direct-current  mill  motor. 
The  application  of  this  motor  to  date  has  not  been  as 
general  as  was  anticipated,  but  there  is  every  reason 
for  believing  that  it  has  an  important  place  to  fill  and 
will  be  used  extensively  in  the  near  future. 

The  more  recent  developments  in  polyphase  in- 
duction motors  for  general  service  conditions  have 
been  in  the  nature  of  refinements  in  design,  looking  to- 


25 — TYPE    CS    POLYPHASE    INDUCTION     MOTOR     WITH    ROLLED 
STEEL  FRAME 

The   feet  and  slide   rails  are  made  of  pressed  steel. 

,^-ard  reduction  in  manufacturing  costs  and  improve- 

Its  in    electrical    and    mechanical    characteristics. 

Resign  of  the  "CCL"  motor  in  1904  and  1905. 

jrtant  advances  were  made  in  the  art,  and 

of  mechanical  features  were  perfected  that 


looked  quite  promising ;  for  example,  the  pressed  steef 
construction  for  bearing  brackets,  feet  of  primary 
frame  and  rails ;  the  rolled  steel  construction  for 
frames ;  the  f rameless  construction ;  the  magnetic 
wedge ;  the  cast-on  secondary  end  ring,  etc. 

The  type  "CCL"  motor,  although  it  served 
exceptionally  well  the  purpose  for  which  it  was  de- 
signed, was  the  subject  of  some  criticism  when  first 
introduced  on  account  of  the  use  of  the  partially  closed 
primary  slot  construction  with  dropped-in  type  of 
winding.  This  construction  had  been  used  success- 
fully abroad  for  a  number  of  years  previous  to  its  in- 
troduction in  this  country  and  no  doubt  the  reason 
for  its  not  meeting  with  unqualified  approval  here  at 
first,  was  the  fact  that  it  involved  novel  winding  fea- 
tures which  were  not  thoroughly  understood  by  the 
user.  However,  the  advantages  of  this  construction 
far  outnumbered  its  disadvantages,  considering  the 
state  of  the  art  at  that  time,  although  improvements 
made  since  then  permit  the  use  of  the  open  slot  con- 
struction with  completely  insulated  coils  in  all  but  the 
smaller  sizes  of  motors,  below  about  five  horse-power, 
where  its  use  is  still  almost  universal.    It  is  of  interest 


FIG.  26 — TYPE  CS  POLYPHASE  INDUCTION  MOTOR  OF  THE 
FRAMELESS   CONSTRUCTION 

This  motor  has  end  rings,  brackets,  feet  and  rails  made 
of  pressed  steel. 

to  note  here  that  the  criticism  of  the  "CCL"  partially 
closed  slot  construction  was  short-lived  and  the  motor 
has  been  manufactured  by  the  W'estinghouse 
Company  in  larger  quantities  than  any  previous  de- 
sign and  is,  after  ten  years,  still  on  the  market. 
The  rapid  growth  in  the  application  of  the  poly- 
phase induction  motor,  and  the  consequent  increase  in 
the  volume  of  motors  manufactured  during  the  period 
covered  by  the  "CCL"  type  suggested  to  the  designer 
the  feasibility  of  a  less  expensive  and,  at  the  same 
time,  better  mechanical  construction,  permissible  only 
where  large  manufacturing  quantities  justified  the  ex- 
pense of  special  tool  equipment.  With  the  foregoing 
conditions  in  mind,  the  designing  engineers  set  about 
to  produce  a  polyphase  induction  motor  which  should 
take  advantage  of  all  the  improvements  in  the  art. 
The  result  was  the  design  of  the  type  "CS"  motor 
shown  in  Figs.  25  and  26.  In  the  smaller  sizes  up  to 
about  five  horse-power  capacity,  this  motor  is  of  the 
frameless  construction,  Fig.  26,  with  partially  closed 
priman,-  slots  and  dropped-in  type  of  priman,-  winding. 
The  primary  core  is  riveted  between  heavy  pressed 
steel  end  rings  to  which  are  also  riveted  a  pressed  steel 
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foot.  The  brackets  are  also  of  the  pressed  steel  con- 
struction. The  primary  punchings  are  polygonal  in 
shape  and  are  assembled  with  sections  of  the  lamina- 
tions staggered  to  increase  the  radiating  surface. 

In  sizes  above  five  horse-power  and  including 
about  20  horse-power  standard  speed,  the  frameless 
construction  is  also  used.  The  primary  core,  however, 
is  of  the  open  slot  type  of  construction  with  completely 
insulated  form-wound  coils.  Instead  of  the  usual  fibre 
wedge  found  in  open  slot  machines,  a  magnetic  wedge 
is  used,  combining  the  advantages  of  both  the  open 
slot  and  partially  closed  slot  tyi)cs  of  primary.  The 
magnetic  wedge  is  a  three-piece  construction  of  drawn 
metal  parts,  Fig.  2j.  The  center  of  the  wedge  is  made 
of  a  strip  of  brass  and  is  flanked  on  each  side  by  a 
steel  strip,  the  whole  being  insulated  from  the  primary 
teeth  when  being  inserted  in  the  slot  by  means  of 
fullerboard  strips.  The  secondaries  of  the  "CS"  mo- 
tors up  to  about  20  horse-power  capacity  have  wind- 
ings similar  to  those  of  the  smaller  "CCL"  motors. 
These  windings  consist  of  the  usual  insulated  copper 
bars  on  the  ends  of  which  are  pressed  segmental  cop- 
per punchings,  the  number  of  which  can  be  varied  to 
form  resistance  rings  of  the  required  proportions. 

In  the  larger  sizes  above  20  horse-power  a  pri- 
mary frame  is  used,  Figs.  25  and  28.    This    frame    is 


producing  a  solid  construction  with  the  bars  separated 
from  the  core  with  fireproof  insulation. 

The  type  "CS"  polyphase  induction  motor,  as  it 
is  manufactured  to-day,  represents  the  highest  devel- 


FIG.  27 — SKETCH  OF  MAGNETIC  WEDGE  USED  IN  THE  PRIMARY 
SLOTS  OF  TYPE  CS  AND  THE  SECONDARY  SLOTS  OF  TYPE  MW 
POLYPHASE   INDUCTION    MOTORS 

m?.de  of  universal  plate  steel  stock  rolled  into  the  re- 
quired form.  To  this  frame  is  riveted  a  pressed  steel 
one  piece  foot.  The  brackets  are  made  of  cast  iron. 
The  primary  core  is  of  the  standard  open  slot  type 
construction.  It  is  made  up  of  laminations  punched 
from  sheet  steel  narrower  than  the  diameter  of  the 
internal  bore  of  the  frame,  thus  giving  a  lamination 
square  in  general  appearances  but  with  the  comers 
punched  round  to  lit  the  frame  bore.  This  form  of 
punching  was  adopted  on  account  of  its  being  econom- 
ical in  material.  Its  use  in  connection  with  the  rolled 
steel  frame  without  internal  ribs  to  support  the  punch- 
ings gives  a  primary  construction  of  minimum  weight. 
The  secondar}'  winding  of  the  larger  "CS"  motors 
is  quite  novel  in  construction,  as  it  is  formed  with  cop- 
per bars  with  copper  or  alloy  resistance  rings  cast  to 
them.  Fig.  29.  Instead  of  the  bars  being  insulated  from 
the  core,  with  the  usual  fullerboard  wrapper,  or  cell, 
they  are  placed  in  the  slots  which  latter  are  filled 
with  cement.  Afterwards,  the  rotor  with  bars 
cemented  in  the  slots  is  placed  in  an  oven  and  baked. 


FIG.    2S— WOUND    STATOR    OF    TYPE    CS    POLYPHASE    INDUCTION 
MOTOR 

opment  in  the  art  of  induction  motor  design,  both  from 
an  electrical  and  mechanical  standpoint.  Its  pressed 
and  rolled  steel  constructions,  its  magnetic  wedge  and 
indestructible  rotor,  place  it  in  a  class  by  itself. 

In  this  rather  limited  historical  sketch  of  the  poly- 
phase induction  motor,  the  writer  has  confined  himself 
exclusively  to  the  developments  made  by  the  Westing- 
house  Electric  &  Mfg.  Company,  the  data  not  having 
been  available  for  a  general  treatm.ent  of  the  subject 
covering  the  developments  made  by  all  manufacturers. 
In  this  county  practically  all  of  tlie  radical  develop- 
ments were  made  during  the  life  of  the  fundamental 
Tesla  patents  in  which  period  the  field  was  limited  to 


FIG.   20 — DETAILS    OF    ROTOR   OF   TYPE    CS    POLYPHASE    INDUCTION 
MOTOR 

Sliowing  cast-on  resistance  rings  and  ventilating  plate. 

licensees  under  those  patents.  Therefore,  this  history 
may  be  taken  as  fairly  representative  of  the  general 
development  of  the  polyphase  induction  motor  in  the 
United  States. 


The  Cost  of  a  Kilowatt-Hour 

Albert  F.  Strouse 

Industrial  Engineering  Company 

Pittsburgh,   Pa. 

EVERY  MANUFACTURER  is  to  some  extent  interested  in  the  subject  of  power,  and  in  many  indus- 
tries the  expense  for  pozver  forms  a  considerable  proportion  of  the  total  cost  of  production.  Yet,  until  the 
last  few  years  very  little  attention  has  been  given  to  this  subject.  The  latest,  and  probably  the  most  aggres- 
sive agitation  has  been  carried  on  by  the  central  power  stations,  who  are  regularly  making  engineering 
studies  of  power  conditions  in  various  industries.  The  chief  obstacle  to  the  central  station  is  that  the  average 
manufacturer  is  not  a  power  engineer.  For  this  reason  pozver  solicitors  are  at  times  compelled  either  to 
talk  in  generalities,  or  to  use  the  everyday  terms  that  are  familiar  to  power  men,  but  which  may  be  so 
much  "Greek"  to  the  factory  manager  zvho  has  not  made  a  study  of  the  subject  of  power.  Therefore  a 
great  deal  of  the  solicitors  sales  energy  is  ineffective,  because  it  is  not  fully  comprehended.  This  article  is 
presented  to  assist  those  who  are  not  familiar  with  power  problems  to  understand  what  elements  are  in- 
volved in  the  generation  of  electrical  energy.  The  most  frequently  used  terms  are  explained  and  illustrated 
and  foUozved  by  a  discussion  of  the  effect  of  those  items  which  are  most  important.  Inasmuch  as  this  ar- 
ticle is  ziritten  primarily  for  the  non-technical  man,  elementary  methods  are  used  to  bring  out  the  desired 
points. 


THE  FINAL  summing  up  of  the  results  of 
operation  of  any  power  plant  is  the  cost  per 
"kilowatt-hour."  This  term  is  certainly  brief 
and  looks  as  if  it  might  be  easily  understood.  But 
when  it  is  considered  that  there  are  more  than  a 
score  of  items  involved  in  power  plant  operation,  and 
that  every  one  of  these  items  is  more  or  less  variable, 
and  finally  that  each  item  has  its  individual  elYect 
upon  the  cost  of  a  kilowatt-hour,  the  term  looks  some- 
what more  formidable. 

REL.\TION    OF    HORSE-POWER  TO    KILOWATT 

The  power  capacity  of  steam  engines  and  electric 
motors  is  nearly  always  expressed  in  horse-power, 
while  the  capacity  of  electrical  generators  is  given  in 
kilowatts.  This  is  a  source  of  confusion  to  the  non- 
technical man,  which  can  be  eliminated  by  a  few  defi- 
nitions. 

The  Unit  of  Work  is  the  foot-pound,  so  called 
because  it  expresses  the  w^ork  required  to  raise  one 
pound  one  foot.  The  horse-power  is  equal  to  33  000 
foot-pounds  of  work  in  one  minute,  introducing  the 
element  of  time.  To  explain  the  significance  of  the 
term  horse-power,  assume  an  engine  with  a  10  inch 
piston  which  has  a  12  inch  stroke,  and  steam  at  100 
pounds  pressure  at  the  boiler.  The  steam  from  the 
boiler  enters  the  cylinder  at  boiler  pressure  during 
only  a  small  part  of  the  stroke,  the  rest  of  the  work 
after  the  steam  valve  closes  being  performed  by  the 
expansive  property  of  the  steam.  The  point  at  which 
the  steam  inlet  valve  closes  is  known  as  the  cut-off 
and  is  determined  by  the  valve  mechanism  and  engine 
governor.  From  this  point  the  steam  expands  and  its 
pressure  decreases  as  the  piston  moves  forward  and 
the  volume  of  space  occupied  by  the  same  weight  of 
steam  becomes  greater.  By  the  time  the  piston 
reaches  the  end  of  the  stroke,  the  pressure  has  fallen 
to  nearly  the  pressure  of  the  external  air,  or  atmos- 
pheric pressure.  Therefore  although  the  steam 
originally  entered  the  cylinder  at  100  pounds  pres- 
sure, it  has  given  up  nearly  all  this  pressure  by  doing 


work  on  the  piston.  The  average  pressure  that  has 
been  at  work  on  the  piston  is  approximately  half  of 
the  sum  of  the  initial  and  final  pressures ;  in  this  case 
say  50  pounds  per  square  inch.  This  pressure  is 
called  mean  effective  pressure.*  A  10  inch  piston  has 
an  area  of  78.54  square  inches.  Therefore  the  total 
force  exerted  on  the  piston  is  78.54  X  50  =  3927 
pounds.  The  stroke  is  12  inches  or  one  foot.  There- 
fore if  the  piston  is  moved  forward  one  stroke  with 
a  force  of  3927  pounds,  the  work  done  is  3927  foot- 
pounds. Now  if  the  engine  is  a  double  acting  engine, 
that  is,  steam  working  on  both  sides  of  the  piston, 
and  if  the  speed  is  100  revolutions  per  minute,  then 
the  piston  makes  200  working  strokes  in  one  minute. 
Since  the  stroke  is  one  foot,  the  piston  would  travel 
200  feet  in  one  minute;  therefore,  the  work  done  is 
3927  X  200  =  785  400  foot-pounds  per  minute. 
Since  one  horse-power  equals  33  000  foot  pounds  per 

785  4CH3  „    ,  , ,    ,        J 

mmute,  —  =  2^.8  horse-pow-er  would  be  de- 

'33000 

veloped  in  this  engine.  In  one  hour  23.8  horse-power- 
hours  would  be  developed.  In  a  rotating  machine, 
such  as  a  motor,  the  analysis  is  similar,  in  that  it  in- 
volves load  (pounds),  distance  (feet  measured  from 
the  axis  of  the  pulley)  and  speed  (revolutions  per 
minute.) 

In  taking  up  the  "kilowatt"  we  are  dealing  with 
an  entirely  new  term,  which  at  first  seems  to  have  no 
relation  to  anything  connected  with  horse-power.  A 
kilowatt  is  primarily  an  electrical  term,  while  a  horse- 
power is  considered  a  mechanical  term.  The  funda- 
mental electrical  unit  of  power  is  the  "watt,"  one 
thousand  of  which  make  one  kilowatt,  from  the  prefix 
"kilo"  denoting  1 000.  A  watt  (in  direct-current 
circuits)  is  the  product  of  one  volt  and  one  ampere. 

Let  us  imagine  electricity  as  an  invisible  fluid 
flowing  through  a  wire,  as  water  flows  in  a  pipe.  In 
the   latter   case   we   speak   of   pressure   and   quantity, 


*This  is  only  a  rough  and  ready  rule.  The  exact  rnean 
effective  pressure  for  the  given  cut-off  should  be  determined 
from  steam  tables,  for  any  exact  calculations. 
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and  we  know  that  a  certain  amount  of  water  flowing 
at  a  certain  velocity  and  pressure  has  a  certain  power 
capacity,  which  is  demonstrated,  for  example,  in  a 
water  wheel.  Now,  in  the  flow  of  electricity,  volts 
correspond  to  pressure  and  amperes  correspond  to 
quantity,  and  the  power  capacity  of  one  ampere  of 
current  at  one  volt  i)ressure  is  one  watt.  It  has  been 
determined  experimentally  that  one  watt  is  the  power 

equivalent    of    _         of    a    horse-power.      Therefore 
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I  000  watts  or  a  kilowatt  is  or   i.XA  tmies   a 

I  000 

horse-power.  Thus  to  convert  kilowatts  to  horse- 
power multiply  by  1.34.  and  to  convert  horse-power 
to  kilowatts  divide  by  1.34.  A  kilowatt  used  for  one 
hour  constitutes  a  '"kilowatt-hour." 

COST  OF  PRODL'CTION 

Ha\ing  a  clear  conception  of  a  kilowatt-hour,  let 
us  see  what  factors  are  involved  in  its  production  and 
cost.  In  the  first  place  we  must  picture  a  factory 
power  plant  consisting  essentially  of  boilers,  engines, 
generators  and  auxiliaries,  such  as  boiler  feed  pumps, 
feed  water  heaters,  etc.  The  cost  of  power  may  be 
separated  into  two  main  divisions,  "fixed  charges" 
and  "operating  charges,"  their  sum  making  the  "total 
operating  expense."  The  total  expense  divided  by 
the  number  of  kilowatt-hours  used,  gives  the  cost  of 
a  kilowatt-hour.  It  is  evident  that  it  is  necessary  to 
have  an  accurate  record  both  of  the  total  operating 
expense,  and  of  the  number  of  kilowatt-hours.  This 
latter  can  only  be  obtained  by  accurate  measurement 
with   suitable  integrating    or    recording    instruments. 

FIXED   CHARGES 

The  fixed  charges,  as  the  term  implies,  dififer 
from  the  operating  expenses  such  as  coal,  in  that  they 
do  not  vary  according  to  the  amount  of  power  gener- 
ated. Fixed  charges  are  the  result  of  the  money  in- 
vested in  the  power  plant  equipment  and  space  occu- 
pied, and  become  etTective  from  the  moment  the 
equipment  is  purchased.  In  order  to  buy  this  equip- 
ment, money  had  to  be  secured  from  some  source  or 
other.  From  whatever  source  obtained,  money  can- 
not be  exchanged  for  permanent  fixtures  without  in- 
curring a  loss  equal  to  its  ordinary  earning  power. 
This  amount  is  termed  interest.  If  the  rate  on  bor- 
rowed money  is  six  percent  then  this  part  of  the  fixed 
charges  is  taken  at  the  same  rate,  the  amount  depend- 
ing upon  the  value  of  the  equipment  in  question. 

Another  similar  charge  is  known  as  "fair  profit." 
This  is  the  difference  between  the  percent  of  manu- 
facturing profit  and  the  interest  rate.  This  charge  is 
based  upon  the  assumption  that  were  the  money  in- 
vested in  productive  factory  equipment,  instead  of 
being  tied  up  in  power-plant  machinery,  it  would 
earn  a  greater  profit  than  were  it  merely  invested  as 
a  reserve  fund  or  in  bona  fide  securities.     However 


this    item    is    not    commonly    used    in    determining 
power  costs. 

The  second  important  factor  in  fixed  charges  is 
"depreciation."  Ordinarily,  the  life  of  power  plant 
machinery  is  taken  at  twenty  years,  although  this  is 
somewhat  too  long,  when  efficiency  is  considered.  We 
have  seen  how  interest  must  be  paid  yearly  on  the 
equipment.  What  happens  when  it  is  no  longer 
serviceable  and  needs  to  be  replaced?  Only  one  of 
two  things  can  happen,  either  another  loan  must  be 
transacted,  thus  doubling  the  interest,  or  a  sufficient 
sum  must  be  on  hand  to  make  the  purchase.  The 
manner  in  which  this  sum  is  accumulated  forms  the 
charge  called  depreciation.  It  is  commonly  based  on 
the  assumption  that  if  a  piece  of  machinery  is  good 
for  twenty  years,  one-twentieth  of  its  service  is  used 
up  yearly,  and  hence  an  annual  sum  equal  to  one- 
twentieth  of  its  original  value  is  set  aside  as  part  of 
a  sinking  fund  so  that  when  the  equipment  is  com- 
pletely used  up,  funds  will  be  available  for  new  pur- 
chase. On  ordinary  power  plant  equipment  this 
charge  is  usually  taken  at  five  percent  of  the  valua- 
tion, but  is  subject  to  considerable  variation  according 
to  existing  conditions  for  any- particular  installation. 
A  similar  charge,  but  not  so  commonly  used  is  "ob- 
solescense." This  is  figured  along  the  same  lines  as 
depreciation  and  provides  for  the  contingency  of 
more  efficient  equipment  that  might  be  used  to  replace 
existing  equipment  even  before  it  has  performed  its 
maximum  years  of  service. 

The  third  important  item  usually  included  in  the 
fixed  charges  covers  insurance  and  taxes.  These 
items  require  no  explanation. 

In  summing  up  the  fixed  charges  we  have  as  the 
main  items,  interest,  deprecation,  insurance  and 
taxes,  obsolescense  and  fair  profit.  The  fixed  charges 
considered  as  a  lump  sum  remain  the  same  when 
taken  as  a  yearly,  monthly,  or  daily  expense,  but  this 
method  is  neither  satisfactory  nor  correct,  because  it 
prohibits  an  accurate  determination  of  the  cost  of 
power  per  kilowatt-hour.  Obviously,  a  greater  num- 
ber of  kilowatt-hours  makes  the  cost  per  unit  less  and 
vice  versa.  This  is  the  thought  that  is  expressed  by 
the  term  "load  factor." 

Load  Factor  is  a  measure  of  the  ratio  of  the 
actual  power  generated  (or  consumed)  by  an  installa- 
tion to  the  maximum  that  may  be  generated  (or  con- 
sumed.) Unfortunately,  there  are  several  interpre- 
tations of  the  term,  so  that  wherever  it  is  used,  it  be- 
comes necessary  to  explain  what  particular  meaning 
is  intended.  The  diflferences  are  caused  by  a  lack  of 
uniformity  in  choosing  the  maximum  power.  It  may 
be  taken'  as  the  full-load  rating  of  the  apparatus  times 
the  total  hours  in  a  given  period  or  times  the  actual 
operating  hours  in  a  given  period.  Also  it  may  be 
considered  as  the  maximum  demand  for  power  over 
any  given  period  and  multiplied  by  the  total  possible 
hours  or  bv  actual  running  hours  in  another  period. 
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In  order  that  the  reader  be  not  confused,  we  will  stick 
to  one  idea,  the  one  adopted  by  the  National  Electric 
Light  Association,  and  several  engineering  societies, 
viz.  the  load  factor  is  the  actual  power  consumed  per 
annum  divided  by  the  product  of  the  installed  rated 
capacity  times  8760  (hours  in  one  year.) 

Let  us  assume  an  engine-driven  generator  rated 
at  100  kilowatts.  The  rated  capacity  is  the  capacity  at 
full  load.  This  generator,  if  run  at  full  load  for  one 
hour,  would  generate  100  kilowatt-hours.  Operated 
at  50  percent  load  for  two  hours  the  power  would  re- 
main the  same.  The  load  factor  for  the  one  hour 
would  be  100  percent,  but  for  the  two  hours  would  be 
only  50  percent,  because  at  full  load  during  these  two 
hours  the  generator  was  capable  of  producing  200 
kilowatt-hours.  If  the  generator  ran  ten  hours  every 
day  for  300  days  per  year  at  full  load,  the  total  power 
generated  would  be  100  kilowatts  X  10  hours  X  300 
days  =  300000  kilowatt-hours.  But  this  machine 
may  be  considered  capable  of  running  8760  hours  in 
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FIG.     I — CUR\'E    SHOWING    THE    EFFECT    OF    LOAD    FACTOR    ON    THE 
FIXED   CHANGES   PES   KILOWATT-HOUR 

In  a  100  kilowatt  plant  costing  $10000,  with  fixed  charges 
at  12  percent. 

a  year,  under  which  conditions  the  total  power  would 

be  876  000  kilowatt-hours.      The    load    factor    when 

.    300  000 
generatmg  300000  kilowatt-hours  per  year  is  -- 

=  34.2  percent.  '' 

Taking  the  same  case  and  the  same  hours,  but 
letting  the  average  load  be  50  percent,  the  power  gen- 
erated would  be  cut  in  half  and  likewise  the  load  fac- 
tor, which  would  then  be  17. i  percent. 

Every  plant  has  its  individual  load  factor.  The 
industrial  power  plant  does  not  change  much  from 
year  to  year.  The  plant  of  the  power  company  has. 
in  most  cases,  a  gradually  increasing  load  factor,  due 
to  additional  customers  and  hence  additional  power. 
The  average  load  factors  in  various  industries 
are  pretty  well  known.  A  few  of  them  are  as  fol- 
lows : — 


Boiler    shops 10  to  20% 

Shoe    factories 151025% 

Breweries    about  45% 

Cement  plants 60  to  90% 

Coal    mines 151030% 

Cotton   mills 20tO30% 

Flour   mills 20  to  25% 


Foundries   5  to  15% 

Knitting  mills about  25% 

Machine    shops 51025% 

Clay   products 15  to  20% 

Tanneries    10  to  20% 

Textiles  (general)    about 25% 
Woodworking   5  to  30% 


These  figures  apply  broadly  to  the  industries  as 
a  class;  certain  cases  will  not  lie  within  the  given 
limits. 

It  is  frequently  necessary  to  arrive  at  a  prelimin- 
ary approximation  of  the  total  power  that  a  plant 
would  generate  or  a  factory  would  consume.  This  can 
be  done  by  figuring  the  maximum  possible  power 
from  the  rated  capacity  of  the  installation  and  multi- 
plying by  a  load  factor  selected  to  suit  the  case.  For 
instance,  in  certain  machine  shop,  the  conditions  indi- 
cate that  the  existing  load  factor  would  be  nearer  to 
the  high  than  to  the  low  limit  of  the  average  figures 
given  in  the  preceding  list.  Suppose  we  say  it  will 
be  about  20  percent  and  suppose  the  shop  power 
plant  to  have  100  kilowatts  of  rated  generating  capa- 
city. The  maximum  power  that  could  be  generated  in 
a  year  would  be  100  X  8  760  ^  876  000  kilowatt- 
hours.  Then  with  a  load  factor  of  20  percent,  the 
auctal  power  would  be  20  percent  of  876000  or 
175  200  kilowatt-hours. 

Effect  of  Load  Factor  upon  the  Fixed  Charges 
per  Kiloicatt-Hour — We  have  seen  how  money  in- 
vested in  a  power  plant  incurs  a  permanent  yearly 
expense.  This  expense  is  no  respector  of  business 
conditions.  Unlike  the  cost  of  labor,  coal,  etc.,  it  does 
not  decrease  when  the  plant  is  running  slack  or  cease 
when  the  plant  is  shut  down.  Therefore,  the  magni- 
tude of  the  fixed  charges  can  only  be  realized  when 
based  upon  the  net  power.  Again  take  the  example 
of  the  100  kilowatt  power  plant  and  let  its  original 
value  be  $10000  and  the  fixed  charges  as  follows: — 
Interest  5  percent,  depreciation  5  percent,  insurance 
and  taxes  2  percent,  total  12  percent.  The  annual 
fixed  charges  are  12  percent  of  $10000  or  $1200.  If 
this  plant  has  a  load  factor  of  100  percent,  the  total 
power  generated  would  be  876000  kilowatt-hours, 
and  the  fixed  charges  per  kilowatt-hour  would  be 
$1200 


876000 


equals  $0.00137,  but   if  the  load   factor   is 


only  25  percent,  the  fixed  charges  are  four  times  as 
great,  or  over  half  a  cent. 

The  effect  of  various  load  factors  in  the  above 
example  is  illustrated  in  Fig.  i.  The  cost  per  kilo- 
watt-hour increases  rapidly  for  load  factors  less  than 
30  percent. 

OPER.\TING    CH.\RGES 

Fuel. — The  amount  of  fuel  used  per  kilowatt- 
hour  depends  upon  two  things,  viz.,  the  amount  of 
steam  generated  per  pound  of  fuel  fired  and  the 
amount  of  steam  consumed  per  kilowatt-hour  by  the 
various  power  plant  machines.  Each  of  these  items 
is  dependent  upon  other  variables.  The  steam  pro- 
duct per  pound  of  coal  depends  upon  the  heat  value 
of  the  fuel,  the  manner  in  which  it  is  fired,  the 
quality  and  temperature  of  feed  water,  the  general 
boiler  conditions  and  the  load.  The  steam  con- 
sumed by  prime  movers  per  unit  of  delivered  power 
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depends  upon  the  efficiency  of  the  machinery,  the 
method  of  drive  between  engines  and  generators  and 
driven  machinery,  upon  the  many  details  of  trans- 
mission up  to  the  point  where  power  is  used,  ana 
lastly  upon  the  load  conditions. 

The  steam  generated  per  pound  of  coal  is  termed 
"evaporation."  The  results  of  many  evaporation  tests 
show  figures  varying  anywhere  from  less  than  four 
pounds  to  over  nine  pounds  of  water  per  pound  of 
coal.  The  greater  number  of  tests,  however,  show  re- 
sults between  six  pounds  and  eight  pounds.  We  may 
therefore  assume  seven  pounds  to  represent  the  aver- 
age conditions  in  industrial  plants. 

The  steam  consumption  of  pumps,  engines,  com- 
pressors, etc.,  depends  wholly  upon  their  individual 
design,  engines  and  engine  type  pumps  varying  from 
about  20  pounds  per  indicated  horse-power  for  high 
grade  machines  to  around  60  pounds  for  the  ordinary 
simple  types  subjected  to  the  usual  conditions  found 
in  the  average  industrial  establishments.  Direct- 
acting  steam  units,  such  as  the  ordinary  type  of 
horizontal  pumps,  which  take  steam  throughout  the 
entire   stroke    (that   is   do   not   utilize   the   expansive 

TABLE  I— CHARACTERISTIC   PERFORMANCE  OF 
SI5IPLE  SLIDE  VALVE  ENGINE 


Lbs. 
Steam  per 
iDd.  Hp-Hr. 

Lbs.         '     ^Lbs. 
Coal  per        .poal  per 
Ind.  H^-Hr.    Delivered 
Mp-Ur. 

Lbs. 
Coal  per 
Delivered 
Kw-Hr. 

FulUoad 

30 

4  3               6  34 

8.5 
11.2 
14.0 

One-half  load 

One-quarter  load. 

40 
50 

5.7               8.41 
7.1               10.47 

power  of  the  steam)  will  take  from  100  to  250 
pounds  of  steam  per  horse-power-hour.  Compress- 
ors vary  about  like  engines,  according  to  the  type  and 
class  of  service. 

Let  us  take  another  example  of  an  engine  driving 
a  100  kilowatt  generator.  Let  the  generator  have  an 
average  efficiency  of  85  percent  and  the  engine  80  per- 
cent for  all  loads.  These  are  mechanical  efficiencies 
and  express  the  relation  of  the  power  output  to  the 
power  input.  The  input  to  a  generator  having  a  100 
kw    output,    and   operating   at   85    percent    efficiency 

100 
would  be      o     ^  iiS  kw.     This  equals  the  output  of 

the  engine,  which  at  80  percent  efficiency  would  re- 

1 18 
quire  an  input  of         „         '-^7-5  l^w    or  198  indicated 
^  ^  0.80 

horse-power.  This  would  be  the  power  at  the  cylinder 
of  the  engine  as  determined  by  a  steam  engine  indi- 
cator.     The    relation    of    the    engine    input    to    the 

147.5 
generator  output  is  =  1.475.     ^^  the  engine  is 

of  the  simple,  slide  valve  type  its  steam  consumption 
per  indicated  horse-power  will  be  approximately  as 
follows : — 

Full  load,  200  hp  ==  30  pounds  of  steam. 

One-half  load,  100  hp  =  40  pounds  of  steam. 

One-quarter  load,  50  hp  =  50  pounds  of  steam. 


Also  assume  that  the  boiler  plant  is  generating 
seven  pounds  of  steam  per  pound  of  coal.  Then,  for 
instance,  at  one-quarter  load  the  coal  per  horse-power 
would  be  the  steam  per  horse-power  (50  pounds^  di- 
vided by  the  rate  of  evaporation  (7  pounds),  viz.  "* 

=  7.1  pounds.  At  half  load  the  coal  rate  would  be 
5.7  pounds  and  at  full  load  4.3  pounds  per  indicated 
horse-power.  If  these  figures  are  made  to  express 
coal  per  delivered  horse-power  we  must  multiply  by 
1.475,  and  if  we  wish  coal  per  delivered  kilowatt  we 
must  again  multiply  by  1.34  as  shown  in  Table  L 
From  the  second  and  last  columns  of  figures  in  this 
table,  the  manufacturer  who  contemplates  purchas- 
ing an  engine  will  obtain  information  which  will  be  of 
valuable  assistance  in  his  negotiations. 

It  is  important  to  note  that  these  figures  do  not 
cover  the  coal  required  for  banking  boilers  and  for 
the  steam  used  by  feed  pump  and  other  auxiliaries.  It 
is  a  great  mistake  to  figure  the  steam  per  delivered 
unit  of  power  without  considering  these  items.  Bank- 
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FIG.    2 — LO.\D    CHARACTERISTIC   OF   A    100    KILOWATT    PLANT 

Operating  3  000  hours  per  year. 

ing  alone  requires  from  5  to  20  percent  additional 
coal  over  that  actually  used  during  working  hours. 
-A.uxiliaries  take  from  i  to  10  percent,  and  frequently 
more,  of  steam,  in  addition  to  the  actual  steam  used 
in  the  engines,  compressors,  etc.  Therefore  in  an 
industrial  plant  where  it  is  necessary  to  bank  boilers 
for  about  14  hours  per  day,  there  would  be  quite  an 
increase  over  the  net  coal  and  steam  per  kilowatt- 
hour.  However,  since  these  items  are  open  to  such  a 
wide  range  of  variation,  it  would  be  useless  to  attempt 
to  compile  any  date  to  apply  in  general  to  all  cases. 

In  order  to  give  more  complete  information  re- 
garding the  variation  of  steam  and  coal  per  unit  of 
power,  attention  is  called  to  Figs.  2  and  3.  The  curves 
on  Fig.  2,  are  based  on  the  assumed  100  kilowatt 
plant  operating  normally  3  cxx)  hours  per  year,  with 
the  assumed  efficiencies,  steam  consumption,  and 
steam  generated  per  pound  of  coal.  Curve  A,  shows 
the  relation  between  load  factor  and  kilowatt-hours 
generated  per  year.  Curve  B  shows  the  pounds  of 
steam  per  indicated  horse-power  at  the  engine  at 
various  operating  loads,   the  loads  being  simply  an- 
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other  expression  of  the  power  output.  Curve  C 
shows  the  coal  consumed  per  kilowatt  hour  corres- 
ponding to  the  conditions  of  steam  per  indicated 
horse-power.  This  curve  involves  the  efficiencies  of 
the  machinery  and  coal  rate,  already  explained. 

Fig.  3  shows  the  cost  of  coal  only  per  kilowatt- 
hour  with  coal  at  different  prices  per  ton,  and  based 


r 

3J5 

iOO 

1 

^ 

X 

A 

> 

^ 

/ 

^ 

^ 

y^ 

CSS 

J^'' 

p5 

^ 

^ 

^ 

t 

2_ 
fc 

^ 

^ 

2.00 
1.75 
1.50 
1.25 
1.00 
0.75 
0.50 
0.25 

' 

5 

MS 

^ 

^ 

^■« 

. ■ 

^ 

V^ 

ji 

sS^ 

1 

-' 

■ 

2£ 

Uo 

' — 

%\. 

EEL 

on 

— 

— 

' 



3 

r 

27S 

: 

« 
1 

Taoi* 

anc 

2t)0 
Ri(owa 

1 

■.x-t 

5      j      150 

lours  per,  Ym 

r    ' 

!> 

' 

L 

FIG.    3 — COST   OF   COAL    PER    KW-HR 

At  various  loads  on  a  loo  kilowatt  plant. 

on  the  coal  consumed  per  kilowatt-hour  as  given  in 
curve  C  of  Fig.  2. 

Labor — Next  to  fuel,  the  labor  is  the  highest  ex- 
pense in  operating  costs.  Inasmuch  as  it  is  a  con- 
stant expense  it  affects  the  kilowatt-hour  cost  in  the 
same  manner  as  the  fixed  charges.  A  curve  to  show 
the  effect  of  labor  cost  upon  the  kilowatt-hour  cost 
would  be  similar  to  Fig.  i,  the  values  being  deter- 
mined by  the  proper  scale  of  ordinates. 

Miscellaneous  Expense — This  item  includes  feed 
water,  repairs,  oil,  waste,  packing,  etc.  These  ex- 
penses vary  with  the  size,  type  and  general  care  of  the 
plant. 

USE  OF  LIVE  STE.\M 

In  a  manufacturing  plant,  having  several  depart- 
ments which  not  only  require  power,  but  also  use 
steam  for  various  processes  requiring  heat,  in  addi- 
tion to  the  general  heating  required  in  cold  weather 
for  buildings,  the  cost  of  generating  live  steam  must 
be  separated  from  the  cost  of  power.  It  is  obvious 
that  to  get  the  correct  cost  of  power,  the  entire  ex- 
pense of  the  power  plant,  especially  the  boiler  plant, 
must  be  analyzed  and  proportioned  accurately.  This 
is  particularly  important  in  negotiations  between  cen- 
tral stations  and  industrial  power  users.  The  solu- 
tion of  these  points  must  come  from  actual  test. 

After  having  the  results  of  the  steam  tests,  it  is 
necessary  to  compute  first  the  total  steam  per  year, 
and  then  the  steam  used  for  various  purposes,  ex- 
pressing each  quantity  as  a  percentage  of  the  total. 
Most  important  is  the  percentage  of  steam  chargeable 
to  power.  This  does  not  always  mean  the  amount 
used  directly  by  the  engines.  In  fact  it  can  only  be 
computed  on  this  basis    when  the  exhaust   steam   is 


not  utilized.  For  example,  the  writer  was  recently 
engaged  in  making  a  power  investigation  in  one  of 
the  most  prominent  resort  hotels  in  the  country,  to 
determine  whether  it  would  be  advantageous  to  the 
hotel  company  to  discontinue  the  use  of  their  anti- 
quated plant  and  purchase  their  required  electrical 
power  from  the  local  power  company.  The  situation 
had  reached  a  point  where  it  was  necessary  to  do  this 
or  buy  new  engines  and  generators.  A  complete  test 
of  the  steam  conditions,  briefly  stated,  gave  results 
as  shown  in  Table  II.  Referring  to  item  7,  note  that 
this  live  steam  is  additional  to  the  exhaust  from  the 
engines.  Now,  if  the  engines  are  removed,  sufficient 
live  steam  will  have  to  be  used  for  heating  to  meet 
the  building  requirements.  A  test  and  general  com- 
putation determined  that  the  heating  for  an  average 
year  would  be  covered  by  13500000  pounds  of  live 
steam.  Incidentally  this  figure  is  equivalent  to  465 
pounds  of  steam  per  season  per  square  foot  of  radiat- 
ing surface.  However,  3460000  pounds  of  live 
steam  are  already  used  for  heating  buildings,  as  is 
given  in  item  7.  Therefore  the  additional  live  steam 
that  would  be  used  if  no  exhaust  were  available, 
would  be  13500000  minus  3460000  =  10  040  000 
pounds.  Therefore  the  e.xhaust  from  the  engfine 
room  is  worth  this  amount  of  live  steam.  Item  ^ 
shows  that  27  928  000  pounds  of  live  steam  were  used 
per  year  by  the  engines.  This  amount  must  be 
credited  with  10040000  pounds  of  live  steam  as  ex- 
haust equivalent,  thus  leaving  17,888000  pounds  of 
steam  actually  chargeable  to  electric  power  genera- 
tion. The  steam  plant  costs  were  figured  separately 
with  a  resultant  cost  of  25^  per  i  000  pounds  of 
steam. 

Hotels  and  public  buildings  in  general,  are  con- 
ceded to  be  the  most  difficult  problems  for  the  central 
stations,  particularly  where  the  central  station  does 
not  sell  steam.    This  instance  however,  developed  into 

TABLE  II— RESULTS  OF  TESTS  ON  A  HOTEL  PLANT 


Item 

Pounds 
steam 

Percent 

1 — Total  Der  vear 

73  650  000 

27  ifJ.s  000; 

20  714  000 
6  .^70  000 
5  256  OOOJ 
4  COO  000 
3  4(50  000; 
3  093  000, 
2  628  000 

100 

37.8 
28.2 
8.92 
7.13 
5.42 
4.70 
4.23 
3.60 

2 — Used  by  engine  driving  gener- 
ator   

3 — Miscellaneous  pumps 

4— Used  by  kitchen 

5 .—-Ammonia  comnressor 

6 — Used  by  laundry  

8  —  Bath  t^  massage  treatment  dept. 

1 

a  very  good  proposition  both  for  the  customer  and 
the  power  company.  It  is  interesting  to  know  that 
the  hotel  company  is  able  to  make  a  saving  by  buying^ 
power  at  over  two  cents  per  kilowatt-hour  and,  re- 
gardless of  a  material  saving  in  general  operating 
expense,  they  avoided  the  expenditure  of  over  $10  000 
for  new  equipment. 


Shop  Testing  of  Electrical  Apparatus — XIX 

THE  CIRCLE   DIAGRAM   FOR  SINGLE-PHASE  TRANSFORMERS 

Chas.  Fortescle 


BY  MEANS  of  the  circle  diagram  the  loci  of  the 
ends  of  the  vectors  representing  secondary 
terminal  voltages  and  currents  of  a  trans- 
former may  be  located  at  all  power-factors  and  for 
all  loads.  The  amounts  of  and  vector  relations  be- 
tween the  primary  and  secondary  e.m.f's  and  currents 
under  any  conditions  of  load  and  power-factor  may 
be  determined,  and  the  regulation  may  be  obtained 
graphically. 

\\'hen  the  primary  e.m.f.  is  fixed,  the  end  of  the 
vector  which  represents  the  secondary  e.m.f.  for  a 
given  load  current  will  have  as  a  locus,  a  circle  with 
its  center  at  the  end  of  the  vector  representing  the 
secondary  open  circuit  voltage  and  a  radius  equal  to 
the  short-circuit  impedance  voltage  for  the  given  load 


FIG.    I — DI.\CR.AM   OF  VOLTAGE  VECTORS 

current.  To  draw  the  diagram,  lay  off  OA  =  K^, 
Fig.  I  representing  the  primary  impressed  e.m.f.  re- 
versed in  time  phase,  and  divided  by  the  ratio  of 
transformation,  and  OB  =  E,,  representing  the  sec- 
ondary open-circuit  e.m.f.  in  its  proper  phase  relation. 
The  radius  of  the  circle  with  B  as  its  center  repre- 
sents the  secondary  short-circuit  impedance  of  the 
transformer  on  the  same  scale  as  OB  represents  the 
secondary  open-circuit  e.m.f.  The  construction  for 
obtaining  the  loci  of  the  secondary  terminal  voltage 
for  any  load  is  as  follows : — 

Bisect  OB  at  Os  and  draw  O2  Oj,  at  right  angles. 
The  locus  of  the  ends  of  the  vectors  representing 
voltage  at  all  loads  having  a  given  power-factor  is  a 
circle  passing  through  B  with  its  center  at  some  point 


on  the  line  0?  0<,  the  position  of  the  point  and  the 
corresponding  locus  circle  varying  with  the  value  of 
the  power-factor.  The  center  0,  for  unity  power- 
factor  is  obtained  by  making  Oi  O3  equal  to  Os  B 
multiplied  by  the  ratio  of  the  secondary  short- 
circuit  resistance  to  the  secondary  short-circuit  re- 
actance; or  this  may  be  done  graphically  by  laying 
off  BE  along  OB  and  to  the  same  scale  as  OB 
to  represent  the  reactance  drop,  and  ED  at  right 
angles  to  OB  to  represent  the  resistance  drop.  BD, 
the  vectorial  resultant  of  these  two,  is  by  definition 
the  total  impedance  drop.  Hence  D  must  fall  on  the 
locus  circle  and  accordingly  OiB  is  a  continuation  of 
the  line  BD.  The  centers  Oi  O4  etc.,  for  loads  of 
other  power-factors  are  obtained  by  making  cos  ,1^ 


FIG.  2 — DIAGR.\M  OF  CURRENT  VECTORS 

COS  a^  etc.,  equal  to  the  respective  power-factors, 
making  the  angle  lag  behind  or  lead  BOi  according 
as  the  power-factor  is  lagging  or  leading.  Or  these 
angles  may  be  laid  off  graphically  by  constructing  a 
circle  tangent  to  Oj  O3  0^  at  Os  with  center  at  B, 
and  laying  off  along  BO,,  a  distance  BL  whose  ratio 
to  the  radius  of  the  circle  BK  is  equal  to  the  power- 
factor  e.xpressed  decimally.  The  perpendicular  erected 
at  L  then  represents  the  chord  of  the  double  angle 
of  lag  and  lead  desired.  Thus  when  BL  =  90  per- 
cent of  BK,  Os  is  the  center  for  90  percent  power- 
factor  leading,  and  0«  for  90  percent  power-factor 
lagging.  The  loci  are  then  obtained  by  describing 
circles  passing  through  B  with  O,,  O.,  Os,  etc.,  as 
centers. 
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The  loci  of  the  voltage  vectors  for  dift'ereiit  load 
currents  are  concentric  circles  having  S  as  a  center 
and  radii  proportional  to  the  respective  short-circuit 
impedance  drops  at  these  loads.  The  vector  of  sec- 
ondary terminal  e.m.f.  for  any  given  value  of  load 
current  and  power-factor  of  load  is,  therefore,  the 
line  drawn  from  O  to  the  point  of  intersection  of  the 
load-current  circle  and  the  power-factor  circle.  Thus, 
the  secondary  terminal  e.m.f.  with  full  load  secondary 
current  and  90  percent  leading  power-factor  is  repre- 
sented in  time  phase  and  magnitude  by  the  vector 
drawn  from  O  to  the  point  C3,  where  the  circle  repre- 
senting 90  percent  leading  power-factor  intersects  the 
full-load  impedance  drop  circle. 

To  obtain  the  loci  of  the  ends  of  the  current  vec- 
jtors,  describe  a  circle  with  center  at  0  of  radius 
to  represent  the  effective  full-load  secondary  current 
to  any  suitable  scale.  These  curves  can  be  drawn  on 
the  same  diagram  as  the  voltage  vectors,  but  to  avoid 
confusion  the  method  of  obtaining  them  is  shown  in 
Fig.  2.  With  the  same  center  O,  draw  another  circle 
of  radius  equal  to  that  of  the  first  circle  multiplied 
by  the  ratio  of  one-half  the  secondary  open  circuit 
voltage  to  the  secondary  full-load  short-circuit  im- 
pedance volts.     Take   OB   equal   in   time   phase   and 


magnitude  to  the  secondary  open  circuit  voltage. 
Draw  0  M,  at  right  angles  to  OB  and  make  the 
angle  M,  0  M,  such  that  its  cosine  is  equal  to  the 
short-circuit  reactance  divided  by  the  short-circuit 
impedance.  Draw  a  line  Mi  Mi  Ms  tangent  to  the 
second  circle  at  the  point  M3.  This  line  is  the  locus 
of  the  centers  of  the  circles  passing  through  0  which 
are  the  loci  of  the  secondary  load  current  vectors  for 
different  power-factors.  Mi  is  the  center  for  the  circle 
passing  through  0  which  is  the  locus  for  the  cur- 
rent vectors  for  all  loads  of  unity  power-factor.  Other 
centers  are  found  by  laying  off  the  phase  angles  in 
the  same  way  as  for  the  secondary  voltage  loci.  The 
loci  for  different  values  of  secondary  load  currents 
are  circles  with  0  as  a  center  and  radii  proportional 
to  the  eff'ective  values  of  the  load  currents.  The  cur- 
rent \ector  for  any  given  value  of  load  cur- 
rent and  power-factor  of  load  is,  therefore,  the  line 
drawn  from  0  to  the  point  of  intersection  of  the  load 
current  circle  and  the  power-factor  circle.  The  ap- 
proximate primary  current  is  then  obtained  by  com- 
bining this  vector  with  the  vector  OF,  Fig.  i,  repre- 
senting the  open  circuit  current.  The  error  in  tak- 
ing the  open  circuit  exciting  current  vector  is  very 
small  and  is  about  the  same  at  all  loads. 


The  Risk  Involved  in  Directing  a  Stream  of 
Water  onto  a  High  Tension  Line 

FOREWORD — The  foUo-wing  information  on  this  subject  was  secured  in  connection  -with  our  Ques- 
tion Box  service.  The  experiments  showing  the  actual  voltage  to  ground  obtained  at  the  noazle  of  a  fire 
hose  were  made  under  the  supervision  of  the  ofhce  of  the  General  Superintendent  of  Motive  Power  of 
the  Pennsylvania  Railroad  Company  at  Altoona,  Pa.,  and  are  presented  by  permission  of  the  Pennsylvania 
Railroad.  The  tests  showing  the  resistance  to  ground  were  made  by  Messrs.  Allan  Bond  and  O.  G.  Gal- 
land  at  the  Ohio  State  University  under  the  direction  of  Professor  F.  C.  Caldwell;  the  results  of  these 
tests  were  originally  published  in  the  Sibley  Journal  of  Engineering.— (£(/.) 


EXPERIMENTS  WITH  FIRE  STREAMS 
AT  ALTOONA 

IN  ORDER  to  determine  definitely  what  hazards,  if 
any,  exist  for  firemen  when  they  are  compelled, 
in  line  of  duty,  to  play  water  from  fire  streams  on 
line  wires  at  various  potentials,  arrangements  were 
made  so  that  circuits  of  525,  2  300  and  4600  volts,  re- 
spectively, were  available.  The  525  volt  line  was  a 
direct-current  trolley  wire  connected  to  the  trolley  of 
the  Altoona  &  Logan  Vallej'  Electric  Railway  Com- 
pany. The  2  300  and  4  600  volt  lines  were  fed  from 
alternating-current  generators  at  the  Altoona  Car 
Shops.  One  side  of  each  of  these  circuits  was  thor- 
oughly grounded  and  the  fire  stream  was  played  on  the 
other  side,  which  was  suspended  in  the  air  and  thor- 
oughly insulated.  A  suitable  voltmeter  was  connected 
between  the  nozzle  and  ground  to  enable  the  differ- 
ence of  potential  between  the  nozzle  and  ground  to  be 
noted  in  each  case. 

The  results  given  in  Table  I  were  obtained  in  tests 


made  the  day  previous  to  the  general  demonstration. 
These  results  show  that  the  nozzle  may  be  handled 
without  discomfort  up  to  a  point  between  three  and 
four  feet  from  the  wire  when  those  handling  the  noz- 
zle are  standing  on  the  ground.  It  may  be  carried 
much  nearer  without  harm  but  would  probably  cause 
discomfort.  If  those  hoMing  the  nozzle  were  standing 
on  a  wooden  ladder  or  were  otherwise  insulated  from 
tlie  ground,  it  would  be  quite  safe  to  bring  the  nozzle 
to  within  a  few  inches  of  the  wire.  In  each  of  the 
tests  indicated  in  Table  I,  at  2  050  and  4  100  volts,  no 
measurable  deflection  could  be  obtained  on  the  volt- 
meter, but  upon  touching  the  nozzle  with  the  hand, 
when  standing  on  the  ground,  a  slight  effect  due  to  the 
static  electricity  was  noted. 

In  the  demonstration  held  on  the  succeeding  day, 
results  were  obtained  which  agree  with  those  shown  in 
Table  II.  In  each  case  the  nozzle  was  sufficiently  near 
the  wire  to  cause  a  solid  stream  to  play  on  the  latter. 
Just  how  far  the  results  of  a  fire  hose  test  with  salt 
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water  will  differ  from  the  above,  which  were  made 
with  fresh  water,  cannot  be  said  at  the  present  time. 
Experiments  were  also  made  with  streams  from 
hand  chemical  extinguishers,  and  it  was  found  that 
when  a  solid  stream  is  played  on  a  high  potential  wire 
it  becomes  a  source  of  danger  to  the  one  holding  the 

TABLE     I.— VOLTAGE     TO     GROUND    FROM    A    FIVE 
EIGHTS  INCH  NOZZLE. 


Voltage  on  Wire 


525 
525 
525 
525 
525 


Distance  from  Nozzle  Volts  between  Nozzle 


to  Wire 


and  Gronnd 


7  ft. 
4  ft. 
3  ft, 
2  ft. 
Oft. 


•T  in. 
9  in. 
7>^  in. 
2      in. 


2050 
2050 


6  ft.  6J2  in. 
3  ft.  b'/z  in. 


20 
38 
60 
70 
210 

Static 
Static 


4100 
4100 


6  ft. 
3  ft. 


6^  in. 
5Min. 


Static 
Static 


TABLE     IL— RESULTS     OF     DEMONSTRATION 
AT    ALTOONA. 


Size 
Nozzle 

Voltage  on 
Wire 

Distance  from          ^,^^      ^ 

Feet              Nozzle  and  Ground 

%  in. 

526 

Slight  indications  of 
3                  static  electricity 
1          to  the  hand 

lin. 

1 
Slight  indications  of 
2300                        8                  static   electricity 

to  the  hand 

1  in. 

Slight  indications  of 
4G0O                      10                  static  electricity 
[                                       to  the  hand 

extinguisher.  For  instance,  the  nozzle  of  an  extin- 
guisher was  held  at  a  distance  of  nine  inches  from 
a  grounded  2  050  volt  alternating  current  line.  The 
difiference  of  potential  between  the  nozzle  and  ground 
was  I  500  volts  when  the  extinguisher  was  insulated 
from  the  ground. 

THE  RESISTANCE  OF  A  STREAM 
OF  WATER 

These  tests  were  made  to  represent  actual  con- 
ditions as  nearly  as  possible  by  using  regular  fire  hose 
and  nozzles,  the  latter  of  the  sizes  most  used,  one  and 
one-eighth  and  one  and  one-half  inches  in  diameter, 
the  dimensions  of  the  nozzles  being  given  in  Fig.  i. 
The  water  used  was  from  the  condensing  tank  of  the 
University  power  plant.  It  had  been  softened  by  the 
use  of  soda  and  lime  and  probably  would  have  shown 
a  somewhat  lower  resistivity  than  average  city  water. 
This,  however,  as  will  appear  later,  would  not  affect 
the  more  important  deductions  made  herein. 

The  investigation  took  the  form  of  measurements 
of  the  resistance  of  the  stream  of  water  between  the 
hose  nozzle  which  was  grounded  and  a  12  foot  piece 
of  No.  6  copper  v^'ire,  strung  horizontally  ten   feet 


above  the  ground.  The  voltage  was  obtained  from  one 
terminal  of  a  250000  volt,  50  kilowatt  transformer. 
The  middle  point  of  the  high  tension  winding  was  con- 
nected through  a  low  reading  ammeter  to  earth ;  one 
terminal  was  connected  to  the  wire  while  the  other 
terminal  was  open.  The  required  value  of  the  voltage 
was  obtained  by  the  proper  excitation  of  the  primary 
and  its  value  determined  by  a  voltmeter  on  the  pri- 
mary and  the  transformation  ratio  of  the  transformer. 
\'ariation  of  the  frequency  between  60  and  45  cycles 
with  20000  volts  impressed  upon  a  six  foot  stream  of 
water  showed  that  there  was  no  appreciable  reactance. 
The  resistance  was  thus  calculated  from  the  current 
and  applied  voltage. 

The  voltage,  water  pressure  and  length  of  stream 
between  the  nozzle  and  the  wire  were  varied  and  the 
effect  of  each  upon  the  resistance  was  studied.  Varia- 
tion of  voltage  produced  no  well  defined  effect  upon 
the  resistance  within  a  range  between  5000  and  30000 
volts.  In  this  test  water  pressures  from  30  to  70 
Ijounds  were  used  and  a  stream  length  from  6  to  15 
feet. 

Increase  of  water  pressure  gave  increased  resist- 
ance. This  was  slight  for  six  and  ten  foot  stream 
lengths,  but  quite  marked  for  fifteen  feet.  It  appears 
that  with  the  higher  pressures  the  stream  is  less  solid, 
especially  at  a  greater  distance  from  the  nozzle. 

The  really  striking  and  interesting  results  obtained 
from  the  tests,  however,  came  with  the  variation  of 
length  of  stream.  The  results  with  the  one  and  one- 
eighth  inch  nozzle  are  shown  in  Figs  2  and  3  for  5  000 
and  30  000  volts,  respectively,  and  for  different  press- 
ures. With  20  000  volts  the  curves  are  practically  the 
same  as  those  shown  for  30000  volts.  Fig.  4  gives 
similar  curves  for  the  one  and  one-half  inch  nozzle. 


FIG.    I — SECTION'S    OF    Xu/ /  i  r  >    ,.,>tD    IN'    TESTS 

Showing  dimensions  and  types  of  orifices. 

In  all  these  cur\es  the  resistance  increases  gradually 
up  to  a  critical  length  which  for  the  one  and  one- 
eighth  inch  nozzle  is  about  17  feet,  and  for  the  one 
and  one-half  inch  nozzle  20  feet.  Beyond  this  point 
the  resistance  rises  suddenly  and  approaches  rapidly  to 
infinity.     This  critical  length  is  nearly  independent  of 
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the  pressure  used,  though  becoming  slightly  lower  for 
higher  pressures.  Observation  of  the  stream  of  water 
makes  the  cause  of  this  critical  length  clear.    It  is  the 
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FIG.  2 — CURVES  OF  RESISTANCE 

With  varying  stream  lengths  from  a  one  and  one-eighth 
inch  nozzle,  directed  onto  a  5  000  volt  line. 

point  where  the  stream  ceases  to  be  continuous  and 

breaks  up  into  a  mass  of  separate  water  drops. 

As  to  the  bearing  of  these  results,  it  may  be  noted 

that  a  current  of  0.02  amperes  is  quite  painful  to  most 

persons  and  that  0.05  amperes  is  at  or  beyond  the  limit 

of  endurance.     While  the  minimum   fatal  current  is 

very   uncertain,    it   is    probable    tliat    it    would   very 

seldom  be  less  than  o.i  ampere  and  usually  much  more. 

If  a  stream  length  of  fifteen  feet  and  50000  volts  are 

taken  as  an  example,  the  curves  show  that  for  a  one 

and  one-eighth  inch  nozzle  a  resistance  of  about  20000 

ohms  would  be  obtained  and  hence  a  current  of  about 
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a  one  and  one-eighth  inch  nozzle,  or  25  feet  for  a  one 
and  one-half  inch  nozzle,  the  resistance  would  be 
800000  ohms  or  more,  which  for  50000  volts  would 
give  but  0.06  amperes  or  less  which,  w^hile  painful, 
would  practically  never  be  dangerous  to  life.  In  these 
calculations  the  resistance  of  the  body,  being  only  a 
few  thousand  ohms,  has  been  neglected. 

Since  high  tension  circuits  should  always,  when 
near  buildings,  be  carried  on  poles  that  \vould  bring 
the  lines  much  more  than  25  feet  from  the  ground,  it 
would  seem  that  little  fear  of  injury  to  firemen  from 
this  source  need  be  entertained  so  long  as  the  poles 
are  of  proper  height  and  the  fireman  is  working  from 
the  ground.  If,  however,  he  is  working  from  a  metal 
ladder,  or  is  using  a  tower  which  would  bring  the  noz- 


FIG.   3 — CURVES   OF  RESISTANCE 

With  varying  stream  length  from  a  one  and  one-eighth 
inch  nozzle,  with  stream  directed  onto  a  30  000  volt  line. 

0.25  amperes.  Such  a  current  would  certainly  give  a 
severe  shock  and  in  some  cases  would  be  dangerous. 
If,  however,  a  stream  length  of  20  feet  is  assumed  for 
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FIG.  4 — RESISTANCE  CURVES 

For  various  voltages  with  a  one  and  one-half  inch  nozzle, 
and  /O  pounds  water  pressure. 

zle  into  close  proximity  to  the  wire,  a  dangerous  shock 
might  be  received  through  the  stream. 

It  may  be  asked  whether  the  fact  that  the  nozzle 
is  grounded  through  the  stream  of  water  in  the  hose 
would  not  keep  its  voltage  so  near  that  of  the  earth 
that  even  with  the  short  stream  length  there  would 
be  no  danger.  With  this  point  in  mind  the  resistance 
of  the  path  from  nozzle  to  ground  through  the  water 
in  the  hose  was  investigated  when  the  latter  was  thor- 
oughly insulated  from  the  ground  and  found  to  be 
about  150000  ohms  per  hundred  feet,  from  which  it 
would  appear  that  such  a  ground  connection  could  not 
be  depended  upon  to  shunt  much  of  the  current  around 
the  man  holding  the  nozzle. 


The  Journal  Question  Box 

Our  tubscribcrt  are  invited  to  tiic  thi«  department  ai  a  mean*  of  securing  authentic  infoTTnation  on  dectrica]  and  mechanica]  nibjccti. 
The  topics  should  be  of  jieneraj  interest ;  information  involving  the  specific  design  of  individual  pieces  of  apparatus  cannot  be  suppUed.  Care 
should  be  used  to  include  all  data  necessary  for  an  intelligent  answer. 

A  personal  reply  is  mailed  to  each  questioner  as  soon  as  the  neceuary  information  can  be  secured,  providing  a  self.addrea«ed,  stamped 
envelope  accompanies  the  query.  As  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reasonable  length  of  time 
should  be  allowed  before  expecting  an  answer. 


1076— Motor    on    Over-Voltage — (a) 

Would  you  advise  running  a  l.so 
horsepower,  three-phase,  60  cycle, 
440  volt,  motor  on  a  550  to  600  volt 
circuit?  (b)  Will  the  same  starting 
transformer  do?  (c)  Is  there  any 
advantage  in  running  a  550  volt  mo- 
tor on  600  volts,  outside  of  overcom- 
ing line  losses?  (d)  Are  the  manu- 
facturers specifications  the  the  same 
for  a  440  volt  motor  as  for  a  550  volt 
motor  with  the  exceptions  to  the 
iron?  .\i.  L.  c.  (r.  :.) 

A  440  volt  motor  should  not  be  run 
on  550  to  600  volts.  The  iron  loss 
would  be  materially  increased  in  any 
normal  design,  and  the  motor  would  in 
all  probability  overheat  to  a  dangerous 
temperature  at  no  load,  running  idle. 
Even  if  the  motor  did  not  become  over- 
saturated  the  magnetizing  current 
would  be  greatly  increased  and  a  very 
poor  power-factor  would  result.  Re- 
liable manufacturers  guarantee  motors 
to  operate  on  ten  percent  more  than 
normal  voltage,  and  that  is  a  safe 
maximum  to  assume,  (b)  No.  (c) 
The  voltage  at  the  motor  terminals  is 
what  counts,  and  it  is  the  most  desira- 
ble condition  always  to  have  this  as 
near  as  possible  to  the  maker's  rating. 
It  is  customary  to  install  a  600  volt 
generator  to  handle  550  volt  motors  in 
order  that  there  will  actually  be  550 
volts  at  the  motor  terminals.  (d) 
There  is  ordinarily  no  change  in  the 
iron  between  a  440  and  a  550  volt  motor 
having  all  other  characteristics  the 
same.  The  change  is  in  the  stationary 
coils.  The  550  volt  motor  has  approxi- 
mately five-fourths  as  many  turns  in 
series  in  its  coils,  and  the  conductor  is 
as  nearly  four-fifths  the  section  as  it 
can  conveniently  be  made.  a.  m.  d. 

1077 — Twenty-Five    Cycle    Lighting — 

Is  it  good  practice  to  use  twenty  five 
cycle  systems  for  incandescent  light- 
in?  Are  there  many  such  installa- 
tions in  service?  e.  r.  (iowa) 
On  account  of  the  flicker  that  occurs 
when  low  voltage  incandescent  lamps 
are  used  on  25  cycle  circuits,  lighting 
companies  have  generally  standardized 
on  60  cycle  power  for  this  load. 
Whether  or  not  it  is  good  practice  to 
use  a  25  cycle  .system  for  incandescent 
lamps  depends  almost  entirely  on  local 
condition^;.  Considered  entirely  from 
the  (lual'ty  of  the  light  from  2$  cycle 
lamps,  there  is  little  argument  in  favor 
of  a  25  cycle  system  when  coniparied  to 
a  60  cycle  system.  Where  it  is  neces- 
sary to  furi'.ish  a  considerable  direct- 
current  load,  such  as  a  railway,  varia- 
ble speed  direct-current  motors,  etc., 
and  convert  this  direct-current  power 
from  alternating-current,  the  25  cycle 
system  may  possess  a  little  advantage. 
Synchronous  converters  for  use  on  60 
cycles  give  about  as  good  performance 
as  on  25  cycles,  and  of  late  there  seems 


to  be  a  determined  effort  to  eliminate 
as  far  as  possible  the  use  of  25  cycle 
.systems  and  confine  the  demands  to  60 
cycles.  There  are  several  large  cities 
in  this  country  that  use  25  cycle  sys- 
tem for  commercial  incandescent  light- 
ing. The  city  of  Buffalo  and  surround- 
ing territory,  including  Niagara  Falls, 
uses  25  cycles  for  incandescent  lighting. 
.Also,  the  Canadian  cities  of  Toronto, 
Hamilton  and  others  taking  power  from 
the  Hydro-Electric  Company's  lines  use 
the  25  cycle  system.  Whether  or  not 
the  flicker  from  the  lamp  is  serious  de- 
pends largely  upon  the  size  of  lamps 
used  and  the  nature  of  the  installation. 
A  given  25  cycle  lamp  may  not  have  a 
perceptilile  flicker  when  observed  di- 
rectly, but  the  flicker  effect  may  be- 
come very  objectionable  if  the  lamp  is 
suspended  in  close  proximity  to  a  white 
wall  or  otlier  reflecting  surface,  c.  E.  s. 
1078 — Reversal  of  Elevator  Motor — 
The  connections  of  a  10  horse-power, 
150  volt,  60  amperes,  800  r.p.m.  com- 
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FIG.    1078    (a)    AND    (b) 

pound  wound  elevator  motor  are 
given  in  Fig.  1078  (a").  The  counter- 
weights of  the  elevator  are  so  bal- 
anced that  when  the  brake  is  released, 
the    elevator    coasts    up    if    given    a 


start,  so  that  on  going  up  no  trouble 
is  experienced,  but  when  started 
down,  as  soon  as  the  armature  resist- 
ance is  cut  out,  the  motor  reverses 
and  takes  the  elevator  up  against  the 
stops.  The  main  line  fuse  is  blown 
when  this  occurs.  This  condition  ex- 
ists only  after  the  motor  has  been 
run  long  enough  to  heat  the  shunt 
coils  quite  considerably.  With  full- 
load  on  the  motor,  the  shunt  field 
current  was  found  to  be  8.7  amperes. 
Will  you  please  explain  what  causes 
this  motor  to  reverse  without  the 
operator  touching  the  reverse  switch 
after  he  has  started  the  elevator 
down?  N.  H.  (OHlO) 

The  series  field  is  tied  permanently 
to  the  armature  and  is  being  reversed 
with  the  armature.  This  is  unquestion- 
ably the  cause  of  the  trouble,  and  if  the 
questioner  would  put  his  elevator  io 
the  middle  of  the  shaft  he  would  prob- 
ably find  that  the  car  would  run  up  and 
then  down  and  then  up  and  down  in- 
definitely. The  cause  of  this  is  owing 
to  the  fact  that  the  torque  of  the  motor 
with  the  two  fields  bucking  is  not  suf- 
ficient to  run  the  elevator  and  the  car 
slows  down,  taking  more  current  from 
the  line  until  the  series  field  reverses 
the  polarity  of  the  field  poles  of  the 
motor,  thus  reversing  the  motor.  If 
allowed  to  run  long  enough  in  this  di- 
rection the  series  field  would  gradually 
weaken  until  the  shunt  field  again  be- 
comes the  stronger  magnetizing  force, 
when  the  motor  would  again  reverse 
and  the  action  would  be  repeated.  It 
is  always  unsafe  to  run  elevator  motors 
with  the  series  field  in  circuit,  except 
in  the  starting  positions,  for  with  an 
overhauling  load,  such  as  is  found 
when  lowering  a  heavy  weight,  the 
tendency  is  to  weaken  the  field  of  the 
motor  and  make  the  machine  run  away. 
We  believe  the  diagram  in  Fig.  1078  (b) 
will  give  the  best  connections,  using  the 
controller  as  it  now  stands.  In  this  dia- 
gram the  series  field  has  been  connected 
in  place  of  the  last  step  of  resistance. 
The  last  step  of  the  present  resistance 
can  probably  be  left  in  circuit  and  the 
conection  simply  transferred  from  this 
step  of  the  resistance  cutout  device  to 
the  other  side  of  the  series  field,  thus 
cutting  out  the  last  step  of  resistance 
and  the  scries  field  together.  h.  l.  b. 

1079 — Manufacture    of    Carbon    Fila- 
ment— Please    describe    the    process 
for    the    manufacture    of    the    carbon 
filament  inside  of  an  ordinary  incan- 
descent lamp.  S.  B.  M.  (VIRGINIA) 
Carbon  filaments  are  to-day  made  en- 
tirely by  the  so-called  squirting  process. 
The  material  is  a  fine  srade  of  cotton 
which  is  dissolved  usually  by  a  strong 
hot  solution  of  zinc  chloride  and  hydro- 
chloric acid.     .\t  first  a  jelly-like  sub- 
stance is  produced,  but  finally  the  cotton 
is  completely  absorbed  and  the  resulting 
liquid,  called  cellulose,  is  a  heavy  syrup. 
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Whil;  still  hot  the  solution  is  filtered  to 
remove  impurities.  After  cooling  it  is 
forced  through  a  platinum  die  by  air 
pressure,  emerging  as  a  continuous 
thread  into  a  jar  of  wood  alcohol  which 
solidifies  the  thread.  The  thread  is 
coiled  in  the  bottom  of  the  jar  from 
which  it  is  later  removed  and  washed  in 
water,  and  is  then  wound  on  drums 
about  four  feet  in  diameter  and  dried. 
The  drv  c  llulose  thread  is  then  wrap- 
ped on. carbon  forms  and  embedded  in 
charcoal  or  graphite  and  is  then  heated 
to  about  y,  000  degrees  C.  This  converts 
the  cellulose  into  carbon  producing  the 
carbonized  filament.  After  carboniza- 
tion, the  filaments  are  treated  or  flashed. 
This  process  is  as  follows :  The  fila- 
ments are  cut  the  proper  lengths  and 
then  clamped  in  suitable  clamps  in  a 
receptacle  from  which  the  air  has  been 
removed,  and  a  carboniferous  gas,  usu- 
ally of  gasoline,  substituted.  Sufficient 
current  is  allowed  to  flow  through  the 
filament  to  cause  it  to  glow.  This  heat 
is  sufficient  to  cause  carbon  to  be  de- 
posited on  the  filament  in  a  form  simi- 
lar to  graphite.  This  greatly  reduces 
the  resistance  of  the  fihment  and  also 
increases  the  mechanical  strength.  When 
the  proper  resistance  is  obtained,  the 
current  is  automatically  cut  off.  This 
process  also  results  in  a  more  uniform 
filament  throughout  its  length,  as  the 
t'.in  places  become  hotter  and,  tlierefore, 
receive  a  greater  deposit  of  carbon, 
making  the  filament  very  uniform. 
After  the  filament  is  thus  made  it  is 
mounted  in  the  glass  stein,  the  leading 
in  wires  are  connected  and  then  the 
stem  is  sealed  into  the  bulb,  after  which 
the  lamp  is  exhausted  and  then  the  bulb 
is  sealed.  Then  when  bases  have  been 
put  on  the  lamps,  they  are  read  for 
use.  s.  A.  F. 

io8o^Single-Phase  from  Three- 
Phase — Referring  to  question  Xo. 
1010  may  I  ask,  (a) — Whether  there 
is  any  particular  reason  for  a  Y  con- 
nection of  the  primary.  Will  a  delta 
connection  with  2  200  volts  primary 
do  equally  as  well?  (b) — Would  an 
open  delta  or  V  connection  with  one 
transformer  conected  to  give  440 
volts,  and  the  other  220  volts,  the  lat- 
ter bucking  the  former,  prove  suc- 
cessful? In  either  case  would  it  not 
be  necessary  to  have  sufficient  trans- 
former capacity  in  each  phase  to 
carry  the  load  independently,  that  is  to 
say,  with  a  25  k.v.a.  welder,  would  it 
not  require  three  25  k.v.a.  transform- 
ers if  connected  as  per  No.  1010? 

F.  J.  F.  (ILLINOIS) 

(a) — It  makes  no  particular  difference 
whether  the  srimary  is  delta  or  star 
connected.  (b) — If.  by  "bucking  the 
former,"  you  mean  that  one  of  the 
transformers  shall  be  reversed  in  polar- 
ity with  respect  to  the  ordinary  V  con- 
nection, there  is  no  necessity  for  having 
two  different  voltages,  unless  an  odd 
voltage  is  desired,  as  better  results  will 
be  secured  if  both  transformers  are  con- 
nected for  440  volts.  As  stated  in  No. 
1010  this  connection  gives  exceedingly 
poor  power-factor  relations  on  the  pri- 
marv  and  is  not  in  general  to  be  recom- 
mended. With  three  transformers  the 
capacity  of  each  transformer  would  have 
to  be  one-half  of  the  capacity  of  a  sin- 
gle transformer  taking  the  power  from 
one  phase,  so  that  50  percent  excess 
transformer  capacitv  would  be  required, 
and  the  heating  of  the  .generator  would 
be  much  greater  when  supplying  a  given 
k.v.a.  output  with  this  connection  than 
■when   supplying  the  same  k.v.a.   output 


from  one  phase.  With  a  V  connection 
one  leg  of  which  is  reversed,  the  capac- 
ity of  each  transformer  would  have  to 
be  58  percent  of  that  of  a  transformer 
carrying  the  same  load  single-phase,  but 
in  this  case  not  even  the  primary  cur- 
rents will  be  balanced,  although  the 
third  phase  wire  will  carry  some  cur- 
rent. In  general,  from  an  engineering 
standpoint,  this  connection  cannot  be 
recommended,  although  there  are  un- 
doubtedly some  occasions  when  it  may 
be  advisable.  c.  r.  r. 

108 1 — Varying     Diameter     of     Choke 
Coils — We    find    that    the    available 
space  for  a  number  of  air  choke  coils 
for  use  with  electrolytic  lightning  ar- 
resters is  not  sufficient,  and  are  con- 
sidering  reducing  the   diameter   from 
approximately  eight  inches,  re-winding 
to  a  smaller  diameter   with   the  same 
number   of   turns,   discarding   part   of 
the   material.      What   effect    will    this 
have  upon  the  function  of  the  coils? 
G.  M.  (albert.x) 
The  inductance  of  a  choke  coil  of  this 
type  is  reduced  with  the   square  of  the 
diameter.     Hence,   reducing  the  coil  to 
approximately  half  its  original  diameter 
with  the  same  number  of  turns  will  give 
approximately    one-fourth    the    original 
inductance.        By     winding     the      same 
amount  of  wire  into  a  coil  of  half  the 
original    diameter,    approximately    twice 
the   original    number    of    turns    will   be 
produced   which,    with    the    same    space 
between  turns,  will  give  a  coil  twice  as 
long.      The    inductance    increases    with 
the  length  of  the  coil,  although  not  in 
direct    proportion.      However,     such    a 
coil    haying   half    the    original    diameter 
and  twice  the  original  length  will  give 
almost  half  the  original  inductance.     As 
the  function  of  the  choke  coil  is  to  pro- 
tect electrical  apparatus,  it  follows  that 
a  coil  of  onlv  half  the  original  induct- 
ance  will   give    only    one-half    as   much 
protection.      It    may   be.    however,    that 
this  is  ample  for  your  purpose.      G.  c  D. 
1082 — Power-Factor  of  Water  Rheos- 
tat— \\'hat      power-factor      is      pro- 
duced by  a  water  rheostat  when  used 
as  a  load  on  a  2300  volt.  60-cycIe  al- 
ternator? R.  R.  C.(PENNA.) 
The  power-factor  of  a  water  rheostat, 
measured   at    its   terminals,    is    approxi- 
mately   100    percent,    as    there     is    no 
inductance     in     water.       However,     in 
many     cases     where     a     water     rheo- 
stat  is  used,   there   is   from    lOO  to  300 
feet  of  cable  per  phase,  running  across 
iron  bedplates  or  supported  on  or  near 
iron  posts  or  girders,  which  introduces 
more  or  less  inductance,  and  the  power- 
factor  measured  at  the  machine   termi- 
nals may  vary  from  98  percent  to  nearly 
100    percent,    depending    on    the    above 
named   conditions.     With    certain    solu- 
tions and  metal  plates  there  will  be  an 
anode  polarization  and  condenser  action 
between    the    anode    and    solution.      At 
2  300   volts   this   effect   is   small,   but    in 
low    voltage    rheostats    this    effect    may 
cause  a  power-factor  as  low  as  30  per- 
cent   leading.      This    extreme    condition 
would  exist  with  aluminum  plates  and  a 
solution  containing  a  salt  or  acid  which 
forms     an     insoluble     compound     with 
aluminum.     With   the   iron   plates   ordi- 
narily used  in  water  rheostats  this  effect 
is  usually  negligible. 

N.  E.  w.  &  L.  w.  c. 
1083 — Synchronous  Motor  Trouble — 
We  have  four  2  20D  volt,  three-phase, 
30  pole,  self-starting  motors,  driving 
pulp  grinders.  One  of  these  motors 
will  only  carry  two  mills,  and  takes 
slightly    over    full-load    curent.    while 


the  others  are  driving  four  mills.  On 
examining  the  revolving  field  I  found 
that  instead  of  having  copper  bars  on 
the  squirrel-cage  starting  winding 
which  is  inserted  through  the  pole 
face,  a  white  metal  composition  was 
used.  On  starting  this  particular  ma- 
chine the  inrush  is  very  small  as 
compared  with  the  other  machines.  1 
then  decided  to  inter-change  the  fields 
with  one  of  the  machines  which  had 
been  laid  up  for  repairs ;  then  this 
motor  carried  its  orooer  load  with- 
out trouble.  The  rotor  with  the 
white  metal  composition  bars  was  put 
in  the  other  machine  and  acted  as  be- 
fore, taking  excessive  currents  when 
four  mills  were  put  on.  I  went  over 
the  air-gap  and  made  sure  the  poles 
were  centered  in  the  stator.  tried  all 
kinds  of  field  excitation,  but  could 
not  get  it  to  operate  as  the  other 
three  machines.  I  fail  to  see  where 
this  starting  winding  has  anything  to 
do  with  this  excessive  taking  of  cur- 
rent. I  also  made  a  resistance  test  of 
the  copper  and  white  metal  windings 
and  the  readings  were :  copper,  0.0078, 
white  metal,  0.0077.  Would  you 
please  advise  me  as  to  where  the 
the  trouble  of  this  machine  is  likely 
to  be?  w.  A.  M.  (new  jersey) 

The  white  metal  mentioned  is  prob- 
ably Muntz  metal  or  a  similar  high  re- 
sistance material.  This  is  indicated  by 
the  fact  that  the  machine  with  the  white 
metal  damper  has  a  small  starting  cur- 
rent. The  resistance  readings,  how- 
ever, on  the  two  materials  indicate 
practically  the  same  resistance,  which 
is  not  consistent  with  the  other  fact 
mentioned.  We  can  only  account  for 
the  motor  with  the  white  metal  damper 
being  able  to  drive  only  two  grinders, 
while  the  other  motors  (identical  ex- 
cept as  to  damper  winding)  drive  four 
grinders,  by  the  assumption  that  the 
motor  with  the  higher  resistance  dam- 
per winding  hunts  itself  partially  or 
completely  out  of  step.  If  this  motor 
does  hunt,  the  fact  would  be  evident  by 
the  pulsation  in  the  armature  current. 
The  starting  winding  can  have  no  ef- 
fect on  the  current  taken  by  the  motor 
or  cannot  affect  the  pull-oiit  torque  of 
the  motor  if  he  motor  is  actually  oper- 
ating svnchronously.  As  indicated 
above,  it  can  onl  •  have  the  observed 
effect  in  case  hunting  exists.  F.  D.  N. 

1084 — Drying  Generators — Kindly  in- 
form me  as  to  the  best  method  of 
drying  out  440  volt,  three-phase,  60 
C'cle  alternating-current  generators 
and  motors.  The  generators  are  of 
the  revolving  field  type  and  the  mo' 
tors  are  squirrel-cage.  Would  it  be 
feasible  to  dry  out  the  stator  coils 
on  the  motor  at  the  same  time  as  the 
generator,  if  running  the  generator 
on  short-circuit  or  wattless  current. 
Would  it  be  necessary  to  have  some 
resistance  in  the  motor  circuit  if  the 
rotor  was  removed  from  the  stator? 

A.  W.  (INDIANA) 

The  best  method  for  drying  out  ma- 
chines is  often  determined  by  the  facil- 
ities available  for  doing  this  work. 
Usually  it  should  be  done  with  the  arma- 
ture short-circuited  and  with  the  field 
current  so  adjusted  as  to  raise  the  tem- 
perature to  about  85  degrees  C.  The 
current  is  then  adjusted  by  means  of 
the  field  rheostat  to  maintain  this  tem- 
perature until  the  coils  become  thor- 
oughly dry.  During  this  procedure  the 
temperature  should  not  be  allowed  to 
drop  to  that  of  the  surrounding  atmos- 
phere,  as   the   moisture    would   then   be 
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condensed  on  the  coils  and  the  machine 
brought  to  the  same  ;ondition  as  at  the 
start.  There  is  always  danger  of  over- 
heating tlie  windings  of  a  machine 
when  drying  them  with  current,  as  the 
inner  parts,  whicli  cannot  quickly  dis- 
sii)ate  tlic  lieat  generated  in  them  and 
wdiich  cannot  be  examined,  may  get 
dangerously  hot  while  the  more  ex- 
posed and  more  easily  cooled  portions 
arc  still  at  a  comparatively  moderate 
temperature.  The  temperature  of  the 
hottest  part  accessible  should  always  be 
observed  while  the  machine  is  being 
dried  out  in  this  way  and  it  should  not 
be  allowed  to  exceed  80  degrees  C,  to- 
tal temperature.  It  may  require  several 
hours,  or  even  days,  to  drv  out  the  ma- 
chine thoroughly,  especially  if  of  largo 
capacity,  as  large  field  coils  dry  very 
slowly.  Insulation  is  more  easily  in- 
jured by  overheating  when  damp  than 
when  dry.  During  the  drying  out  run, 
readings  of  the  insulation  resistance 
should  be  taken  at  regular  intervals 
and  plotted  in  curve  form,  using  time 
as  abscissae  and  resistance  as  ordinates. 
In  case  the  resistance  shows  a  tendency 
to  decrease  at  first,  the  drying  should 
continue  until  the  resistance  reaches  a 
minimum  and  has  increased  again  to  its 
proper  value.  However,  where  current 
is  not  available  for  drying  out,  the  ma- 
chine may  be  surrounded  by  a  sheet 
iron  casing  and  arrangement  made  to 
raise  the  temperature  of  the  air  and  the 
machine  inside  the  case  to  obtain  100 
degrees  C,  considerable  care  being  taken 
to  avoid  exceeding  this  temperature. 
This  method  is  quite  slow  and  is  usu- 
ally not  considered  as  satisfactory  as 
when  using  current  in  the  machine.  In 
this  connection,  see  article  on  "Drying 
Out  the  Dayton  Lighting  Plants"  in  trie 
Journal  for  January.  '13.  R.  \.  M. 

1085 — Radius  of  Gyration  of  Motor — 
Please  give  a  method  by  which  the 
radius  of  gvration  for  the  rotating 
element  of  a  motor  is  obtained  for 
squirrel-cage,  wound-secondary  and 
direct-current  rotors.  Does  it  make 
any  difference  whether  the  rotating 
element  is  of  solid  construction  or  is 
of  spider  construction?  Is  the  form- 
ula an  adaption  of  similar  formula 
used   in   calculating  beams,etc.  ? 

A.  E.  w.  (marvl.vnd) 
The  radius  of  g>'ration  of  a  rotor  is 
the  point  at  which,  if  all  the  mass  could 
be  concentrated,  the  equivalent  fly- 
wheel effect  would  be  produced.  It  is 
obtained  by  multiplying  the  weight  of 
each  part  of  the  rotor  by  the  square 
root  of  the  mean  square  of  its  distance 
from  the  center  in  feet  and  dividing  the 
sum  by  the  t.-tal  weight.  The  electrical 
characteristics  of  the  rotor  do  not  effect 
the  radius  of  gyration.  In  practice,  the 
radius  of  gj-ration  varies  in  length 
from  80  to  8;  percent  of  the  radius  of 
the  rotor,  depending  upon  the  mechan- 
ical construction  of  the  machine.  It  is 
difficult  to  obtain  the  exact  radius  of 
gration  of  a  built  up  body  that  is  not 
of  uniform  section,  as  each  part  must 
be  calculated  separately.  By  dividing 
it  into  a  number  of  parts  of  approxi- 
mately uniform  section,  a  sufficiently 
close  result  may  be  obtained  for  prac- 
tical purposes.  For  instance,  the  radius 
of  gyration  of  a  ring  of  rectangular 
section  with  an  inner  radius  of  two  feet 
and  an  outer  radius  of  three  feet  is 
\/  '^-1^^  =  2.55  feet.  Any  body  can  be  di- 
vided into  a  number  of  rings  of  ap- 
proximately uniform  section.  The  for- 
mula is  not  the  same  as  for  the  radius  of 
gyration  of  a  beam.  w.  s. 


loSe^Demagnetizing   Exciter  Field — 

Uy  accident,  our  7.5  kilowatt  direct- 
current  exciter  was  connected  to  our 
360  kilowatt,  3-phase,  11  000  volt,  re- 
volving field  alternator  which  blew 
fuse  /.  Fig.  1086  (a).  The  field 
rheostat  of  the  exciter  was  connected 


FIG.  1086  (a) 

back  of  this  fuse  so  that  when  it 
blew  the  exciter  fields  were  opened 
and  the  lights  went  out.  Upon  ex- 
amination it  was  found  that  the  field 
of  the  exciter  was  entirely  demagnet- 
ized.    What  is  the  cause? 

L.  A.  p.  (OHIo) 

When    fuse    i    blew    out,    it    removed 
the  armature  voltage  from  the  alterna- 
tor  fields   and   left   the   alternator   field 
connected  to  the  shunt  fields  of  the  ex- 
citer.    The   self-induction   of   the   alter- 
nator fields  set  up  a  current  in  the  fields 
of    the    exciter    in    a    reverse    direction 
from   normal   and   consequently   demag- 
netized that  machine.  D.  H. 
1087 — Generator   Regulatio  n — We 
liavc  a  40  kw,  80  to  i6a  volt,  250  am- 
pere,  three-wire   compound   generator 
direct  connected  to  a  three-phase  mo- 
tor   and    used    for    charging    storage 
batteries.     The   voltage   regulation   of 
the  generator  is  very  poor  when  op- 
erating  as   a    120   volt   two-wire    ma- 
chine.    What  change   would  you.  jd- 
vise  me  to  make  in  order  to  operate 
the     generator     satisfactorily    at    12a 
volts?                                     E.  B.  H.  (mo.) 
Presumably    the    trouble    experienced 
is  that  the  generator   will  not   hold  up 
its  voltage  with  a  load.     If  this  is  a  non- 
inferpole  machine,  the  brushes  are  prob- 
ably   shifted    forward    of    the    neutral 
position.    If  this  is  the  case,  the  brushes. 
should   be   placed    as   near    the    neutral 
position    as    they    will    stand    without 
sparking.      If   this   does    not   give   suffi- 
cient compounding,  it  will  be  necessary 
to  supply  series  field  coils  having  more 
turns  than  the  present  coils.     This  con- 
dition might  also  be  caused  by  the  series 
field  coils  bucking  the  sh  int  field.     D.  H. 
1088 — Insulation    Bur  n-O  u  t — About 
how  many  minutes  may  elapse  before 
the  insulation  of  a  high  speed  water- 
wheel-driven      generator      which      is 
short-circuited   will    reach   a   smoking 
temperature?                     R.  B.  c.  (CAI.IF.) 
This   depends   so   much   on  the   ratio 
of  short-circuit  to  r:  .ed  current,  on  the 
current   density  at   which   the  copper   is 
worked,  on  the  kind  of  insulation  used 
and,  in  some  cases,  on  the   relative  ef- 
fectiveness  of   the   ventilation,   that   no 
average  figures  can  be  given.     Further- 
more, "smoking"  is       very  questionable 
measure  of  damage  to  insulation,  since 
smoking   may   be   due   to   oils   or   gums 
in  the  insulation  and  not  indicate  actual 
damage  to  the   main   insulating  materi- 
als.    In  any  particular  case,  the  result- 
ing  temperature    can   be    calculated    on 
the  assumption  that  all  of  the  generated 


heat  is  stored  in  the  coils,  in  which  case 
three  watts  will  raise  one  pound  of  cop- 
per one  degree  C.  per  minute.  F.  D.  N. 
1089 — Oscillations  Due  to  Air  Break 
Switch — Assuming  that  a  trans- 
former bank  carrying  a  load  of  8000 
k.v.a.  is  disconncciv  1  from  the  line 
by  an  air  break  witch,  will  other 
apparatus  not  be  aTectcd  by  the  os- 
cillations which  may  be  expected  to 
result  from  the  arc  and  its  final  rup- 
ture? Will  the  blowing  of  a  high 
amperage  fuse  on  the  line  have  the 
same  effect?  The  line  is  200  miles  in 
length,  voltage  75  000,  and  several 
transformer  banks  are  connected. 

R.  B.C.  (calif.) 
Generally  speaking,  an  air  break 
switch  is  more  liable  to  cause  voltage 
oscillations  by  reason  of  the  possibility 
of  opening  the  circuit  while  the  current 
wave  has  considerable  value  when  an 
air  switch  is  used.  The  value  of  the 
disturbance  is  wholly  controlled  by  the 
particular  conditions,  such  as  what  per- 
centage of  the  total  load  is  disconnected 
and  its  location  in  relation  to  other 
loads.  With  other  loads  of  consider- 
able magnitude  reasonably  close  to  the 
load  disconnected,  no  unusual  disturb- 
ances would  result,  as  any  oscillations 
would  be  absorbed  by  the  load.  Some 
disturbances  would  result  with  any 
standard  form  of  switching  if  the  load 
w-as  a  large  portion  of  the  whole. 

J.  N.  M. 

logo — Locomotive  Design — Please 
inform  me  if  the  draw-bar  pull  due 
to  the  side  rods  on  one  side  of  the 
"Pennsylvania"  locomotive  motor  is 
constant,  neglecting  friction.  It  is 
understood  that  the  rods  on  the  op- 
posite sides  of  the  locomotives  are  set 
at  90  degrees,  but  it  is  claimed  that 
if  there  were  rods  on  one  side  only 
the  draw-bar  pull  wou.d  still  be  con- 
stant, p.  C.     RHODE  ISLAXD^ 

No.     If  the   Pennsvlvania  locomotive 
motor  were  equipped  with  a  single  rod 
on  one  side  only,  the  locomotive  would 
not  operate.     The  condition  is  roughly 
analagous    to   a    single   cylinder   crank- 
connected  engine,  in  which  case  if  suf- 
ficient   speed    is    attained    to    allow    the 
flywheel  effor*  to  carry  over  the  dead 
center,    the    engine    can    run,   but    once 
stuck  on  dead  center  no  amount  of  ef- 
fort applied  to  the  driving  end  can  pull 
the  engine   off  the  dead  center,  c.  m.e. 
1091 — Synchronous      Motor     Driving 
Pump — (a)     How    would    a    60    kw. 
three-phase,    60    cycle,    440    volt.    900 
r.p.m.  generator  of  the  revolving  field 
type   and   of    modern    desigii   be    ex- 
peeted    to    behave    at    starting    when 
used  as  a  synchronous  motor  direct- 
connected     to     a     centrifugal     pump. 
The  load  upon  the  motor  at  starting 
is   verv   small,   being   practically   that 
due   to   the    friction   of    the   bearings 
and    stuffing    boxes.      As    the    pump 
speeds  up  the  load  increases  until  at 
goo   r.p.m.   the   power   required   is   75 
horse-power.    L'nder  these  conditions, 
is  it  possible   that  as   the   speed  and, 
therefore,  the  load  increases,  at  some 
certain   speed   t'.ie   motor   will   be   un- 
able  to    further   accelerate   even   with 
the  full  voltage  applied  to  the  stator 
and    will    run    at    a    speed    less    than 
synchronism.      (b) — What    would    be 
tiie    approximate   k.v.a.    input    to    the 
motor    at    synchronous    speed    before 
closing  the  direct-current  field  circuit 
and    with    440    volts    applied    to    the 
stator?      (c) — Suppose   the   motor   to 
be  speeding  up  and  to  have  attained 
a    speed    of    800    r.p.m.    with    normal 
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operating  voltage  applied  to  the 
stator.  At  tliis  instant  the  direct- 
current  is  applied  to  the  fields  so  as 
to  give  normal  field  excitation.  What 
would  be  the  effect  upon  the  line 
current?  V'ould  the  rate  of  eccelera- 
tion  of  the  motor  be  affected? 

J.  S.  G.  (OHIo) 

({a) — Centrifugal  pumps,  in  general, 
'require  from  25  to  40  percent  of  full- 
•  load  torque  at  starting  and  an  equal,  or 
greater,  amount  when  up  to  speed.  For 
such  a  pump,  the  generator  in  question 
would  not  develop  sufficient  torque  un- 
less it  is  equipped  with  a  damper  wind- 
ing. If  equipped  with  a  damper  wind- 
ing, it  is  probable  that  the  generator 
will  start  the  pump,  but  it  is  doubtful 
af  it  will  bring  it  up  to  full  speed,  if  75 
.horse-power  is  required  at  this  point. 
".Its  characteristics,  however,  will  de- 
)pend  on  the  details  of  the  generator  de- 
sign, (b) — If  the  i,enerator  does  ap- 
proach normal  speed  as  an  induction 
motor  with  a  75  horse-power  output 
and  no  field  excitation,  the  k.v.a.  input 
is  apt  to  be  from  two  and  one-half  to 
three  and  one-half  times  normal.  This 
input  also  depends  on  the  design  de- 
tails, (c) — With  the  machine  operating 
at  800  r.p.m.  the  effect  of  applying  the 
field  excitation  will  depend  on  whether 
or  not  the  machine  is  sufficiently  close 
to  synchronism  to  pull  into  step.  If  the 
machine  pulls  into  step,  the  line  current 
will  decrease,  but  if  it  is  not  sufficien^ly 
close  to  synchronism  to  pull  into  step 
as  a  synchronous  motor,  the  speed  will 
drop  and  the  line  current  be  increased. 

R.  A.  M. 

1092 — Calculating  of  Resistances — In 
Fig.  1092  (a)  yi/,,  M2.  and  .I/3,  are  the 
terminals  of  a  delta  connected  alterna- 
tor, a  =^  internal  resistance  of  alter- 
nator between  terminals  j1/i  and  A/j ; 
b  =  internal    resistance    of    alternator 


FIG.  1092  (a) 

between  terminals  M2  and  .V3 ;  and 
c  =  internal  resistance  of  alternator 
between  terminal  il/,  and  JI/3.  What 
are  the  resistances  of  the  windings 
X,  y  and  z  in  terms  of  a,  b  and  c? 

H.  A.  V.  (dIST.  of  col.) 

The  resistance  measured  across  any 
two  terminals  of  a  delta  connected 
generator  is  the  combined  resistance  cf 
two  windings  in  series  placed  in  paral- 
Id  with  a  third  winding.  Assuming 
resistances  x.  y  and  2  the  same,  the 
individual  resistances  of  windings  x,  y 
and  s  should  be  one  and  one-half  times 
the  measured  resistance  across  either 
<j,  b  or  f.  If  the  resistances  x,  y  and  3 
are  not  equal  their  values  may  be  deter- 
mined from  the  following  formulae : 
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J.  B.  G. 


1093 — Synchronous  Motor  with  Open 
Field  Circuit — Have  any  synchro- 
nous condensers  been  designed  so  that 
they  may  be  left  connected  to  the  line 
with  the  field  switch  open?  It  would 
seem  that  it  might  be  advisable  to  al- 
low the  machine  to  act  as  an  induc- 
tion motor  for  a  limited  time  when 
severe  trouble  is  encountered  on  a 
long  transmission  line. 

R.  B.  G.  (calif.) 
Any  synchronous  condenser  of  mod- 
ern design  may  be  left  on  the  line  for 
a  limited  time  with  no  field  excitation. 
There  are  two  possible  benefits  to  be 
derived  from  cutting  off  the  excitation 
during  short  circuits  or  similar  condi- 
tions on  a  transmission  line:  (a) — 
With  no  field  excitation  the  condenser 
will  take  a  large  lagging  current  which 
will  tend  to  reduce  the  line  voltage, 
thus  reducing  the  severity  of  any  short- 
circuit  conditions:  (b) — With  no  field 
excitation,  the  ability  of  the  condenser 
to  feed  current  into  the  short-circuit  is 
removed.  r.  a.  m. 

1094 — Accuracy  of  Instrument  Trans- 
formers— Must  switchboard  instru- 
ments of  one  manufacture  be  usefl 
with  transformers  of  similar  make  to 
obtain  rated  accuracy?  What  error 
if  any,  may  be  introduced  by  using 
Westinghouse  instruments  with  Gen- 
eral Electric  transformers? 

R.  B.  G.  (calif.) 

Transformers    of    a    given    nominal 
ratio  are  assumed  to  be  interchangeable 
when  used  within  their  specified  limita- 
tions of  secondary  loading.  p.  m. 
109s — Rotary     Converter     vrith     One 
Phase   Grounded — One  phase  of  the 
three-phase  high  tension  transmission 
line     became     accidentally     grounded, 
causing     the      direct-current     circuit 
breakers    on    the    550   volt,    i  100   am- 
pere.  25   cycle,   shunt   wound   conver- 
tes  in  a  station  fed  from  this  line  to 
open.       The     alternating-current     cir- 
cuit  breakers   remained   closed,  being 
equipped      with      over-load      releases 
only,    while   the   direct-current   circuit 
breakers  had  an  additional  no  voltage 
release  whose  circuit  would  also  open 
at  an  increase  in  speed.     In  less  than 
a  minute  after  the  direct-current  cir- 
cuit  breakers   opened,   the   field   cores 
and  dampening  rings  became  red  hot. 
The  alternating-current  switches  were 
tlien    opened    by    the    operator.      The 
recording  wattmeter  then  showed  that 
the    converters    had    drawn    150   kilo- 
watts apiece  while  they  were  running 
with  the   direct-current   circuit  break- 
ers    open.       The     converters     were 
started    up    shortiv    after    and    have 
since    run    as    well    as    before.      We 
^vouId  greatly  appreciate  an  explana- 
tion as  to  why  the  pole  pieces  became 
red  hot.                      H.  E.  M.  (Missouri) 
Presumably,  the  accidental  grounding 
of   one   phase   of   the   three-phase   high 
tension  transmission  line  caused  a  par- 
tial  short-circuit  on   ihe  system,   result- 
ing in  a  great  unbalancing  of  alternat- 
ing   voltages.      Presumably     (owing    to 
the  drop  in  alternating  voltage)   the  di- 
rect  current   reversed,   tripping  out   the 
direct-current  circuit  breaker.     The  con- 
verter was  then  left  running  on  this  un- 
balanced voltage  and.   due  to  pulsating 
armature   flux,   excessive  currents  were 
induced    in    the    squirrel-cage    winding 
and    pole    pieces.     We    have    heard    of 
trouble  before  with  squirrel-cage  wind- 
ings of  rotary  converters  when  operat- 
ing  on   unbalanced   voltage.     To   make 
this  explanation  reasonable  we  assume 
that  what  is  described  as  a  "no-voltage 


release"  on  the  direct-current  circuit 
breaker  is  in  reality  a  reverse  current 
relay.  J.  L.  Y. 

1096 — Short     Circuited     Alternator — 

(hie  phase  of  a  loaded  polyphase  gen- 
erator is  short-circuited.  Under 
usual  conditions  what  percentage  of 
normal  voltage  may  be  induced  in  the 
phase  or  phases  not  short-circuited? 
Is  this  induced  voltage  of  a  sustained 
or  transient  nature?  R,  D.  c.  (calif.) 
When  one  phase  of  a  loaded  poly- 
phase generator  is  short-circuited,  the 
resulting  short-circuit  current  will  affect 
the  voltage  of  the  other  phase  windings 
to  some  extent  through  the  action  of 
the  flu.K  set  up  by  the  short-circuit  cur- 
rent. Since,  however,  these  phase 
windings  form  closed  circuits  (due  to 
the  fact  that  these  phases  are  loaded), 
the  change  in  voltage  will  be  inconsid- 
erable. If  these  phases  were  on  open 
circuit,  the  change  in  voltage  would  be 
greatly  increased,  although  no  average 
figures  can  be  given.  The  amount  and 
direction  of  the  change  in  voltage  will 
depend  upon  the  amount  and  direction 
of  the  short-circuit  current.  This,  in 
turn,  depends  on  the  design  propor- 
tions of  the  generator  or  generators 
concerned  and  on  the  value  and  direc- 
tion of  the  voltage  wave  at  the  instant 
of  short-circuit.  These  voltages  in- 
duced in  adjacent  windings  are,  of 
course,  transitory  since  the  current  and 
flux  producing  them  are  transitorv. 
However,  if  the  short-circuited  condi- 
tion continues  long  enough  for  steady 
current  to  be  reached,  the  induced  volt- 
ages due  to  this  current  will  also  be 
steadv.  f.  d.  n. 

1097 — Heat  Efficiency  of  Steam  Tur- 
bines—  (a)  For  various  sizes  of  tur- 
bines from  say  1000  to  20000  kilo- 
watts, what  percentage  of  the  net 
heat  absorbed  by  the  turbine  is  avail- 
able at  the  generator  terminals?  (b) 
Is  the  efficiency  as  designated  above 
the  same  for  low  pressure  turbines 
working  on  exhaust  steam  as  for  high 
pressure  turbines  of  the  same  size? 

B.  T.  M.  (QUEBEC) 

(a)  Turbines  are  compared  on  the 
Rankine  cycle  efficiency  basis.  For  in- 
stance if  a  turbine  has  a  Rankine  cycle 
efficiency  of  7.;  percent,  that  machine 
utilizes  75  percent  of  the  available  en- 
ergy in  the  steam  passing  through  it. 
By  available  energy  is  meant  the  B.t.u. 
drop  (per  pound  of  steam  for  instance) 
from  the  inlet  to  the  exhaust,  the  action 
being  considered  purely  adiabatic.  The 
turbine  Rankine  cycle  efiiciency  and 
economy  is  affected  as  follows : 

1 — The   larger  the  machine  the  better  the 

economy. 
2 — The  higher  the  peripheral  speed  the  let- 
ter the  economy.  The  higher  the  ro- 
tative speed  in  r.p.m.  the  higher  the 
peripheral  speed  (generally  speaking). 
3 — The  less  the  heat  range  or  B.  t.  u. 
drop  the  better  the  Rankine  cycle 
efiiciency.  Of  course  the  greater  the 
heat  range  the  better  the  actual  econ- 
omy in  pounds  of  steam  per  kw-hour. 

In  commercial  machines  the  economy 
and  Rankine  cvcle  efficiency  increase^ 
with  the  size,  and  for  1 000  kw  and 
20000  kw  units  operating  at  the  same 
steam  conditions,  the  Rankine  cycle  ef- 
ficiencies are  about  57  and  75  percent 
respectively.  The  efficiency  increases 
a  great  deal  more  rapidly  directly  above 
I  000  kw  than  it  does  directly  below 
20  000  kw.  The  figures  of  57  and  75 
percent  would  be  better,  of  course,  if 
the  turbines  onlv  were  considered,  the 
betterment  obviously  being  directly  af- 
fected by  the  generator  efficiencies,  the 
S7    percent    being    proportionally    more 
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improved,  as  the  generator  efficiency  is 
not  so  good  for  the  smaller  unit,  (b) 
As  is  commonly  known,  approximately 
tile  same  amount  of  energy  is  availalile 
below  atmospheric  pressure  as  above. 
There  are  three  classes  of  turbines  that 
may  be  considered:  the  high  pressure 
condensing,  the  high  pressure  non-con- 
densing and  the  low  pressure  machines. 
As  stated  above,  the  less  the  heat  range 
or  B.t.u.  drop,  the  better  the  Kankine 
cvcle  efficiency  and  so  roughly,  the  high 
pressure  non-condensing  and  low  pres- 
sure machines  of  tlte  same  rating,  oper- 
ating over  the  same  beat  range,  are  in 
a  measure  cquallv  efficient,  each  being 
more  efficient  (on  the  Kankine  cycle 
basis)  than  the  high  pressure  condens- 
ing machine.  The  less  the  heat  range 
in  any  particular  type  of  turbine,  each 
designed  for  the  range  over  which  it 
operates,  the  greater  the  Rankine  cycle 
efficiency.  Of  course,  there  are  other 
factors  atfecting  the  Kankine  £ycl.e  effi- 
ciency besides  the  heat  range.  For  in- 
stance the  low  pressure  turbine  of  the 
same  size  and  operating  over  the  same 
heat  range  as  the  high  pressure  non- 
condensing  turbine  is  the  more  efficient 
of  the  two.  This  is  due  principalis 
to  the  blading  being  more  efficient  and 
leakage  less  as  the  snecific  volume,  and 
so  actual  volume  handled  are  a  great 
deal  greater  in  the  low  pressure  turbine, 
imaking  it  possible  from  a  practical 
standpoint  to  use  higher  blade  speeds, 
larger  and  so  more  efficient  blading. 
Generally  speaking,  the  percent  of  mois- 
ture is  less  in  low  pressure  turbines 
wliich,  with  other  factors  pertaining  to 
the  design  of  each  machine,  also  effects 
the   efficiency.  c.  M.  H. 

1098 — Dynamic  Braking — Has  dyna- 
mic braking  for  direct-current  hoist- 
ing cranes  proven  itself  satisfactory, 
and  do  you  know  of  any  large  instal- 
lations that  have  been  discarded  for 
mechanical  jrakes?     If  so,  why? 

J.  S.  (QUEBEC) 

Dynamic    braking    is    being    used    on 
practically  all  modern  cranes  with  mag- 
net switch  control,  even  on  open  hearth, 
hot  metal  cranes  where  safety  and  re- 
liabilitv   are    prime    factors.      They    are 
used  in  connection  with  magnetic  brakes 
which  are  designed  merely  to  hold  the 
load.    The  motors  are  series  wound  and 
the   lowering  connection   is   with   arma- 
ture and  series  field   in  parallel  giving 
a    shunt    motor    characteristic.      If    the 
load   overhauls    the    motor    regenerates, 
otherwise    it    takes    some    power    from 
the  line.     In  the  off  position  the  motor 
armature    is    practically    short-circuited 
on  the  series  field  and  the  line  switches 
are  opened.     Mechanical  air  brakes  are 
still  used  to  some  extent  on  mine  hoists 
and  ore  bridges,  possibly   because   elec- 
tric brakes  have  not  yet  been  develope'?! 
for  motors  of  the  larger  sizes.     We  do 
not    know    of    any    installations    which 
have    discarded     the     dynamic    brakin.g 
scheme  after  a  thorough  trial.       J.  H.  A. 
1099 — Induction    Motor    with    Phases 
Cross-Connected — The  stator  wind- 
ing  in   a   2  200   volt,   three-phase.    So 
horse-power     induction     motor     was 
damaged.       In     being     repaired     two 
phases    in    the    winding    were    cross- 
connected.     The  motor  would  run  on 
the    I  100   volts    starting    voltajje    but 
when  the  line  voltage  was  turned  in  it 
would  blow  the  fuses  and  trip  the  oil 
switch.      Why    did    it    not    blow    the 
fuses  at  starting?        j.  G.  w.  (penna.) 
As   no   information    is    given    it    is    a 
matter  of  surmise  ai  to  just  what  the 
improper  connection  may  have  been  and 


its  probable  effects.  It  seems  reason- 
able to  infer  that  the  nature  of  the  so- 
called  "cross  connection"  is  such  as  to 
cause  excess  current  to  flow  which  is 
proportional  to  the  voltage  impressed 
on  the  motor.  When  the  motor  is  on 
half  voltage  this  excess  current  is  not 
sufficient  to  blow  the  fuses,  but  wheli 
the  motor  is  on  full  voltage  it  reaches 
a  value  which  destroys  the  fuses.  An- 
other circumstance  which  may  have 
some  bearing  on  the  case  is  that  the 
fuses  which  are  used  on  the  starting 
side  of  the  auto-starter  or  compensator 
are  ordinarily  of  much  larger  capacity 
than  those  on  the  running  side.  IVts 
might  account  for  an  abnormal  current 
not  blowing  the  starting  fuses,  whereas 
the  same  current  would  immediately 
blow  the  fuses  on  the  running  side. 

A.  M.  D. 

HOC — Impregnating  a  Solenoid — I  am 

designing  an  iron-clad  plunger  elec- 
tromagnet in  which  I  propose  to  use 
enameled  copper  wire  of  about  No. 
20  gauge.  I  propose  to  insulate  the 
coil  from  the  bobbin  and  outer  iron 
by  sheet  mica.  Is  it  desirable  to  im- 
pregnate the  coil  with  some  com- 
pound to  more  readily  conduct  the 
heat  from  the  inside  of  the  coil,  and 
if  so,  what  compound  should  be  used 
and  how  should  this  be  applied?  The 
magnet  is  intended  to  run  as  hot  as 
the  insulation  will  permit. 

L.  A.  H.  (new  jersey) 

Cotton  covered  wire  should  be  im- 
pregnated with  bakelite  or  some  com- 
pound which  will  give  similar  protec- 
tion. No  impregnation  is  necessary 
with  enameled  wire.  w.  o.  L. 

iioi — Phasing-Out  Generators — With 
two  generators  connected  as  shown 
in  ¥\g.  Iioi  (a),  and  a  connection 
such  that  the  motor  runs  in  the  same 
direction  when  connected  to  each 
generator,  would  it  be  safe  to  connect 
the  two  generators  together,  as  shown, 


FIG.  IIOI    (a) 

after  synchronizing.   In  other  words,  is 
the  use  of  a  motor  in  this  way  a  safe 
method   for  phasing  out  two  genera- 
tors? J.  p.  L.  (nevad.\) 
This    method    of    testing   connections 
for    synchronizing    is    entirely    satisfac- 
tory and   is  o:ie  constantly  used   where 
a  suitable  small  motor  is  available. 

R.  A.  M. 

1 102 — Single-Phase   Motor — I    have    a 
60  cycle,   single   phase,  240  volt,  two- 
pole  Duntley  electric  drill,  the  rotating 
armature  of   which  has  ten  slots  and 
apparently    ten    coils    but    has    twenty 
commutator  bars  and  a  connection  to 
each  bar.     Will  you  kindly  explain  the 
winding  and  connecting  of  this  arma- 
ture? R.  L.  T.  (ind.) 
This  motor  is  w'ound  with  two  coils  in 
the  bottom  and  two  coils  in  the  top  of 
each  slot  and  is  connected  up  in  the  us- 
ual manner.    The  two  coils  in  each  slot 
are  wound  as  one  with  a  loop  brought 
out  from  the  center  of  the  coil  in  effect 
forming  two  coils,  but  having  the  exter- 
nal appearance  of  only  one.  c.  b.  c. 


1 103 — Removing  Old  Insulation — Can 

you  give  me  some  kind  of  a  chemical 
solution  for  removing  the  old  insula- 
tion from  armature  core  slots  that 
would  have  no  injurious  effects  on  the 
iron  of  the  core  itself,  to  be  used  in  a 
shop  where  a  large  number  of  arma- 
tures have  to  be  rewound  regularly? 

H.  R.  A.  (n.  y.) 
A  solution  composed  of  25  percent  al- 
cohol and  75  percent  benzole  is  good  for 
loosening  the  varnish  of  old  insulation 
so  that  it  can  be  scraped  from  the  slots 
in  the  armature.  This  will  produce  no 
bad  effects  on  the  laminations  or  on  the 
winding  when  the  armature  is  rewound. 
.Mkali  solutions  such  as  caustic  soda  will 
also  loosen  the  insulation  without  injury 
to  the  laminations,  but  would  creep  be- 
tween the  laminations  and  after  the  ar- 
mature is  rewound  the  alkali  fumes 
would  damage  the  insulation.  A  tool 
made  from  bar  steel  one  by  one-six- 
teenth inch,  of  suitable  length  and  drawn 
down  to  a  long  thin  point  like  a  chisel 
answers  very  well  to  remove  old  insula- 
tion after  it  has  been  softened,  and  will 
also  give  very  satisfactory  results  with- 
out the  u.se  of  any  chemicals  whatever. 
After  removing  the  insulation  in  this 
way  a  file  is  drawn  through  the  slots  for 
a  final  cleaning.  j.  i,.  r, 

1 104 — Arc  Welding— I  have  some 
armature  shafts  wuh  the  key  ways 
badly  worn  in.  Will  you  please  tell 
how  to  build  thein  up  by  the  electric 
arc  process.  .Also  what  flux  is  to  be 
used.  I  have  a  500  volt,  500  ampere 
motor-generator  set  that  1  can  use  and 
can  cut  the  voltage  down  to  about  100 

volts.  H.  E.   W.    (UTAH) 

To  build  up  armature  shafts  which  are 
of    clean    steel— a   metal   electrode   3/16 
inch  diameter  by  approximately  10  or  12 
inches  in  length  and  of  cold  rolled  steel 
should     be     used,     though     Norway    or 
Swedish    iron    may    also    be    employed. 
The  voltage  of  the  machine  may  be  as 
high  as  100,  though  this  is  not  necessary; 
in   fact,  the  voltage  of   the  machine  'is 
usually    about    70,    that    across    the    arc 
about  30,  the  difference  being  consumed 
by  a   steadying   resistance   in   much    the 
same   manner  as  in  an   arc  lamp.     The 
current  taken  will  then  be  from  130  to 
160     amperes.      The    positive    terminal 
should   preferably  be   connected   to   the 
shaft,   thus   making  the   electrode  nega- 
tive.   The  weld  is  made  by  manipulation 
of   the   electrode,   regulating   the   length 
of  the  arc  and  keeping  it  sustained  while 
at  a  distance  of  3/16  inch  or  more  away. 
Should  the  electrode  become  too  hot.  the 
voltage    should    be    reduced    and    vice 
versa;  no  flux  is  necessary.    For  further 
details  see  the  Journal   for  Jan.,   1908, 
p.  18,  and  for  Jan.,  IQ14.  p.  37;  and  the 
"American  Machinist,"  March  i6th,  lOll ; 
also  questions  S02,  55 1  and  248.        c.  B.  a. 
1 105 — Formula      for      Meter     Trans- 
formers— When       using      potential 
transformers  in  connection  with  watt- 
meters, voltmeters  and  meters  in  gen- 
eral where  it   is   necessary  to  change 
the  potential  to  suit  the  meter  voltage, 
what   formula  should  be  used   to  de- 
termine the  necessary  capacity  of  the 
potential  transformers? 

c.  M.  (C.^LIF.') 
Transformers  should  have  primary 
voltage  ratings  within  20  percent  of  the 
primary  voltage  to  be  applied.  This  will 
be  line  voltage  in  most  cases  or  58  per- 
cent of  line  voltage  for  three-phase  four 
wire  or  Y  connections.  The  current  rat 
ings  can  be  determined  from  the  losses 
in  the  meters  to  be  supplied.  The  losses 
in     alternating-current     voltmeters     are 
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from  eight  to  ten  volt-amperes;  watt- 
hour  meters  not  over  two  to  three  volt- 
amperes;  indicating  wattmeters  ahout 
five  volt  amperes;  power-factor  meters 
about  ten  volt  amperes;  synchroscopes 
about  ten  volt  amperes.  If  the  meters 
differ  much  in  power-factor  the  vectorial 
sum  of  the  currents  should  be  used. 
Synchroscopes  are  connected  to  the 
meters  for  such  a  short  period  of  time 
that  their  load  is  not  usually  considered 
in  determining  tlie  capacity  of  potential 
transformers.  Meter  readings  are  multi- 
plied by  the  ratio  of  transformation. 
For  example  a  2  000/100  volt  trans- 
former makes  a  certain  reading  repre- 
sent twenty  times  the  load  correspond- 
ing to  the  same  reading  without  the 
transformer.  n.  li.  t.  &  w.  r.  w. 

1 106 — Storage  Battery  Operation — I 
Iiave  a  set  of  storage  batteries  which 
I  am  using  for  residence  lighting. 
These  batteries  are  the  pasted  type 
and  have  a  capacity  of  about  120  am- 
pere-hours. I  charge  them  at  a  rate  of 
12  amperes  for  three  hours  once  per 
week  with  the  regular  overcharge. 
The  discharge  averages  about  two  am- 
peres for  three  hours  per  day.  Is  it 
necessary  that  the  specific  gravity  of 
the  electrolyte  be  maintained  at  1.285 
at  the  end  of  charge  on  this  class  of 
service?  There  are  a  few  cells  that 
I  have  charged  at  the  rate  of  nine  am- 
peres for  36  hours  and  at  the  end  of 
charge  and  five  hours  previous,  the 
specilic  gravity  reached  1.250  and  after 
discontinuing  the  charge  and  the  bat- 
teries had  stood  for  two  hours  out  of 
service,  the  specific  gravity  dropped  to 
I.2I0.  What  is  the  cause  of  this? 
The  sediment  in  the  bottom  of  the 
jars  is  not  near  the  plates.  If  I  can 
get  a  voltage  of  2.5  per  cell  with  the 
electrolyte  at  1.210,  are  not  the  plates 
less  apt  to  sulphate,  than  with  the 
gravity  of  1.285?  What  is  the  proper 
care  to  give  these  batteries  for  this 
class  of  service  and  obtain  the  maxi- 
mum life  of  the  plates? 

J.  0.  w.  (n.  y.) 
Charge  the  battery  up  full,  then  take 
the  elements  out  of  the  jars  and  put  in 
new  wood  separators.  Throw  all  the  old 
acid  away,  and  wash  out  of  the  jars 
thoroughly.  Put  the  elements  back  into 
the  jars  and  pour  in  acid  with  a  specific 
gravity  of  1.300.  Then  put  the  battery 
on  charge  at  not  more  than  nine  amperes 
luitil  it  shows  full  capacity.  It  is  neces- 
sary that  the  electrolyte  show  a  specific 
gravity  of  from  1.280  to  1.200.  The 
plates  will  sulphate  more  quickly  when 
the  specific  gravity  is  about  1. 210  than 
when  at  1.285.  F-  A-  s. 

1107 — Air  Compressor  Operation — (a) 
In  Wcstinghouse  air  compressors,  why 
is  the  center  line  of  the  crank  shaft 
lower  than  the  center  line  of  the  cyl- 
inders? (b)  What  effect  does  this 
have  on  the  piston  speed  of  the  com- 
pression and  suction  strokes?  (c) 
What  effect  does  this  have  on  the  pres- 
sure on  the  crank  shaft  bearings  and 
the  wear  of  the  piston  rings  on  the 
cylinder  walls?  (d)  What  would  be 
the  result  of  running  a  compressor  re- 
versed, taking  the  case  of  a  com- 
pressor with  crank  shaft  bearings  that 
do  not  entirely  surround  the  shaft  as 
the  D2  EZ  type  and  with  bearings  such 
as  the  C-60  type?  Also  what  would 
be  the  effect  on  the  herring-bone  gear 
of  running  reversed? 

I..  M.  w.  (new  york) 
(a)  This  is  for  the  purpose  of  obtain- 
ing a  more  direct  thrust  on  the  pressure 


stroke  than  is  possible  if  the  center  line 
of  the  crank  shaft  and  the  cylinder  are 
the  same,  thus  reducing  friction  losses, 
(b)  This  increases  slightly  (about  two 
percent)  the  average  piston  speed  on  the 
suction  stroke,  and  decreases  the  average 
piston  speed  by  the  same  amount  on 
pressure  stroke.  (c)  It  increases  the 
pressure  on  the  crank  shaft  bearings  but 
to  an  inappreciable  extent.  It  does  not 
affect  the  wear  of  the  piston  rings  on  the 
cylinder  walls,  (d)  With  cither  kind  of 
center  bearing,  reversmg  the  copiprcssor 
increases  the  pressure  on  these  bearings. 
The  effect  of  reversal  on  the  gear  would 
be  a  decrease  in  the  pressure  tending  to 
separate  the  halves  of  the  gear,  whereas 
in  the  pinion  the  tendency  to  separate  the 
two  halves  is  increased.  In  small  pin- 
ions, trouljle  might  result  from  rotation 
in  the  wrong  direction.  P.  L.  c. 

1108 — Power-Factor       Curve  —  What 
would  be   the  approximate  character- 
istic power-factor  curve  of  a  20  horse- 
power,   two-phase,    60    cycle    squirrel 
cage   induction   motor   at    100   percent 
overload?    What  effect  does  a  voltage 
that  is  considerable  above  rating  have 
upon   a   standard   motor   as   described 
above  as  regards  efficiency  and  power- 
factor?  C.  D.  R.    (OHIO) 
This  would  depend  to  a  very  large  ex- 
tent on   the   value   of   the   maximum   or 
pullout  torque  as  compared  to  the  nor- 
mal full-load  torque.     That  is  to  say,  a 
motor  having  three  to  four  times  norma' 
torque    as    its    ma.ximum    torque    would 
have  a  higher  power-factor  at  100  per- 
cent overload,  as  compared  with  the  full- 
load  power-factor,  than  would  a  motor 
with  a  maximum  torque  one  and  three- 
fourth  to  two  times  normal.     This  con- 
dition  varies   also   with   the   number   of 
poles   the   motor   has.     In   general   it   is 
reasonable    to   assume    that    the    power- 
factor   at    100  percent   overload   will   be 
less  than  at  full  load  but  the  amount  of 
this   variation  may  be   from  zero  to   15 
percent  or  even  more  in  extreme  cases. 
Answering  the  second  question  the  gen- 
eral   effect    of    an    increase    in    voltage 
which    does   not   exceed   ten   percent   of 
normal   is   to   leave   the   efficiency   prac- 
tically unchan,ged  and  reduce  the  power- 
factor   a   small   amount.      Variations  of 
over  ten  percent  have  a  tendency  to  de- 
crease both  power-factor  and  efficiency 
and  increase  the  heating.  A.  m.  d. 

1 109 — Inherent  Reactance — Please  ex- 
plain clearly  liow  the  inherent  react- 
ance of  a  generator  is  determined 
when  the  term  is  used  in  connection 
with  the  rating  of  oil  circuit  breakers. 
Volume  X,  p.  1 107,  states  it  is  as- 
sumed "that  the  generators  have  an 
inherent  reactance  of  approximately 
eight  percent,  or  in  other  words,  give 
a  maximum  current  on  the  first  wave 
of  short-circuit  of  12.5  times  the  mean 
full-load  current ;  and  also  that  the 
sustained  short-circuit  current  has  a 
maximum  value  of  three  times  the 
mean  full-load  current."  What  is 
meant  by  "mean  full  load  current?" 
Is  it  the  root  mean  square  value  of  the 
full  load  current?  Volume  XI,  p.  IQ9. 
states  that  the  maximum  value  of  the 
first  wave  on  short-circuit  is  to  the 
maximum  value  of  the  full-load  cur- 
rent as  180  is  to  the  percentage  react- 
ance. In  this  case  the  reactance  is 
spoken  of  as  transient  reactance.  ^  It 
also  states :  There  is  no  justification. 
in  spite  of  its  frequent  use.  for  the 
simple  relation  that  the  maximiim 
value  of   the   first  wave  of   short-cir- 


cuit is  to  the  maximum  value  of  the 
full  load  current  as  100  is  to  the  per- 
centage transient  reactance."  From 
this  article  it  would  appear  that  in- 
herent reactance  and  transient  react- 
ance are  two  different  quantities  but 
it  does  not  appear  that  the  ratio  of 
100-180  bears  any  relation  to  the  ratio 
between  the  maximum  value  of  the 
full-load  current  and  its  root  mean 
square  value.  j.  p.  (alberta) 

Inherent  reactance  and  transient  re- 
actance are  different  names  for  the  same 
quantity.  The  statement  in  Vol.  X,  p. 
1 107,  is  incomplete.  As  explained  in 
Vol.  XI,  p.  199  the  maximum  short-cir- 
cuit current  in  a  generator  having  eight 
percent  transient  reactance  is  approxi- 
mately 180-^8  =  22.5  times  the  normal 
current,  peak  values  in  each  case  being 
considered.  As  explained  in  Vol,  XI,  the 
ratio  of  100  to  180  is  approximately  the 
ratio  of  short-circuit  current  value  when 
the  short-circuit  wave  is  .symetrical  with 
respect  to  the  zero  line  of  current  to  the 
short-circuit  current  value  when  the 
short-circuit  wave  is  displaced  entirely 
to  one  side  of  this  zero  line.  The  rela- 
tion of  the  short-circuit  wave  to  the  zero 
line  depends  on  the  value  of  e.m.f.  at 
the  instant  of  short-circuit.  The  term 
"mean  full-load  current"  used  in  the  ar- 
ticle referred  to  is  the  root  mean  square 
value  as  stated  on  the  name  plate  of  the 
machine  or  obtained  by  a  meter  reading. 
The  term  "percent  inherent  reactance" 
as  used  by  circuit  breaker  engineers  is 
for  the  purpose  of  defining  the  relation 
of  the  value  of  initial  maximum  short- 
circuit  current  of  a  generator  to  the 
name  plate  continuous  full-load  rating. 
F.  D.  N".  &,T.  N.  M. 

mo — Selection  of  Carbon  and  Gra- 
phite Brushes — (a)  What  are  the 
relative  merits  of  graphite  brushes  as 
compared  with  carbon  and  what  condi- 
tions., such  as  commutator  speed,  slot- 
ted or  unslotted  mica,  etc.,  govern  the 
proper  selection  of  either  type?  (b) 
Since  there  are  various  grades  of  both 
carbon  and  graphite  brushes,  what  fac- 
tors enter  into  the  proper  selection  of 
a  grade  of  hardness  of  either  type? 

G.  V.  A.  (cape  BRETON  ) 

(a)  In  general,  carbon  brushes  are 
more  abrasive  than  graphite  brushes  and, 
therefore,  are  better  for  flush  mica. 
Carbon  brushes  have  greater  electrical 
resistance  than  graphite  brushes  and 
must  be  used  where  the  voltage  under 
the  brush  is  excessive.  Graphite  brushes 
have  better  lubricating  qualities,  better 
conductivity  and  lower  contact  resistance 
than  carbon  brushes  and,  except  for  the 
above  mentioned  conditions  of  unslotted 
mica  and  excessive  brush  voltage,  graph- 
ite brushes  are  more  efficient  than  car- 
bon brushes.  High  speed  commutators 
require  brushes  haying  the  best  lubrica- 
ting qualities.  (b)  Most  brushes  are 
made  from  a  mixture  of  carbon  and 
graphite,  varied  with  reference  to  de- 
sired resistance,  abrasivcness  and  hard- 
ness. Resistance  and  abrasivcness  are 
the  factors  governing  the  selection  of  a 
grade  of  hardness.  In  some  cases  tough- 
ness or  resistance  to  chipping  has  to  be 
considered.  The  manufacturers  have 
mechanical  tests  which  determine  the 
toughness  of  their  products.  With 
brushes  made  from  mixtures  of  carbon 
and  graphite,  toughness  is  the  result  of 
manufacturing  methods  rather  than  of 
proportion,  although  a  pure  graphite 
brush  is  never  as  tough  as  a  pure  carbon 
brush.  H.  R.  E. 
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The   articles   by   Messrs.    Weber   and 
Ind   ct'  Motyer  in  this  issue  call  attention  to 

,,  the    value    of    reconsideration    from 

Motor  ,     ,.  f  ^    »       ■     •  1         T 

tnue  to  tune  of  hrst  prmciples.     in- 

Charactenstics],g^g„fl^.  ,^q  ^^^^  ^^^^^  are  deduced, 
hut  old  facts  are  presented  in  an 
interesting  way  and  new  data  is  added  which  will  be 
of  service  to  practical  users  of  induction  motors,  who 
are  seeking  analytical  answers  to  physical  problems. 

There  are  two  valuable  points  in  Mr.  Motyer's 
paper.  First,  that  the  speed  regulation  of  phase- 
wound  induction  motors  with  resistance  in  the  second- 
ary circuit  is  poor  at  speeds  below  the  normal  full- 
load  speed  of  the  motor,  and  grows  poorer,  the 
greater  the  speed  reduction  under  which  the  motor  is 
running.  A  thorough  understanding  of  this  point  will 
l)revent  many  disappointments  in  application  and  con- 
demnation of  the  motor  for  an  indifferent  perform- 
ance when  nothing  else  should  have  been  expected. 
The  second  point  is  that  induction  motors,  when  run 
at  reduced  speeds,  suffer  a  decrease  in  efficiency  al- 
most exactly  proportional  to  the  decrease  in  speed. 

There  is  perhaps  no  other  single  subject  in  con- 
nection with  alternating-current  motors  which  has  re- 
ceived so  much  attention  from  technical  writers  and 
investigators  as  the  performance  of  the  straight 
single-phase  induction  motor.  It  appears  sometimes 
that  the  material  that  has  been  published  on  the  sub- 
ject is  out  of  all  proportion  to  the  practical  use  which 
has  been  made  of  the  motor  itself.  The  recent  ad- 
vent of  various  forms  of  phase  converters  has 
aroused  new  interest  since  it  appears  that  some  sys- 
tems will  be  dependent  upon  ajjparatus  of  this  type. 
Mr.  \\'cber's  curves  are  timely  in  showing  exactly 
what  happens  to  the  performance  of  the  single-phase 
motor  under  widely  varying  conditions.  These  curves 
answer  many  of  the  questions  commonly  asked  about 
s:ngle-phase  motors  and  have  the  added  advantage,  as 
stated  in  the  text,  of  being  a  record  of  actual  test  re- 
sults and  consequently  a  true  picture  within  the 
negligible  limits  of  errors  in  observation.  The  poly- 
phase curves  are  valuable  as  being  a  fuller  record 
than  is  usually  obtainable  with  facilities  at  hand,  and 
in  comparison  with  the  single-phase,  accentuate  the 
operating  differences  in  the  two  types  of  motor. 

Actual  data  of  this  nature  serves  a  double  jnir- 
pose  in  the  interest  it  carries  for  its  own  sake,  and 
in  furnishing  a  basis  for  other  investigations  to  which 
it  is  necessarily  incidental.  .\.  M.  Diulkv 


We  are  accustomed  to  the  idea,  based 

c-i  CD  on    the    fluid    analogv,    that    electric 

rlow  of  Power  *'- 


by  Phase 
Difference 


power  must  flow  in  the  direction  of 
the  droj)  of  voltage.     This  analogy  is 


not  fundamentally  incorrect,  since  in- 
stantaneous power  always  does  flow 
in  the  direction  of  lower  electric  pressure.  Power 
may,  however,  flow  from  a  lower  to  a  higher  root 
mean  square  voltage.  The  reason  for  this  is  that 
there  are  two  influences  responsible  for  the  flow  of 
power  in  alternating-current  circuits ;  one  is  drop  in 
voltage,  and  the  other  is  phase  difference  between 
su])plv  and  load.  These  two  causes  are  not  isolated 
and  independent  but  are  closely  related  and  dependent 
on  each  other.  Under  certain  conditions  of  line  react- 
ance power  can  be  made  to  flow  toward  any  load 
taking  a  leading  current,  even  though  there  is  a  rise 
of  voltage  between  the  supply  and  receiver  ends  of 
the  line. 

All  transmission  lines  must  possess  reactance  to 
some  degree.  If  a  lagging  current  passes  over  a  line 
possessing  such  reactance  the  drop  in  the  line  is  ex- 
aggerated since  the  portion  of  it  which  is  due  to  the 
reactance  comes  more  nearly  into  phase  with  the  sup- 
ply voltage.  If,  on  the  other  hand,  an  appreciably 
leading  current  flows  the  line  drop  is  reduced  or  may 
even  become  negative  since  it  tends  to  be  in  reverse 
phase  to  the  supply  voltage.  Obviously  a  negative 
drop  first  takes  up  the  natural  loss  in  voltage  due  to 
the  resistance  of  the  line  and  causes  the  supply  volt- 
age and  the  load  voltage  to  become  equal.  If  there 
is  a  still  greater  leading  current  there  may  even  be  a 
rise  of  measured  voltage  from  the  supply  to  the  load 
end  of  the  line  and  yet  power  be  flowing  toward  the 
load  all  the  time.  This  condition  cannot  exist,  of 
course,  unless  there  is  appreciable  line  reactance.  We 
see,  therefore,  how  an  apparent  impediment  to  the 
delivery  of  power  may  be  a  blessing,  and  it  may  even 
become  necessary  to  add  artificial  reactance  to  the  line. 

The  article  in  this  issue  by  Mr.  H.  B.  Dwight  dis- 
cusses the  methods  of  calculating  the  requirements  of 
such  a  method  of  power  transmission  to  give  constant 
voltage  at  the  receiving  station.  The  idea  is  that  each 
load  supply  the  required  conditions  by  so-called  syn- 
chronous condensers,  so  that  enough  leading  current 
will  be  drawn  from  th.e  line  to  produce  constant  volt- 
age regardless  of  power-factor.  Such  a  system  not 
only  minimizes  the  line  loss  but  enables  the  line  to  be 
designed  primarily  with  reference  to  the  most  econ- 
omic line  costs,  without  reference  to  the  question  of 
regulation.  R.  P.  T.xcksox 
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The  peculiarly   intimate   interdepend- 

The  Widening  ence   between    electric    operation    and 

Field  for       the   many   activities   of   modern   life 

Electrical      calls  for  men  of  far  wider  capability 

Engineers      than  mere  technical  skill.     For  many 

years  the  chief  endeavor  of  electrical 

men  was  to  tind  out  how  to  generate  and  distribute 

electric  current.    How  to  make  a  dynamo;  whether  to 

connect  lamps  in  series  or  in  parallel ;  how  to  make  a 

motor  that  could  be  relied  upon  to  run  a  street  car — 

such  were  the  problems  that  pressed  for  solution.    As 

these  problems  have  been  w-orked  out  from  year  to 

year,  power  houses  have  grown  larger,  transmission 

and  distribution  systems  have  been  built,  while  motors 

and   other  appliances   for   utilizing   the   current   have 

been  developed. 

The  notable  characteristic  of  the  use  of  electricity 
is  not  so  much  the  convenience,  simplicity  or  economy 
occurring  when  it  is  substituted  for  some  other  means 
of  accomplishing  a  given  result,  as  it  is  that  new 
methods  may  be  adopted  and  new  results  may  be  ob- 
tained. As  the  electric  system  affords  a  means  of 
transmitting  power  produced  in  large  quantity  by  the 
most  economical  means  and  supplying  it  for  a  thous- 
and uses,  it  comes  into  intimate  and  vital  relation  with 
all  kinds  of  activities. 

Xew  problems  are  found  in  the  application  of 
electric  current  so  that  the  mutual  adaptation  of  the 
electrical  devices  and  the  operations  to  be  performed 
will  secure  the  most  effective  results.  In  illumination, 
for  example,  new  lamps  have  been  perfected  which 
give  more  light,  while  on  the  other  hand  a  study  of 
the  way  to  use  light  more  effectively  has  led  to  a  new 
kind  of  engineering — illuminating  engineering.  The 
early  idea  in  the  use  of  motors  for  driving  mills  and 
factories  was  simply  the  substitution  of  motors  for 
an  engine  to  effect  a  saving  in  the  cost  of  power. 
Now  the  principal  aim  is  to  secure  a  better  kind  of 
power  by  which  a  superior  or  cheaper  product  can  be 
produced,  and  motors  are  specially  adapted  to  the 
particular  requirements  of  each  class  of  service.  But 
the  real  purpose  of  the  motor  is  to  assist  in  producing 
a  product  and  the  important  problem  is  to  find  the 
modifications  in  methods  or  processes,  the  improve- 
ments in  operation  or  reduction  of  losses,  which  will 
lead  to  more  economic  production.  This  is  application 
engineering.  It  is  one  thing  to  make  motors  that  will 
run ;  it  is  quite  another  to  determine  what  is  possible 
of  accomplishment  by  electric  power  and  to  adapt  the 
motors  to  the  work  and  the  process  to  the  motors  not 
merely  with  electric  efficiency  and  mechanical  reliabil- 
ity, but  so  as  to  bring  final  results  which  are  better  and 
cheaper. 

This  field  of  applied  electricity  knows  no  bounds. 
Wherever  light  is  needed,  wherever  power  can  be 
used,  wherever  heat  is  to  be  applied,  wherever  electro- 
chemical processes  are  to  be  carried  on,  the  problem 
for  the  application  engineer  is — How  can  better  re- 
sults be  secured,  how  can  electric  service  be  made  to 
simplify,  to  improve,  to  economize,  to  contribute  to 


convenience  and  comfort,  to  promote  the  general  wel- 
fare? This  larger  view  of  the  functions  of  the  elec- 
trical engineer  has  modified  and  broadened  his  field 
of  work.  Designers  must  consider  the  service  condi- 
tions which  their  apparatus  will  encounter  and  aim 
to  secure  the  best  ultimate  result,  even  though  the 
electrical  appliances  may  cost  more.  In  the  sales  de- 
partment the  jolly  good  fellow  has  given  place  to  the 
engineer,  to  the  man  who  knows  what  can  be  done 
and  how  to  do  it,  who  can  analyze  a  situation  and 
predicate  what  electricity  can  do  to  improve  or 
cheapen  or  to  develop  new  fields,  and  who  can  state 
his  case  in  both  technical  and  commercial  terms.  This 
is  well  brought  out  in  an  article  in  this  issue  by  Mr. 
S.  L.  Nicholson.  Among  central  stations  there  are 
service  departments  with  experts  who  can  advise  as 
to  the  best  methods  of  using  electricity  and  the  gain 
in  comfort  or  economy  which  may  result.  In  all  sorts 
of  industries  w-hich  use  electricity  there  are  oppor- 
tunities for  engineers  who  can  study  operating  meth- 
ods and  can  devise  new  and  improved  ways. 

In  the  organization  of  railway,  central  station 
and  industrial  companies  many  executive  and  admin- 
istrative positions  are  held  by  men  who  have  been 
trained  as  engineers.  The  knowledge  and  training 
which  the  engineer  acquires  is  found  to  give  the 
power  of  analysis  and  the  constructive  mode  of 
thought  which  are  valuable  in  accounting  and  finan- 
cial affairs.  Municipalities  are  finding  that  good  en- 
gineers, rather  than  astute  politicians,  are  needed  for 
administering  public  affairs,  building  roads  and  sew- 
ers and  water  works,  and  for  dealing  with  electric 
railway  and  lighting  and  power  matters. 

There  was  once  an  idea  that  young  men  studied 
electrical  engineering  so  that  they  might  design  dy- 
namos and  motors.  Good  designers  are  still  needed, 
but  the  number  is  insignificant  as  compared  with  the 
demands  in  other  fields.  Each  designer  of  motors  or 
heating  appliances  or  lamps  supplies  a  hundred  ap- 
plication engineers.  The  power  from  a  single  gener- 
ator is  available  for  a  thousand  purposes.  The  prob- 
lem is  to  apply  and  to  use,  to  modify  the  methods  of 
modern  aff'airs  so  that  they  may  take  full  advantage 
of  the  new  possibilities  which  electricity  has  given  to 
the  world. 

Just  as  the  electrical  industry  has  extended  from 
a  small  beginning  to  a  universal  electric  service  which 
is  interrelated  with  innumerable  activities,  so  also  has 
the  need  for  men  expanded.  At  first  the  technical 
expert  was  concerned  wholly  with  things  electrical : 
later  has  come  also  the  need  for  men  to  cope  with 
every  department  of  the  extended  service ;  men  who 
know  the  electrical  appliances  and  who  understand 
the  requirements  of  the  many  industries  which  they 
are  to  operate ;  men  who  can  handle  practical  condi- 
tions of  every  sort,  who  can  deal  with  business  and 
financial  matters,  or  with  public  affairs ;  men  of  vision 
and  capability  who  can  help  to  realize  in  actual  per- 
formance the  possibilities  presented  by  the  new  source 
of  universal  power.  Chas.  F.  Scott 


A  Study  of  Three-Phase  Systems 

Charles    Fortescue 

Transformer   Engineering  Department, 
Westinghouse  Electric  &  Mfg.  Company 

IT  IS  PROPOSED  in  this  paper  to  study  several  cnmmoii  methods  of  connecting  transformers  for  use 
on  polyphase  systems  with  the  viezv  of  displaying  the  advantages  of  each,  showing  under  what  conditions 
they  may  be  used  to  the  best  advantage. 


IT  IS  well  known  that  the  shape  of  an  e.m.f.  wave 
is  that  of  the  differential  of  the  flux  wave  which 
produces  it.*  That  is,  the  slope  of  the  e.m.f. 
wave  is  a  maximum  when  the  slope  of  the  flux  wave 
is  a  minimum  and  vice  versa.  Also  this  e.m.f.  is  90 
degrees  out  of  phase  with  the  flux,  since  the  e.m.f. 
is  greatest  when  the  rate  of  change  of  flux  is  greatest. 
Take,  for  instance,  a  transformer  on  open  cir- 
cuit. The  counter  e.m.f.  due  to  self-induction  is  90 
degrees  out  of  phase  with  the  flux  in  the  core,  as 
shown  in  Fig.  i,  and  is,  neglecting  resistance  and 
leakage,  equal  to  the  impressed  e.m.f.  To  produce 
a  sine  flux  in  the  iron  a  current  lo  must  flow  through 
the  windings,  which  may  be  resolved  into  three  com- 
ponents; one,  \,p.  is  a  distorted  wave,  having  its 
peak  coincident  wiih  the  peak  of  the  flux  wave,  but 


FIG.     I — CURRENT    W.WE    REQUIRED    TO    PRODUCE    SINE    WAVES    OF 
FLUX    AND   E.M.F. 

The  current  wave  wa.s  derived  by  plotting  points  obtained 
from  the  flu.x  wave  and  the  hysteresis  loop.  Thus,  on  a  basis 
of  one  turn,  the  distance  OA  on  the  hysteresis  loop  equals 
the  distance  OA  on  the  current  curve  at  the  instant  of  zero 
flux.  This  current  curve  corresponds  very  closely  with  simi- 
lar ones  obtained  by  oscillographic  records. 

crossing  the  zero  at  different  times,  the  distortion 
being  due  to  the  varying  permeability  of  the  mag- 
netic circuit;  and  tw^o  others,  1^,  representing  the 
energy  loss  due  to  eddy  currents,  and  Ih,  represent- 
ing the  loss  due  to  hysteresis,  both  of  which  are 
sine  waves,  directly  in  phase  with  the  impressed 
voltage.  I^  can  be  analyzed  into  a  fundamental  and 
a  number  of  higher  hannonics,  of  which  the  third  is 
most  pronounced.  The  shape  and  amplitude  of 
the  exciting  current  wave  may  be  obtained  from 
the  hysteresis  loop,  as  shown  in  Fig.  r,  in  which  the 
ordinates  of  the  current  curve  are  taken  from  the 
abscissae  of  the  hysteresis  loop  for  particular  values 
of  tltix  which,  for  any  value  of  time,  are  taken  from 
the  tlux  curve.  If  the  harmonics  are  absent  from 
the  exciting  current  the  result  will  be  a  distorted 


flux    wave,    such  as   shown    in    Fig.    2,    the   principal 
harmonic  being  the  third.* 

STAR-STAR   CONNECTION 

In  the  primary  of  a  star-connected  group  of 
transformers  the  sum  of  the  currents  flowing  to- 
wards the  neutral  point  must  be  zero.  The  triple 
harmonic  components  of  the  magnetizing  current  in  a 
symmetrical  three-phase  system,  when  present,  have 
the  same  phase  relations  to  their  respective  funda- 
mentals and  the  fundamentals  are  120  degrees  apart. 
Therefore  the  three  triple  harmonics  are  exactly  in 
phase,  as  shown  in  Fig.  4,  and  since  in  the  star  connec- 
tion their  sum  must  be  zero,  each  component  is  neces- 
sarily zero.  This  suppression  of  the  third  harmonic 
component  of  the  magnetizing  current  will  cause  third 

-flat 


FIG.   2 — FLUX    WAVE   PKODUCED  IN    IRON    HAVING   THE  GIVEN    HYS- 
TERESIS   LOOP    BY    A    SINE    WAVE    OF    CURRENT 

This  is  the  condition  produced  in  a  current  transformer, 
where  the  current  wave  is  determined  by  conditions  external 
to  the  transformer. 

harmonic  components  to  appear  in  each  of  the  three- 
phase  e.m.f's.  between  the  neutral  and  the  mains, 
which,  when  the  system  is  perfectly  symmetrical,  are 
exactly  equal  and  in  phase  with  one  another.  Since 
the  e.m.f.  between  any  two  terminals  is  equal  to  the 
vectorial  difference  between  the  e.m.f,'s.  from  the  neu- 
tral point  to  those  terminals,  the  triple  harmonic 
e.m.f. 's  existing  in  the  two  latter  will  cancel  each  other 
and  will  not  appear  in  the  wave  form  between  termi- 
nals. 

Thus,  the  presence  of  the  third  harmonic  in  the 
e.m.f.'s  between  the  neutral  and  mains  of  the  pri- 
mary circuit  does  not  materially  affect  the  e.m.f.  be- 
tween lines  in  the  secondary  circuit.  However,  a 
load. cannot  be  taken  oft'  between  the  neutral  point 


*This  is  evident  from  the  equation  e 


d   * 

d  t. 


■  *The  elimination  of  third  harmonics  in  three-phase  trans- 
formation as  referred  to  subsequently,  does  not  include  any 
of  the  higher  harmonics,  except  those  which  are  multiples  of 
three.  While  the  fifth,  seventh,  eleventh,  etc..  harmonics  have 
usually  a  measurable  value,  their  effect  can  be  neglected,  since 
they  can  never  enter  into  a  single-phase  relation. 
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and  one  of  the  lines,  because  tliis  c.ni.f.  is  unstable.  stable  and  a  load  may  be  taken   from  the  secondary 

The  reason  of  this  is  evident  from  an  inspection  of  circuit  between  the  neutral  and  lines,  even  though 

Fig.  3,  in  which  the  voltage  between  lines  AB,  BC,  the   primary   neutral   is   not   connected   to  the   gen- 

and  CA  is  held  constant  by  the  generator.     If  a  load  erator    neutral.      In    this   case    the    triple    harmonic 

is  taken  from  the  secondary  as  shown,  the  secondary  e.m.f.'s  in  the  two  halves  of  each  coil  are  opposed 

.current  in  O'  C  will  cause  a  primary  current  to  flow  and  hence  annul  one  another.     The  primary   should 


FK;.    3 — SHIFTED   NEUTRAL   IN    A    STAR-COXN'ECTION' 

in  or.  having  nearly  equal  and  opposite  ampere  turns 
to  that  in  O'  C .  This  current  must  be  supplied  through 
the  primaries  of  the  other  two  phases  AO  and  BO 
which  have  no  corresponding  current  in  their  second- 
.aries ;  consequently  these  windings  act  as  very  high 
impedance  choke  coils  in  series  with  the  transformer 
■OC  and  thereby  the  impressed  e.m.f.  across  OC  is  re- 
<luced  to  a  small  value. 

One  method  of  obtaining  a  stable  neutral  point 
is  to  connect  the  primary  neutral  to  the  generator 
neutral.  A  constant  e.m.f.  (that  of  one  phase  of  the 
generator  winding)  is  thus  maintained  across  the 
transformer  primary  OC  which  will  hold  up  the  volt- 
age on  the  load  and  prevent  shifting  the  neutral. 
The  objection  to  this  is  that  if  the  generator  e.m.f. 
has  a  third  harmonic  component,  and  the  secondary 
system  is  grounded,  there  is  a  corresponding  third 
harmonic  potential  present  in  the  secondary  system 
between  the  transmission  line  and  ground  which  may 
cause  a  very  large  third  harmonic  charging  current  to 
■flow  through  the  transmission  line,  returning  through 
the  earth.  This  charging  current  may  be  greatly  en- 
hanced by  partial  resonance,  due  to  the  reactance  of 
the  transformers  and  lines.  The  chief  trouble  due  to 
the  third  harmonic  charging  currents  is  caused  by  the 
highly  inductive  path  through  which  they  flow,  the 
fields  set  up  thereby  causing  inductive  interference 
with  neighboring  telephone  or  telegraph  circuits. 


FIG.    4 — RELATION    OF    THIRD    HARMONICS    WHEN    FUNDAMENTALS 
ARE   120  DEGREES  APART 

In  single-phase  transformers  and  three-phase 
shell-type  transformers  this  third  harmonic  com- 
ponent of  the  wave  form  may  be  entirely  eliminated 
by  using  an  interconnected-star  secondary  winding; 
and  if  care  be  taken  to  properly  interlace  the  wind- 
ings, as  shown  in  Fig.  5,  the    neutral    point    will    be 


R 


^ 


<;^J^ 


Pnmary  Secon<lary 

rir,.    5^I.NTERC0N.Ni;CTED    STAR    SECO.NDARY    CONNECTIONS 

not  be  interconnected,  if  the  neutral  is  connected 
to  the  generator  neutral,  for  if  the  generator  has  a 
third  harmonic  component  it  will  flow-  through  the 
two  windings  of  one  transformer  in  opposite  di- 
rections; the  inqu'dance  to  the  flow  of  the  third- 
harmonic  current  set  up  by  the  third-harmonic  com- 
ponent in  the  generator  e.m.f.  wave  between  neu- 
tral and  terminals  is  thereby  rendered  very  small 
and  these  currents  may  be  large  enough  to  cause 
undue  heating.  The  action  in  this  case  is  like  that 
of  a  single-phase  e.m.f.  impressed  on  tw'o  equal  coils 
of  a  transformer  connected  in  opposition.  The  sihgle- 
phase  fluxes  are  opposed  and  there  is  no  opposition  to 
the  triple  harmonics  except  the  leakage  flux. 

In  three-phase  core-type  transformers,  that  is 
to  sa}%  transformers  with  interlinked  magnetic  cir- 
cuits, this  same  interchange  of  magnetomotive 
forces  takes  place  between  the  phases,  so  that  each 
phase  has  a  part  of  the  magnetomotive  force  sup- 
plied by  the  other  two  phases  during  a  portion  of 
the  cycle,  as  shown  in  Fig.  6.  In  this  case  if  there 
is  no  leakage,  all  the  flux  going  up  in  one  part  of 
the  magnetic  circuit  must  go  down  in  some  other; 
that  is,  the  algebraic  sum  of  the  three  magnetic 
fluxes  must  be  zero :  therefore  the  sum  of  the  three 
induced  e.m.fs.  must  also  be  zero  and  thus  the  neu- 
iral  point  is  the  centroid  of  the  primary  voltage 
triangle.  In  such  transformers  there  exists  a  third- 
harmonic  leakage  field  in  the  air  external  to  the 
coils    due   to   the   above   mentioned   interchange   of 


KIG.   6 — FLUX   PATHS   IN    A   THREE-PHASE  CORE-TYPE   TKANSFORMEK 

third-harmonic  e.m.f.,  but  its  value  is  very  small  with 
transformers  having  small  magnetizing  currents.  The 
neutral  point  will  be  symmetrically  located,  even  with 
wide  differences  in  the  permeability  of  the  cores,  the 
required  e.m.fs.  for  the  three  cores  being  supplied  in 
the  proper   relation  by   the   three   primary   windings. 
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The  magnetizing  currents  in  three-phase  transformers 
of  tins  txpc  which  are  unsymmetrical  have  third-har- 
monic components,  which  are  in  three-phase  relation 
and  produce  unlike  waves  in  the  three  phases. 

]  f  a  load  be  taken  from  one  phase  of  the  second- 
ary of  a  three-phase  transformer  of  the  type  under 
discussion,  a  leakage  field  is  set  up  in  the  coil  spaces 
between  the  loaded  phase  and  the  other  two  which  is 
usually  large.  The  regulation  of  such  transformers 
for  loads  between  tlie  neutral  and  lines  is  not  usually 
good.  The  condition  is  similar  to  the  effect  of  load- 
ing one  side  of  a  single-phase  core-type  transformer 
connected  for  three-wire  distribution  which  had  not 
been  designed  with  cross-connected  secondary  wind- 
ings. Interconnection  of  the  primary  or  secondary 
windings  is  one  remedy  for  this  trouble. 

In  the  straight  star-connection  with  single-phase 
transformers,  the  voltage  stress  per  turn  on  the  wind- 
ings is  (]uite  high  on  account  of  the  excessive  peaking 
of  the  e.m.f.  between  neutral  and  lines.  The  core  loss 
of  the  transformers  is  usually  lower  than  for  a  sine 
wa\e  e.m.f.  even  though  the  effective  value  of  the  neu- 
tral to  line  e.m.f.  is  more  than  57  percent  of  the  e.m.f. 
between  lines.  Formerly  it  was  considered  a  grave 
disadvantage  of  this  connection  that  a  short-circuited 
unit  would  cause  73  percent  increase  in  stress  on  the 
other  two.  It  is  not  probable  now  that  such  a  condi- 
tion could  exist  without  tripping  the  breakers,  since 
this  increase  in  voltage  with  the  steel  now  used  in 
transformers  would  result  in  a  magnetizing  current 
ha\ing  an  effective  value  several  times  the  full-load 
current. 

The  advantage  of  the  star-star  connection  of 
single-phase  transformers  is  in  its  simplicity  and  low- 
cost.  It  is  not  suitable  for  four-wire  three-phase  dis- 
tribution, nor  should  it  be  operated  with  the  neutral 
gnnmded.  The  transformers  are  subjected  to  an  un- 
due stress  between  layers  and  between  coils  on  ac- 
coiuit  of  the  distorted  e.m.f.  between  neutral  and  lines. 
If  the  neutral  of  the  primary  be  connected  to  the  neu- 
tral of  a  generator  which  has  no  third-harmonic  com- 
ponent the  connection  may  be  used  for  four-wire 
three-phase  transmission  with  or  without  the  neutral 
point  grounded.  The  advantage  of  simplicity  and  low 
cost  is  lost  to  a  great  e.xtent  if  it  is  found  necessary 
to  interconnect  the  windings  on  account  of  the  desir- 
ability of  grounding  the  neutral  point. 

Three-phase  transformers  star-star  connected  may 
be  used  with  or  without  the  neutral  grounded,  for 
three-phase  three-wire  transmission.  I-ight  loads  may 
also  l)e  taken  off  between  neutral  and  line.  Intercon- 
necting the  low-tension  winding  docs  not  involve 
much  trouble,  but  it  is  simpler  to  connect  this  wind- 
ing delta,  which  |)ro(Iuces  the  same  result  in  a  simpler 
and  more  efficient  maimer. 

Star-star  connected  three-phase  transformers 
have  the  same  advantage  as  single-phase  transformers 
connected  in  the  same  manner,  and  the  stress  to  which 
the  insulation  is  subjected  may  be  reduced  to  a  smaller 


value  for  a  given  voltage  between  terminals  than  with 
any  other  connection ;  this  advantage,  however,  is  of 
little  consequence  when  the  line  e.m.f.  is  low.  They 
have  the  additional  advantage  that  the  e.m.fs.  betweea 
neutral  and  lines  do  not  have  a  third  harmonic. 

DELT.\-DELTA   CONNECTION 

This  connection  is  the  most  widely  used  of  all 
three-phase  connections,  and  is  recommended  for 
moderately  high  voltages  on  account  of  its  extreme 
flexibility  The  third  harmonic  and  its  multiples  are 
eliminated  in  the  terminal  e.m.f.s.  of  a  symmetrical 
star-connected  generator,  and  if  the  three  delta  con- 
nected transformers  are  alike  in  design  and  magnetic 
characteristics  they  will  be  absent  in  the  secondary 
e.m.fs.  Differences  in  magnetic  characteristics  of  the 
transformers  are  corrected  in  this  connection  by  in- 
terchange of  m.m.f.  through  the  secondary  windings. 
A  marked  disspnmetry  in  the  bank  of  transformers 
may  cause  a  third-harmonic  component  in  three-phase 
relation  to  appear  in  the  secondary  e.m.fs.  betweem 
lines :  but  the  usual  third-harmonic  distortion  charac- 
teristic of  the  secondary  e.m.f.  of  single-phase  trans- 
formers is  not  present  in  the  e.m.f.  between  phases,- 
duc  to  the  fact  that  the  delta-delta  connection  affords- 
a  low  impedance  path  to  the  flow  of  current  set  up  by 
such  a  component,  thereby  automatically  eliminating 
it.  In  three-phase  transformers  of  the  form  known  as 
core-type,  the  interlinking  magnetic  circuits  of  the 
three  phases  somewhat  modify  the  interactions  be- 
tw-een  the  three  phases  but  the  differences  in  action 
from  single-phase  transformers  connected  in  delta  are 
trifling. 

The  chief  advantage  of  the  delta-connected  group 
of  single-phase  transformers  lies  in  its  flexibility.  If 
one  of  the  transformers  in  a  group  fails  the  other  two 
are  able  to  supply  power  at  a  diminished  rating,  the 
only  change  being  the  cutting  out  of  the  defective 
transformer,  which  may  be  done  without  interference 
with  the  operation  of  the  other  two. 

The  stresses  to  which  the  insulation  is  subjected 
are  higher  than  in  the  star  connection,  and  there  is 
no  means  of  grounding  the  neutral  except  through  the 
intermediary  of  an  interconnected  star  group  of  single- 
phase  auto-transformers  or  a  three-phase  auto-trans- 
former, or  some  such  device,  provided  with  a  star 
connection. 

ST.\R-DELT.\  .\ND  DELTA-STAR  CONNECTION 

These  methods  of  connecting  transformers  have 
been  the  subject  of  a  good  deal  of  controversy,  and 
have  suffered  through  misapplication.  It  was  pointed 
out  that  in  the  star-star  connection  it  was  necessary 
to  intercomiect  the  primary  winding  to  eliminate  the 
distorting  third  harmonic  and  to  obtain  a  stable  neu- 
tral point :  this  is  effected  in  the  delta-star  connection 
of  single-phase  transformers  at  a  minimum  cost,  and 
with  a  maximum  degree  of  stability  of  the  neutral 
point.     It  is  in  reality  a  more  direct  transformation 
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than  the  delta-delta  connection ;  since  there  can  be  no 
interchange  of  m.ni.f.  between  phases,  the  secondary 
neutral  to  line  c.m.f.  is  the  same  as  that  obtained  with 
single-phase  transformation  and  may  contain  a  trace 
of  third  harmonic  due  to  the  reactive  drop  of  the  ex- 
citing current. 

The  three-phase  core-type  transfomer  with  delta- 
star  connection  has  a  stable  neutral  point  and  also  on 


FIG.  7— ILLUSTRATING  THE  REGULATING  EFFECT  OF  A  STAR-DELTA 
CONNECTED  CROUP  OF  TRANSFORMERS  ON  A  THREE-PHASE  FOUR- 
WIRE   SYSTEM 

account  of  the  interlinked  magnetic  circuits  the  sec- 
ondary neutral  to  line  e.m.f.  is  absolutely  free  from 
third  harmonic.  The  three-phase  shell-type  does  not 
differ  materially  from  three  single-phase  transformers. 

The  star-delta  connection  has  some  very  interest- 
ing peculiarities,  lack  of  understanding  of  which  has 
led  to  its  improper  use,  resulting  in  troubles  which 
have  been  considered  as  the  fault  of  the  connection, 
rather  than  of  the  individuals  who  misapplied  it.  In 
this  connection  the  sum  of  the  secondary  induced 
e.m.f's.  must  be  zero  on  account  of  the  delta-connected 
secondary;  consequently  the  neutral  point  of  the 
primary  star  connection  must  be  the  centroid  of  the 
primary  e.m.f.  triangle  except  for  the  slight  distor- 
tions caused  by  the  drop  due  to  the  exciting  currents 
.n  the  windings.  It  has  already  been  pointed  out  that 
a  third-harmonic  component  is  required  in  the  m.m.f. 
wave  to  produce  a  sine  wave  of  induction.  If  the 
primary  is  star  connected,  this  third  harmonic  m.m.f. 
is  supplied  to  each  phase  as  required  by  the  other  two 
through  the  secondary  delta-connected  winding,  so 
that  there  exists  a  circulating  third-harmonic  mag- 
netizing current  in  the  delta,  which  is  equal  in  magni- 
tude and  time  phase  to  the  equivalent  component  in 
the  normal  single-phase  secondary  exciting  current  of 
the  transformers.  The  effect  of  differences  in  the 
magnetic  characteristics  of  transformers  so  connected 
is  to  cause  a  slight  dissymetry  in  the  secondary  e.m.f. 
waves  between  lines,  which  is  due  to  the  third-har- 
monic components  in  three-phase  relation  which  ap- 
pear in  these  e.m.f's. 

If  the  neutral  of  a  star-delta  connected  bank  of 
transformers  be  connected  to  that  of  the  generator 
supplying  the  transformer  the  result  will  be  a  short- 
circuit  so  far  as  the  third-harmonic  component  of  the 
generator  between  neutral  and  terminals  is  concerned, 
the  flow  of  third  harmonic  current  being  limited  only 
by  the  impedance  of  the  transformers,  and  very 
serious  heating  may  result  both  to  the  generator  and 
to  the  transformer.  Since  the  neutral  of  the  trans- 
former is  stable  there  is  no  necessity  for  connecting 
it  to  that  of  the  generator,  and    if    it    is    desired    to 


ground  the  primary  system  this  may  be  done  most  ad- 
vantageously by  grounding  the  neutral  point  of  the 
bank  of  transformers. 

The  delta-star  connected  three-phase  trans- 
former, or  bank  of  transformers,  is  suitable  for  three- 
phase  transmission  and  distribution  with  both  three 
and  four  wires.  A  load  taken  off  between  neutral  and 
line  will  cause  the  neutral  to  shift  only  an  amount 
equal  to  the  impedance  drop  of  the  transformer  sup- 
plying the  loaded  phase.  In  four-wire  three-phase 
systems,  where  the  e.m.f.  is  stepped  up  through  delta- 
star  transformers,  and  three-phase  power  is  supplied 
through  star-delta  step-down  transformers  the  latter, 
if  their  neutral  be  connected  to  the  neutral  wire,  serve 
as  balancers  for  loads  taken  off  between  the  neutral 
wire  and  the  lines.  Fig.  7  will  suffice  to  explain  this 
action  of  the  star-delta  connected  bank  of  trans- 
formers. 

Let  C  be  the  source  of  supply,  A  a  heavy  single 
phase  user  and  B  a  small  three-phase  user.  With  a 
heavy  load  on  A  the  voltage  hk  will  drop  and  energy 
will  be  fed  not  only  from  the  source,  but  also  through 
phases  bB  and  cB.  The  voltage  on  fg  will  also  tend  to 
drop  because  of  the  lower  voltage  on  aB.  The  voltage 
on  ef  and  eg  will  cause  a  circulating  current  to  flow 
around  the  delta  efg  which  not  only  serves  as  a  mag- 
netizing current  to  hold  up  the  voltage  on  aB  but  also 
supplies  actual  energy  to  aB  by  drawing  current 
through  the  windings  bB  and  cB  from  the  lines.  Thus 
bk  may  be  considered  as  supplied  directly  from  station 
C  and  also  indirectly  through  the  secondary  delta  efg. 
This  characteristic  may  cause  a  serious  heating  of  the 
three-phase  transformer. 

An  interesting  peculiarity  of  the  star-delta  con- 
nection is  that  when  the  wave  form  of  applied  e.m.f. 
is  not  a  sine  wave,  a  peaking  harmonic  in  the  e.m.f. 
across  the  lines  will  produce  a  flatting  harmonic  in  the 


FIG.   8 — THE  SUM   OF  TWO  FL.\T-TOPPED   WAVES    IS  A  PE.\KED  WAVE 

e.m.f.  between  neutral  and  lines  as  shown  in  Fig.  8,  and 
vice  versa,  although  the  eft'ective  values  will  be  in  the 
ratio  of  i  to  V3.  as  for  a  sine  wave;  as  a  consequence 
the  core  loss  of  a  three-phase  star-delta  connected 
transformer  may  have  different  values  when  meas- 
ured on  the  star  side  and  delta  side,  when  the  form 
factor  of  the  impressed  wave  dift'ers  from  that  of  a 
sine  wave. 
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'Ihe  star-delta  and  delta-star  connection  have  all 
the  advantages  of  the  star-star  connection  without 
their  grave  disadvantages.  As  pointed  out  before, 
when  the  e.m.f.  is  low  there  is  no  inherent  advantage 
in  the  star  connection.  Actually,  however,  there  may 
be  decided  disadvantages.  There  is  no  advantage  in 
supplying  a  single-phase  load  from  the  neutral  point 
of  a  generator ;  on  the  contrary  the  single-phase  out- 
put of  a  three-phase  generator  is  greatest  when  the 
power  is  supplied  from  two  terminals.  The  delta- 
star  connection  permits  of  this  and  therefore  increases 
the  unbalanced  capacity  of  the  whole  system.  Con- 
sequently, even  should  it  be  possible  to  entirely  elim- 
inate the  third  harmonic  from  the  e.m.f.  w'ave  between 
the  neutral  and  terminals  of  a  generator,  the  star-star 
connection  is  hopelessly  out  of  the  running  when  it 
has  to  compete  with  the  delta-star  connection.  In 
three-phase  transformers  the  delta-star  connection  is 
the  most  economical  way  of  obtaining  good  regulation 
between  neutral  wire  and  lines  in  a  three-phase  four- 
wire  system. 

DISCUSSION    or   DELT.\-DELT.\   .\ND   nELT.\-ST.\R   SYSTEMS 

For  three-phase  transmission  at  moderate  volt- 
ages, say  up  to  33  000  volts,  the  advantage  lies  with 


figs.  9  -and  10 — potexti.\l  di.\cr.\ms  of  delt.\-delt.\  .•\xd  st.\r- 
bi;lt.\   conxected  tr.^xsformers,    norm.\l   oper.\tiox 

the  delta-delta  connection  for  single-phase  trans- 
formers, on  account  of  its  greater  flexibility  and  be- 
cause the  failure  of  one  unit  in  a  bank  interrupts 
service  for  only  the  short  length  of  time  required  to 
cut  out  the  defective  unit,  operation  being  continued 
with  the  transformers  connected  in  V  at  a  reduced 
rating. 

For  three-phase  four-wire  distribution  the  delta- 
star  and  star-delta  connected  transformers  are  most 
suitable.  It  may  not  be  out  of  place  here  to  sound 
a  note  of  warning  in  connection  with  supplying  single- 
phase  service  from  three-phase  sources  grounded  or 
ungrounded.  In  a  single-phase  transformer  connected 
to  a  three-phase  system,  the  secondary  winding  has 
a  potential  determined  by  the  mean-potential  of  its 
primary  winding  and  the  relative  capacitj'  between 
primary  and  secondary  and  between  secondary  and 
ground.  An  ungrounded  secondary  winding  which 
is  disconnected  from  other  wiring  may  iiave  quite  a 
high  potential  due  to  this  effect.  A  preferable  way  of 
supplying  residence  lighting  from  a  three-phase  line 
would  be  by  means  of  a  three-phase  step-down  trans- 
former or  bank  of  single-phase  transformers  con- 
nected in  star-delta  or  interlinked  six-phase,  then  if 


the  supply  circuit  were  grounded  at  the  neutral  point, 
the  secondary  circuit  could  be  operated  ungrounded 
with  safety.  The  practice  of  running  single-phase 
feeders  from  a  three-phase  supply  to  outlying  dis- 
tricts for  the  purpose  of  supplying  lighting  service  is 
Ijad  in  so  far  as  when  the  secondaries  are  grounded 
it  is  liable  to  interfere  with  telephone  service. 

For  three-phase  transmission  at  voltages  above 
44000  volts,  the  problem  of  insulation  begins  to  as- 
sume importance.  Figs.  9  and  10  are  potential  dia- 
grams of  delta-delta  step-up  or  step-down  trans- 
formers and  delta-star  step-up  or  star-delta  step- 
down  transformers.  The  point  O,  the  centroid  of  the 
potential  triangle,  is  at  zero  potential :  the  potential 
of  any  portion  of  the  winding  of  any  phase  is  given 
by  the  distance  of  the  equivalent  point  on  the  potential 
diagram  from  the  centroid.  The  e.m.f's.  and  instan- 
taneous potentials  are  given  by  the  projection  of  the 
points  A  B  C,  a  b  c  on  a  given  line  passing  through  O, 
the  vectors  being  considered  as  rotating  about  O  so 
as  to  make  one  complete  revolution  per  cycle.  Com- 
paring these  two  potential  diagrams,  it  will  be  ap- 
[(arent  that  the  high-tension  winding  of  the  delta-star 
transformer  is  subject  to  lower  average  stress  than 
that  of  the  delta-delta,  the  stress  in  the  first  connec- 
tion varying  from  o  to  57.7  percent  of  the  line  e.m.f. 
and  in  the  second  from  28.8  to  57.7  percent  of  the  line 
e.m.f. 

The  tendency  of  any  connection  to  give  trouble 
during  switching  will  probably  depend  largely  on  the 
amount  of  potential  energy  stored  in  the  system  under 
normal  operating  conditions.  The  high-tension  wind- 
ings of  the  transformers  in  both  connections  will  have 
about  the  same  capacity  to  ground,  the  tendency  being 
for  higher  values  in  the  transformers  for  the  delta- 
delta  connection.  If  E  be  the  effective  value  of  the 
e.m.f.  between  lines,  the  maximum  amount  of  energy- 
stored  in  the  dielectric  will  be  in  the  case  of  the  delta- 
delta  connection  for  each  transformer  CE"  -^  6.  and 
in  the  case  of  the  delta-star  connection  it  will  be 
CE--^-9  for  each  transformer,  the  value  C  being  the 
total  capacity  of  the  high-tension  winding  of  each 
transformer  to  ground. 

It  foUow^s  in  consequence  that  there  will  probably 
be  fewer  disturbances  caused  in  a  transimssion  system 
when  a  star-delta  bank  is  switched  on  and  off  the  cir- 
cuit than  when  a  delta-delta  bank  of  the  same  capacity 
is  swMtched  on  and  off :  and  therefore  the  insulation 
stresses  due  to  switching  in  the  star-delta  connection 
will  be  correspondingly  smaller  than  in  the  delta-delta 
connection.  The  same  relations  hold  true  for  any 
conditions  that  may  arise  in  operation  which  cause 
the  circuit  breakers  to  open,  such  as  a  ground  on  the 
line,  short  circuits  between  phases,  etc.  In  every  case 
the  energ}-  stored  in  the  dielectric  is  less  for  the  star- 
delta  connected  group  than  for  the  delta-delta  con- 
nected group. 

The  dangers  arising  from  switching  are  caused 
not  so  much  by  the  rapid  interruption  of  large  cur- 
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rents  (  for  as  a  matter  of  fact  the  rate  of  diminution 
at  the  instant  of  interruption  is  not  very  much  greater 
than  if  the  circuit  breaker  remained  closed),  as  by 
the  potential  energy  in  the  disconnected  bank  of  trans- 
formers and  transmission  line  becoming  changed  into 
kinetic  energy  after  the  current  has  ceased  setting 
up  oscillations  in  the  two  systems  which  produce  dif- 
ferences of  potential  at  the  disconnecting  points  suffi- 
cient to  cause  them  to  arc  over.  These  abrupt 
changes  in  condition  set  up  other  trains  of  oscillation 
which  arc  superimposed  on  the  first,  resulting  in  ab- 
normal stress  on  the  insulation  of  the  transformers. 

When  the  line  is  disturbed  by  lightning,  the 
capacity  of  the  transformers  will  have  little  to  do 
with  the  severity  of  the  disturbance.  The  charge  due 
to  a  thunder-cloud,  when  released,  sets  up  waves 
which  on  striking  the  transformers  cause  a  high  stress 
between  adjacent  turns  of  the  windings,  particularly 
those  ne*-  the  terminals.  \  large  capacity  between 
adjacent  turns  will  tend  to  reduce  the  severity  of  these 
stresses.  In  the  star  high-tension  winding  the  large 
wide  conductors  tend  to  large  values  of  capacity  be- 


Flf.S.  TI  .XND  12 — POTENTIAL  DI.\CR.\irS  OF  DELTA-DELT.\  AND 
STAR-DELTA  CONNECTED  TRANSFORMERS  WITH  ONE  LINE 
GROUNDED 

tween  adjacent  turns,  which  is  the  condition  required 
for  reducing  the  stresses. 

The  delta-star  grouping  has  the  advantage  from 
an  insulation  standpoint  even  if  the  neutral  point  is 
not  grounded.  With  a  grounded  neutral  i)oint  the  in- 
sulation stress  is  still  further  reduced,  an  advantage 
which  cannot  be  obtained  with  the  delta-delta  system 
without  auxiliary  star-delta  transformers. 

The  mechanical  stresses  due  to  short  circuit  will 
be  the  same  for  both  systems,  but  delta  high-\'oltage 
windings  are  not  so  well  adapted  to  withstand  me- 
chanical shock  as  the  stauncber  windings  for  star  con- 
nection. It  may  therefore  be  stated  that,  with  equal 
mechanical  support,  the  delta  high-voltage  winding 
will  be  mechanically  weaker  than  the  corresponding 
star  winding. 

Cost.— -The.  coils  used  in  all  power  transformers 
of  large  capacity  are  discoidal,  sometimes  termed  pan- 
cake coils,  and  consist  of  spirally  wound  flat  copper 
ribbon  conductors  insulated  with  sleeves  or  strips  of 
micanite  or  other  insulating  material.  To  enable  the 
workman  to  produce  a  servicable  coil  the  conductor 
must  be  large  enough  to  hold  down  the  sleeves  or 
layers  of  insulating  materials,  otherwise  the  coil  will 
be  "mushy."    However  carefully  a  "mushy"  coil  mav 


be  clamijcd  up  and  treated  it  can  never  be  as  strong 
mechanically  as  one  more  solidly  constructed  of 
heavier  conductor.  More  care  is  therefore  involved 
in  winding  such  coils,  in  their  preparation  for  treat- 
ment and  in  their  handling  after  treatment,  during 
assembly.  The  cost  per  turn  per  coil  is  therefore 
higher,  as  is  also  the  cost  of  treatment  and  handling 
]jer  coil.  There  are  "Jl  percent  more  turns  in  a  com- 
plete delta  winding  than  in  a  star  winding,  and  an 
equivalent  larger  number  of  coils.  The  cost  of  the 
complete  winding  will  therefore  be  considerably  more 
for  the  delta  than  for  the  star  system. 

In  assembling,  each  coil  has  its  own  individual 
insulation ;  each  lead  must  be  tied  to  its  proper  posi- 
tion. The  coils  in  a  group  must  be  placed  in  position 
one  by  one  during  assembly  and  the  connections 
soldered.  There  are  therefore  more  operations  in  the 
assembly  of  a  delta  winding  than  in  that  of  a  star 
winding  and  the  coils  have  to  be  handled  with  more 
care.  The  cost  of  assembly  will  therefore  be  higher 
for  the  delta-connected  than  for  the  star-connected 
transformers. 

Since  the  conductor  to  be  insulated  is  smaller  in 
the  transformers  of  the  delta  group  than  in  those  of 
the  star  group,  the  insulation  will  occupy  relatively 
more  space  in  the  former,  with  the  result  that  the 
dimensions  of  the  transformers  for  delta  connection 
will  be  larger  and  they  will  require  more  active  ma- 
terial than  those  for  the  star  connection. 

A  transformer  designed  for  delta-star  connection 
is  less  costly  to  manufacture  than  one  designed  for 
delta-delta  connection.  The  high-tension  wiring  of  a 
group  of  star-connected  transformers  is  simpler  than 
that  for  a  group  of  delta-connected  units,  which  is  no 
inconsiderable  advantage  with  high  transmission 
voltages. 

rOSSIPILITlES    OF    DEVELOPMENT 

The  above  discussion  applies  to  present  standard 
practice.  Considered  from  the  point  of  view  of 
future  development,  the  advantage  is  all  with  the 
delta-star  and  star-delta  connections.  Thus,  for  ex- 
ample, the  worst  condition  of  stress  in  the  trans- 
formers arises  when  one  line  becomes  grounded.  The 
potential  diagrams  for  such  a  condition  are  given  in 
Figs.  II  and  12.  The  delta  group  has  a  maximum 
stress  varying  from  line  voltage  to  ^J.J  percent  of  the 
line  voltage ;  in  the  star  group  the  maximum  stress 
varies  from  line  voltage  down  to  57.7  percent  of  the 
line  voltage.  If  full  advantage  be  taken  of  this  differ- 
ence, the  cost  of  the  transformers  for  star  connection 
will  be  lowered  still  further.  \\"\\h  the  advantage  af- 
forded by  grounding  the  system  at  the  neutral  point, 
the  star-connected  group  may  be  inanufactured  at  a 
very  much  lower  cost  than  the  delta-connected  group. 

As  improvement  in  metliods  of  switching  will  en- 
able the  manufacturer  to  take  further  advantage  of 
the  lower  stress  to  which  the  star-connected  group  is 
subjected  under  operating  conditions,  considerable  de- 
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\L'Io]Mmnt  may  therefore  be  expected  in  this  direction 
in  the  future. 

I'AST   AND   PRESENT   PRACTICE 

In  \  iew  of  the  fact  that  the  largest  and  most  suc- 
cessful power  transmissions  in  America  are  operated 
with  delta-star  step-up  star-delta  step-down  trans- 
formers, and  that  several  among  them,  together  with 
a  large  number  of  smaller  power  companies,  have  been 
in  operation  for  a  considerable  length  of  time,  it  seems 
somewhat  superfluous  to  bring  up  arguments  in  sup- 
port of  this  method  of  connecting  transformers.  Fol- 
lowing is  a  list  of  power    transmissions    using    trans- 


It  will  be  evident  from  this  table  that  the  ad- 
vantages, of  the  delta-star  connection  are  recognized 
by  a  large  number  of  engineers ;  but  it  should  be  used 
universally  for  transmission  voltages  above  66cxx3 
volts  instead  of  in  a  little  more  than  50  percent  of  the 
cases  as  the  table  indicates. 

CONCLUSIONS 

For  transmission  voltages  below  44  000  volts, 
transformers  with  either  star  or  delta-connected  high- 
tension  windings  may  be  used;  the  delta  connection 
has  a  slight  advantage  due  to  its  greater  flexibility. 


TABLE   I— AMERICAN    POWER    COMPANIES   TRANSMITTING   AT   70  009  VOLTS  AND  ABOVE. 


NAME 


II    iJ 

1%      it- 

III    IH 

step-up  Tran> 


Step-down  TrsD." 


Pncifle  Light   &  Power  Co. 

\\\    Sable    Elec.    Co 

Southern   Sierras  Power  Co. 
Ctah  Power   &   Light   Co... . 


Pacific  Gas    &   Electric  Co. 


Tennessee  Power  Co 

Connecticut     River    Transmission    Co 

TnauHshiro   HytJro-Electric  ^ower   Co 

Grand   Rapids  Muskegon  Power  Co 

Landihanimer,    A.    G.    .... 

Ontario-Hydro-KIectric    Commission    

Geuigia    Ry.    &    Power    Co 

.Vlaltania    Interstate    Power    Co 

Mississipiii    River    Power    Co 

Mexican    X<U'tliern     Power     Co 

Lehish    Coal    and    Navigation    Co 

Ebro  Irrigation   «.\:   Power  Co.,   Ltd 

Chile    Kxploration    C-o 

Sierra-San    Francisco   Power    Co 

Yadkin    River    Power    Co.. 

Great  Falls  Water  Power  &  Townsite  Co... 

Central    Colorado    Power    Co 

Great    Western    Power    Co _ 

Southern    Power    Co - 

Shawinigan   Water    &   Power   Co 

Los    .\ngcles    .\<jueduet 

Tata    Hydroelectric    Co 

.Appalachian    Power    Co. 

Rio  .Janiero  Tramway,  Light  &  Power  Co.. 

Sao   Paulo   Flee.    Co .- 

Mexican  Light    &   Power  Co • 

Victoria  Falls  A:  Transvaal  Power  Co 

Toronto    Power    Co.    .._ - .- 

Katsura  Gawa   Denryoku   Kahushiki   Kaisha. 

Southern  California  Edison  Co 

Hidro-Hlectrica    Espanola    Molinar 

Pennsylvania  Water  &  Power  Co 
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140000 
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130000 
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to 

60 
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120000 

60 

115C00 

SO 

110000 

30 

110000 

50 

110000 

25 

110000 

60 

llOCOO 

60 

llOOOO 

25 

1 10000 

60 

110000 

23 

110000 

60 

llOCOO 

50 

lOlOO!) 

60 

100(00 

60 

102000 

60 

loooeo 

60 

100000 

60 

lOOOOO 

60 

100000 

60 

lOOOOO 

60 

looooo 

50 

88000 

60 

89000 

50 

S8O0O 

60 

85000 

30 

84000 

50 

85000 

25 

77000 

SO 

75000 

50 

70000 

80 

70000 

25 

S»500 
190CO 
8750 
42C0O 

25000 


1913 
1912 


1913 


15000 

1914 

3 

1*400 

1914 

3 

420CO 

1914 

9000 

1906 

l.WDO 

1911 

ic«s,;o 

1910 

50000 

1912 

4S000 

1913 

112500 

1913 

26000 

19H 

30000 

1914 

SOOOO 

1914 

4O0OO 

340OO 

1910 

24000 

1912 

21C00 

1910 

lOOOO 

1909 

50000 

1909 

75000 

1909 

45000 

1911 

225CO 

1914 

4O0OO 

1914 

20610 

1912 

48800 

1913 

SOOOO 

1914 

S8500 

1910 

40667 

1913 

80000 

1914 

22400 

1912 

20000 

19,>7 

22500 

1910 

3 
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1910 

8 

=  1 

as 

ill 

is.; 

Y 

A 
Y 

.i 

D. 
No 
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I  onnections 


A 
A 
A 
A 
Y 
A 
A 
A 
A 
A 
A 
A 
Y 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
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Y 
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Connections 

K  3 


D. 
No 
No 
No 
R 
R 
R 
U 
R 
R 

No 
No 
D. 
D. 
No 
No 
No 
R 
K 
D. 
No 
No 
No 
No 
D. 
R 
No 
R 
D. 
No 
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V 

A 

A 
A 
A 
A 
A 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
Y 
A 
A 
A 
Y 
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A 
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A 
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A 
A 
A 
A 
Y 
A 
A 
A 
A 
Y 
A 
A 
Y 
Y 
Y 
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Dist.  of 

transmission 

(miles) 


241 

24.i 
239 
135 


140 

80 
144 
35 
35 
90 
210 
).W 
144 
157 
24 
Ilk". 
86 
138 
96 
150 
152 
154 
210 
87 
47 
43 
75 
51 
56 
169 
30 
90 
48 
117 
158 
40 


formers  star-connected  on  the  high-tension  side  which 
have  been  in  operation  for  a  considerable  length  of 
time. 

C^iilarin  Power  Company 66  ooo  volts. 

Soullicrn  Power  Coinpany lOOOOO    " 

Ontario     Hvdroclectric     Power 

Commission'  no  ooo    " 

Table  I  gives  a  list  of  power  companies  transmit- 
ting at  70,000  volts  and  above :  23  of  the  2,7  use  trans- 
formers which  are  star-connected  on  the  high-tension 
side.  One  of  the  most  recent  is  the  large  power  de- 
velopment of  the  iMississippi  River  Power  Company, 
the  Keokuk  development  transmitting  power  at  no  000 
volts.  Perhaps  the  most  notable  of  recent  power  de- 
velopments is  that  of  the  Pacific  I-ight  &  Power 
Company,  transmitting  at  150000  volts,  which  em- 
ploys the  delta-star  connection. 


For  transmission  voltages  above  44000  volts,  trans- 
formers with  star-connected  high-tension  windings 
should  be  used. 

These  conclusions  are  based,  not  so  much  on 
theoretical  considerations  as  upon  the  results  of  actual 
experience  in  the  manufacture,  installation  and  opera- 
tion of  transformers  on  systems  employing  both  the 
delta-delta  and  delta-star  connections.  The  delta-star 
system  has  been  consistently  advocated  for  high  volt- 
age transmission  for  over  a  decade.  During  the  early 
part  of  the  history  of  the  electrical  industry,  at  a 
time  when  very  few  high  voltage  transmissions  ex- 
isted, this  attitude  was  subject  to  much  criticism,  but 
time  and  experience  have  provided  the  justification  of 
the  svsteni. 


Direct-Current  Motor  and  Generator  Diagrams 

R.  H.  Taber 

Power   Engineering  Department, 

Westinghouse  Electric  &  Mfg.    Company 

AXY  OXE  change  in  the  operation  of  a  direct-current  machine  of  necessity  brings  about  changes  in  de- 
pendent or  related  characteristics  and.  although  a  first  consideration  of  their  relations  would  indicate  a  hope- 
less number  of  permutations  of  conditions  in  the  machine  circuit,  it  witl  be  found  on  closer  analysis  that 
they  can  be  reduced  to  a  few  simple  groups  covering  practically  the  complete  range  of  direct-current  oper- 
ation. In  the  follo-jL'ing  article,  given  sets  of  conditions  are  selected  as  working  standards  and  on  that  basis 
a  thorough  study  is  made  of  the  direct-current  machine,  the  results  being  given  for  reference  in  tabular 
form,  together  with  the  corresponding  diagrams  of  connections.  .  This  data  should  serve  in  practice  exactly 
the  same  function  as  a  formula  for  common  use,  the  more  or  less  complicated  derivation  of  zMch  is  not 
necessarv  in  its  every  application. — Ed. 


IN  THE  INSTALLATION  and  operation  of  di- 
rect-current apparatus  minor  changes  are  often 
required  to  meet  altered  conditions  of  service; 
changes  from  a  motor  to  a  generator,  or  vice  versa; 
changes  in  direction  of  rotation,  or  changes  in  equal- 
izer or  main  bus  polarity.  These  alterations  usually 
affect  the  internal  connections  of  the  machine,  and 
this  discussion  illustrates  diagrammatically  such  modi- 
fications of  the  connections  between  the  different  parts 
of  the  electric  circuit  as  may  be  required  in  the  more 
common  instances. 

Operating   conditions   involving   such    alterations 
may  be  classified  as  changes  :— 

i_From  operation  of  the  machine  as  a  generator  (Stand- 
ard Figs.  3  and  li).  ■        .-a         . 
a— To  continue  as  a  generator  but  under  different  con- 
ditions of  rotation  or  polarity  (Figs.  4  to  10). 
b_To  operation  as  a  motor  (Figs.  12  to  27). 
2— From  operation  of  the  machine  as  a  motor  (Standard 
Figs.  28  and  -14"). 
a_To  continue  as  a  motor  but  under   different  condi- 
tions of  rotation  or  polarity  (Figs.  29  to  43). 
b_To  operation  as  a  generator  (Figs.  45  to  52). 
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FIC.    l_ni.\C.K.\M    l.\DlC.iLTIN-G   THE   P.\RTS   OF   THE   DIRECT-CURRENT 
MOTOR   OR    GF.N-ER.\T0R   CIRCUIT    WITHOUT   CONNECTIONS 

This  diagram  is  common  to  Figs.  3  to  52,  inclusive. 
The    principal    operating   conditions    involved    in 
such  changes  are  as  follows: — 

I — Main  terminal  or  bus  polarity. 

2 — Direction  of  rotation. 

3 — Series  and  equalizer  polarity. 

4_Directinn  in  which  the  field  excitation  builds  up. 

5— The  action  of  the  series  field— compounding  or  differ- 
ential. 
For  each  of  these  factors  there  are  only  two 
possible  conditions;  that  is,  two  directions  of  rotation, 
two  directions  of  shunt  field  current,  two  kinds  of 
terminal  or  equalizer  polarity,  and  either  compound  or 
differential  relation  between  the  shunt  and  series 
fields.  Therefore,  when  the  diagrams*  indicate  that 
the  polarity  or  arrangement  of  wiring  connections  for 
any  part  of  the  electric  circuit  is  the  same  after  as 


before  the  changes  made,  these  conditions  are  denoted 
as  standard  in  Table  I ;  if  these  conditions  are  dif- 
ferent, after  making  changes,  from  those  given  in  the 
standard  diagram,  they  will  be  indicated  in  the  table 
as  reversed. 

In  considering  the  figures  illustrating  the  above 
cases  the  following  points  should  be  observed : — 

I — The  diagram  in  Fig.  I  is  common  to  all  figures. 

2 — A  standard  method  of  indicating  reversal  of  connec- 
tions for  each  part  of  the  electric  circuit  is  employed 
as  shown  in  Fig.  2. 

3 — Direction  of  rotation  is  indicated  by  an  arrow  inside 
the  armature. 

4 — Direction  of  current  flow  in  field  coils  and  armature  is 
indicated  by  the  arrows  shown  adjacent  to  those  parts. 
The  direction  of  magnetization  corresponds  to  the 
direction  of  current  indicated  in  the  shunt  field. 

5 — .\  compounding  (additive)  relation  is  assumed  as 
standard  between  shunt  and  series  excitation  for  all 
figures.  Differential  action  is  indicated  by  the  re- 
versal of  one  or  other  of  the  arrows  (not  both)  repre- 
senting direction  of  excitation  of  shunt  and  series 
coils. 


*The  particular  diagram  adopted  as  a  staridard  is  entirely 
arbitrary.  Figures  made  up  for  comparison  with  one  standard 
would  necessarily  differ  from  those  made  up  for  comparison 
with  a  different  standard;  the  actual  change  in  wiring  however 
to  effect  any  specified  relation  between  the  five  factors  given 
above  would  be  the  same  whatever  diagram  is  adopted  as  a 
basis  of  comparison.  Table  I  is  therefore  suitable  for  gen- 
eral application. 


2 — UI.VGR.^MMATIC  INDICiTION   OF  REVERSAL  FOR  THE   DIFFER- 
ENT   PARTS    OF    THE    CIRCUIT 

Standard  for  all  figures  which  follow. 

6 — The  equalizer  is  located  in  all  the  diagrams,  between 
the  armature  and  series  field.  It  will  be  observed  that 
the  "long  shunt"  field  connection  has  been  indicated 
in  all  figures ;  for  "sliort  shunt"  connection,  move 
the  shunt  field  lead  now  attached  to  the  terminal  on 
the  line  side  of  the  series  field  to  the  point  at  which 
the  equalizer  is  connected ;  no  further  alteration  will 
be  needed. 

7 — The   standard  assumed  for  main  terminal  or  bus  po- 
larity is : 
a — Positive  for  the  generator  terminal  from  which  cur- 
rent flows  to  the  line, 
b — Positive    for   the   motor   terminal   to  which   current 
flows  from  the  line.* 

8 — Figs,  3.  II,  28  and  44  are  standard  diagrams  illustrating 
the  electric  circuit  relations  for  standard  opera- 
tion before  making  any  of  the  changes  specified  in 
their  respective  sections.  They  are.  therefore,  the 
standards  of  comparison  for  the  figures  immediately 
following,  all  of  which  are  drawn  up  to  indicate  the 
electric  circuit  relations  after  necessary  modifications 
have  been  made  in  the  standard  diagrams  to  suit  the 
altered  conditions  of  service  specified. 


*GeneralIy  speaking,  the  positive  terminal  is  always  the 
terminal  at  which  delivery  of  current  is  made  from  the  source 
of  supply  to  the  load,  and  similarly,  the  negative  terminal  that 
where  current  returns  from  the  load  to  the  source  of  supply. 
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EXCITATION  AND  TOLAKITV 

As  all  the  diagrams  for  generator  action  are 
made  up  for  self-excited  machines,  a  word  of  ex- 
planation and  of  emphasis  in  regard  to  the  method  of 
building  up  and  of  reversing  terminal  voltage  is  in- 
cluded. All  machines  have  a  certain  amount  of  mag- 
netism left  in  the  core  after  the  exciting  current  i? 
broken.  When  self-excited,  it  is  this  remanent  mag- 
netism which  enables  them  to  build  up  voltage  when 
starting  again  after  a  period  of  rest.  The  action  is 
cumulati\e :  that  is,  a  low  voltage  is  induced  in  the 
armature  by  the  remanent  flux,  sending  a  small  cur- 
rent through  the  field  when  its  circuit  is  closed.  The 
resulting  slight  addition  to  the  existing  magnetism  in- 
duces a  slightly  higher  voltage  and  so  on,  the  cycle 
being  repeated  until   full  voltage  is  reached. 


suljjccled  to  very  heavy  fluctuations.  When  facilities 
are  not  available  for  reflashing  after  such 'an  occur- 
rence, and  immediate  service  is  important,  temporary 
recoimection  of  armature  and  field  leads  may  be  em- 
ployed to  maintain  service.  Such  reconnection  is 
illustrated  in  Fig.  5  and  is  one  of  the  numerous  though 
less  common  applications  of  the  tabulation  given  in 
this  article. 

METHOD  OF  DERIVING  THE  DIAGRAMS 

In  explanation  of  the  method  for  deriving  the 
diagrams,  assume  the  condition  of  a  compound-wound 
generator  which  has  "bucked"  oflf  the  line  and  re- 
versed its  polarity.  Assume  also  that  it  is  desired  to 
parallel  the  machine  with  another  whose  equalizer 
lead  is  on  the  positive  side,  instead  of  the  negative 
which  is  standard.  Fig.  3.     Before  putting  it  back  in 
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Fig,  9 
FIGS.   3-10 — DIAGRAMS  CORRESPOXDIXG   TO   CASE    I   OF    T.\BLE    I 

Fig.  3  is  taken  as  the  standard  diagram  for  generator  operation:  that  is,  the  bus  polarity,  direction  of  rotation, 
equalizer  polarity,  direction  of  shunt  field  excitation  and  the  action  of  the  series  field  as  well  as  the  connections  for  each, 
are  regarded  as  standard:  and  where  any  one  of  these  conditions  or  connections  is  tabulated  as  "reversed"  in  the  table 
it  indicates  that  it  is  llie  opposite  of  that  for  the  standard  diagram. 

service  the  prime  mover  is  altered  as  well  and  its  di- 
rection of  rotation  reversed.  On  the  basis  that  the 
I^olarity  at  the  bus-bars  remains  unchanged  and 
further  that  the  machine  is  still  to  operate  compound 
wound  (std.),  determine  the  alteration  in  wiring  con- 
nections necessary  to  connect  the  machine  to  the  bas- 
ilars without  reflashing.  This  problem  is  illustrated 
by  comparing  Figs.  3  and  10  and  the  procedure  for  its 
solution  mav  be  outlined  as  follows: — • 


If,  on  the  other  hand,  it  is  desired  to  reverse  the 
polarity  of  the  machine  and  with  this  intention  the 
terminals  of  the  self-excited  shunt  fields  are  reversed. 
it  is  evident  that  the  voltage  which  is  generated  from 
the  remanent  flux  causes  a  current  to  flow  in  the  field 
coils  in  such  a  direction  as  to  tend  to  set  up  a  flux 
opposing  the  remanent  flux,  and  the  machine  cannot 
build  up.  Reversal  of  the  polarity  of  the  machine, 
therefore,  can  only  be  accomplished  by  "flashing," 
that  is,  by  externally  exciting  the  shunt  field  in  the 
opposite  direction  with  a  small  amount  of  current  and 
flashing  or  breaking  this  until  a  voltmeter  across  the 
terminals  indicates  that  the  machine  can  build  up  in 
the  oppo^ite  direction.  The  field  can  then  be  recon- 
nected for  self -excitation. 

Accidental  flashing  or  reversal  of  polarity  some- 
times occurs  when  the  field  or  load  circuit  is  suddenly 


I — Tabulate    the    five    primary    conditions    according    to 
which  the  machine  is  to  operate  after  making  the  change: 

a — Bus  polarity  Std. 

b — Direction  of  rotation Rev. 

c — Equalizer  polarity   Rev. 

d — Direction  of  excitation Rev. 

e — Series  field  action Cpd. 

2 — Lay  out  the  preliminary  diagram  shown  in  Fig.  I  and 

refer  to  Fig.  }  as  the  standard  for  generators. 
o — Mark  the  polarity  of  each  part  of  the  circuit  as  +  or  — 
in  accordance  witli  the  five  conditions  given  above. 
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a — For  standard  polarity,  the  I)U.s-l)ar  11,  (positive)  is 
at  left,  li-i  (negative)  at  the  right. 

b — The  rotation  is  reversed  : — therefore  the  arrow  in- 
side the  armature  is  opposite  to  that  of  Fig.  3. 

c — The  armature  polarity  is  determined  by  the  two 
factors,  direction  of  rotation  and  direction  of  ex- 
citation. Rever.sal  of  either  reverses  the  armature 
polarity,  while  reversal  of  both  does  not  atifcct  it. 
The  latter  is  the  condition  in  this  case: — therefore  A, 
and  A.  remain  as  in  Fig.  3 ;  viz.  positive  and  negative 
resperiivcly. 


between  the  armature  and  series  field  must  be  on  the 
positive  side  of  the  armature. 

c — Current  flows  from  the  machine  at  the  positive  bus- 
bar and  to  the  machine  at  the  negative. 
5 — Add  the  necessary  connections  to  complete  the  circuit 
between  the  sections  to  correspond  with  the  direction 
of  current  in  each. 

a — As  the  equalizer  is  positive  it  must  be  connected 
directly  to  tiie  positive  terminal  of  the  armature.  The 
armature  leads  must  therefore  lie  reversed. 

b — From  the  equalizer,  current  can  pass  directly  through 
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Fig.  14 
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Fig  16 
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Fig.  17 
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Fig,  20 
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Fig.  24 
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Fig.  26 
FIGS.    11-27 — DIAGR.\M    CORRF.S 

Fig.  II  is  the  standard  diagram  for  generator  operation 
this  case. 

4 — Indicate  the  direction  of  current  in  each  part  of  the 
circuit  b)'  an  arrow. 

a — In  the  armature  of  a  generator  the  current  flows 
from  the  negative  to  the  positive  terminal;  in  the 
armature  of  a  motor,  the  current  flows  from  the  posi- 
tive to  the  negative  terminal. 

b — As  the  direction  of  excitation  is  reversed  in  this 
case,  the  shunt-field  current  arrow  will  be   reversed. 

c — As  the  field  windings  are  connected  compound,  the 
series-field  current  arrow  will  also  be  reversed. 

d — As  the  equalizer  polarity  is  reversed,  the  connection 


Fig-  27 
PONDING   TO   CASE   H   OF  TABLE   I 

shown  in  Fig.  3  and  is  used  as  a  standard  for  the  figures  of 

the  series  field  as  indicated  by  the  series  field  current 
arrow-  previously  assigned, 
c — From  the  series  winding  the  connections  must  be  to 
the  positive  bus-bar,  thereby  reversing  the  main  leads. 
d — Direct  connection  through  the  shunt  field   from  the 
positive  terminal  of  the  machine  checks  with  the  di 
rection  of  the  arrow. 
All  the  conditions  specified  in  this  case  can  there- 
fore be  fulfilled  by  reversing  the  armature  leads  and 
bv  reversino;  the  main  terminal  connections. 
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USE  OK  TIIIC  TAIiLK  AND  DIAGRAMS 


COMMLTATINOPOLE    MACHINES 


The  above  method  of  procedure  was  emplojed  in  Commutating-pole   windings   have   been   omitted 

the  construction  of  each  of  the  accompanying  figures,  from  tlie  foregoing  for  simphfication.     In  all  commu- 

and  in  Table  I  are  tabulated  all  the  combinations  of  taling-pole  machines  the  armature  and  conmiutating- 

conditions  likely  to  be  met  with  in  practice.     Hav-  pole  windings  must  be  considered  as  a  unit.    The  re- 

ing  a  given  set  of  condit'ons  to  fulfill,  the  necessary  versal  of  one  necessarily  means  the  reversal  of  the 
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FIG.S.   28-43 — DIAGRAM   CORRESPONDING  TO  CASE   III  (a)    OF  TABLE   1 

Fig.  28  i.s  taken  as  the  standard  for  motor  operation  in  the  same   manner  as   Fig.  3  was   regarded  as   standard   for 
generators.     .■\ccordingIy  the  material  in  Table  I  referring  to  Figs.  28  to  43  refers  to  Fig.  28  as  the  basis  of  comparison. 

steps   in  using  the   tabulated   data  together   with   the      other.     Two  methods  for  accomplishing  this  reversal 
corresponding  figures,  are  as  follows  : —  are  possible : — 

I — When  the  armature  and  commutating  pole  windings 
are  adjacent  in  the  wiring  layout,  as  is  almost  in- 
variably the  case,  one  connection  between  the  arma- 


I — Determine  which  of  the  four  given  cases  covers  the 
one  in  question. 

2 — Refer  to  this  case  in  Table  I  and  locate  the  condi- 
tions to  be  met  by  the  change. 

3 — The  wiring  changes  required  are  those  specified  in 
the  last  four  columns  of  Table  I  in  the  same  horizon- 
tal line  with  these  conditions  and  the  number  at  tin- 
extreme  left  of  the  same  line  is  that  of  the  corre- 
sponding diagram  of  connections. 


ture  and  commutating  pole  windings  may  be  consid- 
ered as  fixed  under  all  conditions  (Fig.  54)  and  re- 
versal may  be  accomplished  by  interchanging  the  two 
outer  leads. 
2 — The  terminals  of  both  armature  and  commutating  pole 
windings  may  be  individually  reversed  (Fig.  55^ 
either  l)v 
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TABLE  I-SUMMARY  OF  WIRING  CHANGES  FOR  ALTERING  CONDITIONS  OF  SERVICE  IN  THE  OPERA- 
TION OF  DIRECT-CURRENT  GENERATORS  AND  MOTORS 


Case  I — Machine  operating  as  a  generator  before  change   (Standard  Diagram  Fig.  .3). 

crator  after  change,  but  under  new  conditions  specified. 


To  continue  operating  as  a  gen- 


CoNDiTioNS  OF  Operation 


Excitation' 


Std.  or       Compound     „.       ,  ^, 

Direction   Series  and    "Flashed"  or  Direction  Direction 

Fig.  Bus-Bar  ol  Equalizer  Fid.  Differential     of  Shunt  of  Series 

No.   Operation     Polarity     Rotation     Polarity      Polarity       Series  Fid.      Current  Current 

Std.  Std. 

Std.  Std. 

Rev.  Rer. 

R«v.  Rev. 

Std.  Std. 

Std.  Std. 

R«T.  Rev. 

Rev.  Rev. 


•3 

Gen. 

Std. 

4 

Gen. 

Std. 

S 

Gen. 

Std. 

6 

Gen. 

Std, 

7 

Gen. 

Std, 

» 

Gen. 

Std, 

9 

Gen. 

Std, 

10 

G«n. 

Std. 

sta. 

Std. 

Std. 

Opd. 

Std. 

Rev. 

Std. 

Cpd. 

Std. 

Std. 

Rev. 

Cpd. 

Std. 

Rev. 

Rev. 

Cpd, 

Rev. 

Std. 

Std. 

Cpd, 

Rev. 

Rev. 

Std. 

Cpd, 

Rev. 

Std. 

Rev. 

Cpd, 

Rev. 

Rev. 

Rev. 

Cpd, 

.  Wiring  Connections 

Shunt  Series 
Main  .Armature  Field  Field 
Leads       Leads       Leads       Leads 


Std. 
Rev. 

Std. 
Rev. 
Std. 
Rev. 
Std. 
Rev. 


Std. 
Rev. 

Rev. 
Std. 
Rev. 
Std. 
std. 
Rev. 


Std. 
Rev. 
Rev. 
St.l. 
Std. 
Rev. 
Rev. 
Std. 


Std. 
Rev. 
Rev. 
std. 

Std. 
Rev. 
Ktv. 

Std. 


Case  II — Machine  operating  as  a  generator  before  change  (Standard  Diagram  Fig.   11). 

change,  under  conditions  specified. 


To  operate  as  a  motor  after 


•11 
12 

13 
14 
IS 

la 

17 
18 


20 
21 
22 
23 
2i 
25 
2« 


Gen. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 

Mot. 

Mot. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 

Mot. 


Std. 
Std. 
Std. 
Std. 
Std. 
Std. 
Std. 
Std. 

Std. 

Std. 
Std. 
Std. 
Std. 
Std. 
Std. 
Std. 

Std. 


Std. 
Std. 
Std. 
Std. 
Std. 
Std. 
Std. 
Std. 

Std. 

Rev. 
Rev. 
Rev. 
Rev. 
Rev. 
Rev. 
Rev. 

Rev. 


Std. 
Std. 
Rev. 
Std. 
Rer. 
Std. 
Rev. 
Std. 

Rev. 

Std. 
Rev. 
Std. 
Rev. 
Std. 
Rev. 
Std. 

Rev. 


Std. 
Std. 
Std. 
Std. 
Std. 
Rev. 
Rev. 
Rev. 

Rev. 

Std. 
Std. 
Std. 
Std. 
Rev. 
Rev. 
Rev. 

Rev. 


Cpd. 
Cpd. 
Cpd. 
Diff. 
DiiT. 
Cpd. 
Cpd. 
Diff. 

DifT. 

Cpd. 
Cpd. 
Dlff. 
Diff. 
Cpd. 
Opd. 
Diff. 

Diff. 


Std. 
Std. 
Std. 
Std. 
Std. 
Rev. 
Rev. 
Rev. 

Rev. 

Std. 
Std. 
Std. 
Std. 
Rev. 
Rev. 
Rev. 

Rev. 


Std. 

Std. 

Std. 

Std. 

Std. 

Std. 

Std. 

Std. 

Std. 

Rev. 

Std. 

Rev. 

Rev. 

Rev. 

Std. 

Rev. 

Std. 

Std. 

Std. 

Std. 

Rev. 

Rev. 

Rev. 

Rev. 

Rev. 

Rev. 

Std. 

Rev. 

Rev. 

Std. 

Rev. 

Rev. 

Std. 

Std. 

Rev. 

Double  Rev. 

Std. 

Rev. 

Rev. 

Rev. 

—Std. 

Double  Rev. 

Rev. 

Std. 

StJ. 

Std. 

—Std. 

Std. 

Std. 

Rev. 

Std. 

Rev. 

Std. 

Rev. 

Std. 

Rev. 

Std. 

Rev. 

Std. 

Rev. 

Std. 

>td. 

Rev. 

Rev. 

Std. 

Rev. 

Rev. 

Rev. 

Std. 

Std. 

Rev. 

Std. 

Rev. 

Rev. 

Rev. 

Std. 

R*v. 

Double  Rev. 

Std. 

Std. 

R?v. 

Rev. 

—Std. 

Double  Rev. 

Rev. 

Rev. 

Std. 

Std. 

-.Std. 

Case  III  (a)- 


-Machine  operating  as  a  compound  wound  motor  before  change  (Standard  Diagram  Fig.  28). 
operating  as  a  motor  after  change,  but  under   new  conditions  specified. 


To  continue 


30 
31 
32 

33 
34 

^ 

38 
37 
38 
39 
40 
« 
42 

43 


Mot. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 

Mot. 

Mot. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 
Mot. 

Mot. 


Std. 
Std. 
Std. 
Std. 
Std. 
Std. 
Std. 

Std. 

Std. 
Std. 
Std. 
Std. 
Std. 
Std. 
Std. 

Std. 


Std. 
Std. 
Std. 
Std. 
Std. 
Std. 
Std. 

Std. 

Rev. 
Rev. 
Rev. 
Rev. 
Rer. 
Rev. 
Rev. 

Rev. 


Std. 
Rev. 
Std. 
Rev. 
Std. 
Rev. 
Std. 

Rev. 

Std. 
Rev. 
Std. 
Rev. 
Std. 
Rev. 
Std. 

Rev. 


Std. 
Std. 
Std. 
Std. 
Rev. 
Rev. 
Rev, 

Rev. 

Std. 
Std. 
Std. 
Std. 
Rev. 
Rev. 
Rev. 

Rev. 


Cpd. 
Cp3. 

Diff. 
Diff. 
Cpd. 
Cpd. 

Diff. 

Diff. 

CpJ. 
Cpd. 
Diff. 

Diff. 
Cpd. 
Cpd. 
Diff. 

Diff. 


Std. 
Std. 
Std. 
Std. 
Rev. 
Rev. 
Rev. 

Rev. 

Std. 
Std. 
Std. 
Std. 
Rev. 
Rev. 
Rev. 

Rev. 


Std. 

Std. 

Rev. 

Rev. 

Rev. 

Rev. 
Double  Rev. 

—Std. 

Double  Rev. 

—Std. 

Std. 

Std. 

Rev. 

Rev. 

Rev. 

Rpv. 
Double  Rev. 

—Std. 

Double  Rev. 

—Std. 


Std. 
Rev. 
Std. 
Rev. 
Std. 
Rev. 
Std. 

Rev. 

Std. 
Rev. 
Std. 
Rev. 

Std. 
Rev. 
Std. 

Rev. 


Std. 
Rev. 
Std. 
Rev. 
Rev. 
Std. 
Rev. 

Std. 

Rev. 
Std. 
Rev. 
Std. 
Std. 
Rev. 
Std. 

Rev. 


Std. 
Rev. 
Std. 
Rev. 
Rev. 
Std. 
Rev. 

Stl. 

St  1. 
Kev. 
Std. 
Rev. 
Rev. 
Std. 
Rev. 

Std. 


Case  III  (b)- 


-Machine  operating  as  a  differentially  wound  motor  before  change.     To  continue  operating  a? 
after  change,  but  under  new  conditions  specified. 


std. 
Rev. 
Rev. 
Std. 
Rev. 
Std. 
Std. 

Rev. 

Std. 
Rev. 
Rer. 
Std. 
Rev. 
Std. 
Std. 

Rev. 


a  motor 


This  case  is  same  as  Case  III   (a)  except: — 

(a)  Under  "Direction  of  Series  Current"  where  "Std."  is  specified  substitute  "Rev."  and  vice  versa.  Figs.  20-43. 

(b)  Under    "Series    Field    Leads"    where    "Std."    is  specified,  substitute  "Rev."  and  vice  versa.  Figs.  29-43. 

(c)  Under  "Compound  or  Differential  Series  Field,"  substitute  "Diff."  in  standard  diagram.  Fig.  28. 


Case  IV   (a)— Machine  operating  as  compound  wound  motor  before  change  (Standard  Diagram  Fig.  44V    To  operate 

as  a  generator  after  change  under  conditions  specified. 


•44 

Mot. 

Std. 

Std. 

Std. 

Std. 

Cpd. 

Std. 

Std. 

Std. 

St.i. 

^t.i. 

Std. 

45 

Gen. 

Std. 

Std. 

Std. 

std. 

Cpd. 

Std. 

Std. 

Std. 

Std. 

Std. 

R?v. 

46 

Gen. 

Std. 

Std. 

Rev. 

Std. 

Cpd. 

Std. 

Std. 

Rev. 

Rev. 

Rev. 

Std. 

47 

Gen. 

Std. 

Std. 

Std. 

Rev. 

Cpd. 

Rev. 

Rev. 

Std. 

Rev. 

Rev. 

Std. 

48 

Gen. 

Std. 

Std. 

Rev. 

Rev. 

Cpd. 

Rev. 

Rev. 

Rev. 

Std. 

Std. 

Rev. 

49 

Gen. 

Std. 

Bev. 

Std. 

Std. 

Cpd. 

Std. 

Std. 

Std. 

Rev. 

Std. 

50 

Gen. 

Std. 

Eev. 

Rev. 

Std. 

Cpd. 

Std. 

Std. 

Rev. 

Std. 

Rev. 

Std. 

51 

Gen. 

Std. 

Rev. 

Std. 

Rev. 

Cpd. 

Rev. 

Rev. 

Std. 

Std. 

Rev. 

92 

Gen. 

Std. 

Rev. 

Rev. 

Rev. 

Cpd. 

Rev. 

Rev. 

Rev. 

Rev. 

Std. 

Rev. 

Case  IV    (b) — Machine  operating  as  a  differentially  zcound  motor  before   change. 

change,  under  conditions  specified. 


To  operate   as  a  generator  after 


This  case  is  same  as  Case  IV  (at  except:—  . 

(a)  Under  "Direction  of  Series  Current"  where  "Std. is  specified,  substitute  "Rev."  and  vice  versa   Figs.  45-52. 

(b)  Under    "Series    Field    Leads"    where    "Std."    is  specified,  substitute  "Rev."  and  vice  versa.  Figs.  45-52. 

(c)  Under  "Compound  or  Differential  Series  Field,'  substitute  "Diff."  in  standard  diagram.  Fig.  44. 


•Standard  diagrams  for  basis  of  comparison,  showing  wiring  connections  before    changes  arc  made  to  alter  the  conditions  of  operation. 
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a — Actual  imcrchange  of  leads  for  both  armature  and 

commutating  pole  windings,  or 
b — Rocking  the  brushes  one  pole  in  either  direction  for 

armature  reversal  and  interchanging  the  leads  of  the 

commutating  pole  winding  only. 

Of  the  two  methods,  selection  will  be  largely  de- 
termined by, two  factors: — 

Series  field  polarity. 

Mechanical  construction  of  the  machine. 

As  indicated  in  Figs.  54  and  55  the  first  distinc- 
tion between  the  two  methods  described  above  is  that 
for   the   first   case   the   commutating-pole   winding   is 


spect  to  the  individual  reversal  of  both  armature  and 
commutating  pole  windings,  mechanical  conditions  in 
certain  types  of  machines  prevent  rocking  the  brushes 
a  complete  pole  pitch ;  reversal  of  the  leads  in  each 
set  must  therefore  be  effected  by  actual  interchange  of 
the  leads. 

As  an  example  of  the  manner  of  making  the  dia- 
grams applicable  to  commutating-pole  machines,  con- 
sider the  same  illustration  used  in  explaining  the  con- 
struction  of   the   diagrams    (Fig.    10).      Changes    in- 
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FIGS.  44-52 — DI.\GR.\MS  CORRESPONDING  TO  CASE  lv(a)    OF  T.\ELE  I 

Fig.  44  is  the  same  as  Fig.  28  and  is  used  in  this  case  also  as  the  basis  of  reference. 

changed  to  the  opposite  side  of  the  armature  from  the  volved  in  that  instance  were  reversal  of  main  leads 
series-field  winding,  while  for  the  second  case  the  and  reversal  of  armature  leads.  In  order  that  the 
commutating-pole  winding  still  remains  on  the  same  series  and  commutating  pole  windings  may  be  on  the 
side  of  tlie  armature  as  the  series.  This  feature  is  of 
considerable  importance.  Due  to  the  fact  that  the 
mechanical  clearance  between  the  series  and  commu- 
tating pole  coils  is  often  extremely  small,  it  is  always 
preferable  to  locate  both  these  windings  on  the  same 
side  of  the  armature.  Under  this  condition  the  diff- 
erence of  potential  between  them  is  only  a  few  volts. 
If  located  on  opposite  sides  of  the  armature,  the 
maximum  potential  of  the  machine  exists  between  the 
coils  and  accidental  contact  would  be  equivalent  to  a 
short-circuit,  with  disastrous  results.  In  many  cases 
therefore  the  equalizer  polarity,  by  fixing  the  polarity 
of  the  series  winding,  also  determines  which  of  the 
two  methods  for  reversal  of  the  armature  and  com- 
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FIGS.   53-55 — DI.\GR.\MS    I.N'DIC.VTIXG    THE   ST.\ND.\RD   COXXECTIOXS 
FOR    .\RM.\TURE    .\XD    COMML"T.\TIXG    POLE     FIELD 

Showing  the  two  methods  of  reversing  the  two  as  a  unit. 


same  side  of  the  armature,  it  is  essential  that  the  sec- 
ond method  of  reversal  for  armature  and  conimutat- 
mutating  pole  windings  shall  be  employed.     With  re-      ing  pole  windings  (Fig.  55)  be  employed. 


Opportunities  for  Engineers  in  Sales  Work 


S.  L.  Nicholson 

Sales  Manager, 

Westinghouse  Electric  &  Mfg.  Company 


VARIOUS  classes  of  engineering  services  are 
required  by  a  large  electric  manufacturing 
company.  The  research  engineer  delves  into 
compositions  of  materials  and  theoretical  considera- 
tions and  must  be  of  an  analytical  turn  of  mind.  The 
designing  engineer  must  be  aljle  to  design  apparatus 
and  supplies  to  meet  certain  definite  requirements  at 
a  minimum  cost ;  that  is,  he  must  be  able  to  design  ap- 
paratus which  can  be  sold  at  the  regular  market  price 
and  at  a  profit  for  the  company.  Engineers  are  also 
required  for  testing  and  supervising  the  erection  of 
apparatus. 

A  comparatively  new  type  of  engineering  pre- 
sents just  now  a  greater  field  of  opportunity  than  al- 
most any  other;  viz.,  the  field  of.  application  engineer- 
ing. The  field  of  activity  is  almost  unlimited,  as  it 
has  to  do  with  the  application  and  uses  of  electricity 
in  connection  with  practically  all  the  ramifications  of 
industry.  The  application  engineer  should  have  a 
knowledge  of  both  electrical  and  mechanical  engin- 
eering; he  must  understand  what  results  arc  obtain- 
able. He  must  be  proficient  in  sales  work  from  the 
standpoint  of  understanding  commercial  conditions. 
He  must  be  responsible  (considering  one  phase  of  the 
work)  for  the  electrical  development  and  laying  out 
of  power  houses,  transmission  lines  and  railway  work. 
He  must  be  able  to  co-operate  with  the  other  engi- 
neers in  making  up  plans  and  estimates  of  specific 
layouts  and  he  must  also  be  sufficiently  commercial  to 
interest  bankers  in  his  new  projects.  In  another  type 
of  application  engineering  the  engineer  is  responsible 
for  the  development  of  an  industry,  and  in  this  case  he 
must  be  also  a  process  engineer ;  he  must  understand 
factory  methods  and  be  able  to  propose  improvements 
by  the  use  of  electric  power ;  he  must  be  able  to  apply 
existing  apparatus  to  the  field  conditions  in  such  a 
manner  as  to  produce  a  profit  for  the  in\estor. 

Another  class  of  engineering  is  taken  care  of  by 
the  consulting  engineer  who  must  have  a  broad  ex- 
perience and  should  be  an  application  engineer  as  well 
as  somewhat  of  a  designing  engineer. 

In  order  to  apply  engineering  to  sales  work  so 
that  the  relation  between  the  two  may  be  understood 
readily  it  will  be  well  to  outline  the  various  classes  of 
men  engaged  in  an  electric  sales  organization.  The 
negotiation  salesman  is  found  largely  in  the  central 
station  or  railway  work.  He  has  perhaps  compara- 
tively little  knowledge  of  pure  engineering  theory 
(his  plans  can  be  worked  up  in  detail  by  the  applica- 
tion or  designing  engineer),  but  he  must  be  of  the 
promoter  type,  that  is,  he  should  be  able  to  see  oppor- 
tunities for  development  in  water-power  sites,  etc. 
Piearing  in  mind  the  communitv  needs,  he  should  be 


able  to  interest  the  bankers  so  that  the  undertaking 
can  be  properly  financed,  and  he  must  be  able  to 
translate  engineering  terms  into  the  language  which 
non-technical  men  can  understand.  The  old  method 
of  selling,  via  the  stomach,  has  given  away  to  service 
selling  by  the  promoting  engineer. 

The  electrical  engineering  salesman  who  is  found 
in  the  railway,  lighting  and  supply  departments,  must 
know  the  design  of  his  apparatus  in  such  a  way  as  to 
be  able  to  present  to  the  customer  the  best  arrange- 
ment of  apparatus  to  suit  his  needs. 

The  application  salesman  is  found  principally  in 
industrial  and  jjower  work,  and  to  a  lesser  degree  in 
the  illumination  and  railway  fields. 

The  merchandising  salesman  has  to  do  almost  en- 
tirely with  the  merchandising  of  commodities  through 
dealers,  jobbers,  etc.  He  must  be  familiar  with  jjrice 
situations  and  methods  of  distribution  and  must  be 
able  to  create  a  demand  for  his  product.  His  wari< 
consists  largely  in  creative  salesmanship. 

It  will  perhaps  be  advisable  to  outline  some  of 
the  functions  of  the  sales  department.  First,  is  th^ 
laying  out  of  new  central  station  plants  and  railway 
systems,  which  is  a  function  of  the  negotiation  and 
electrical  engineering  salesman.  Consideration  must 
be  given  to  the  capacity  of  stations,  the  size  of  gen- 
erators, the  re([uirements  of  transmission  lines,  and 
the  conditions  in  railway  service.  This  work  requires 
a  great  deal  of  co-operation  with  consulting  engineers. 
Next,  is  the  revamping  of  old  plants,  in  which  the 
application  engineer  studies  how  to  use  the  latest  de- 
vices to  increase  output  or  to  economize  in  operation 
so  as  to  increase  earning  capacity.  He  must  make 
friends  and  be  able  to  create  confidence  by  getting  in- 
to close  touch  with  the  customer. 

The  application  of  motors  to  various  industries 
requires  a  high  type  of  engineering  and  provides  a 
wide  field  of  opportunity.  iMotors  are  sold  for  complete 
plants  to  increase  output,  to  reduce  cost  or  to  better  the 
product.  To  determine  how  to  do  these  things  is  the 
study  of  the  process  application  engineering  salesman. 
There  must  also  be  an  outlet  for  apparatus  through 
the  re-sale  trade,  such  as  to  machine-tool  builders,  and 
the  manufacturers  of  centrifugal  pumps,  elevators, 
etc.,  who  purchase  motors  to  be  sold  again.  Since 
these  buyers  are  mechanical  rather  than  electrical  en- 
gineers, the  salesman  must  be  both  an  electrical  and 
mechanical  engineer.  Ten  years  ago  the  tool  builders 
fought  electric  drive.  Electrical  salesmen  showed  that 
by  strengthening  the  tool  rest  of  an  i8  inch  lathe  and 
applying  an  adjustable  speed  motor,  the  lathe  could  be 
sold  for  a  higher  price  by  basing  the  guarantees  on  the 
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aiiKiunt  of  nielal  that  cuuld  be  cut  in  a  given  lime. 
Tile  wide  range  of  speed  control  of  electric  motors  be- 
came an  important  factor  in  enabling  efficient  use  of 
high  speed  tool  steel  to  be  made.  It  became  necessary 
to  study  torque  cnnditions  in  order  to  determine  the 
proper  motor  to  appl\.  I'or  example,  in  raising  the 
head  of  a  boring  mill,  where  formerly  a  two  horse- 
power motur  was  used,  a  three-quarter  horse-power 
motor  is  now  furnished  and  300  percent  full-load  tor- 
que is  required  for  short  intervals  of  operation.  The 
activity  of  these  men  in  a[)plying  electrical  equipment 
to  complete  plants  and  to  the  re-sale  trade  results  in 
increasing  the  central  station  loads. 

The  services  of  a  few  electrical  engineering  sales- 
men are  rec|uired  in  the  sale  of  transformers,  regula- 
tors, reactance  coils,  meters,  etc.,  to  central  stations. 
Switchboard  engineers,  located  in  the  larger  sales 
ottices,  design  switchboards  for  specific  cases  out  in 
the  tield  and  send  the  specifications  to  the  factory. 
Other  salesmen  study  conditions  for  the  application 
of  heating  devices  for  various  industrial  purposes. 

The  necessary  qualifications  of  an  application  en- 
gineering salesman  may  be  briefly  indicated.  I  Ic  must 
be  able  to  analyze  conditions  carefully  from  an  en- 
gineering and  economic  standpoint  ami  draw  conclu- 
sions therefrom.  In  connection  with  the  activities  of 
the  present  application  salemen,  more  mistakes  are 
made  on  the  mechanical  side  than  on  the  electrical 
side.  In  applying  motors  it  is  necessary  to  decide 
whether  they  should  be  connected  by  belt,  gear  or 
chain  to  the  device  which  they  are  to  run,  to  deter- 
mine the  number  of  bearings  needed,  etc.  The  sales- 
man must  be  able  to  analyze  and  draw  conclusions  so 
as  to  be  able  to  present  his  case  to  the  designing 
engineer  in  a  clear  concise  manner,  including  details, 
so  that  the  engineer  will  not  have  to  go  back  for  fur- 
ther information,  lie  must  also  be  able  to  present  his 
case  in  a  way  that  will  be  understood  by  the  customer. 
He  must  not  tell  the  textile  man  that  his  motor  has 
high  torque,  but  rather  that  it  will  throw  the  shuttle 
clear  across  at  the  first  crack.  In  other  words,  he 
must  translate  electrical  engineering  jargon  into  ordi- 
nary textile  mill  English.  He  must  have  what  the 
large  majority  of  men  lack,  initiative.  He  must  be 
able  to  see  openings  for  electric  motors  in  new  fields 
and  analyze  them.  For  example,  he  must  analyze  a 
cement  mill  to  find  out  whether  electric  motors  can 
be  installed,  and  how,  together  with  all  the  details,  and 
be  able  to  determine  whether  the  output  can  be  in- 
creased, quality  bettered  and  cost  reduced ;  and  must 
then  find  ways  and  means  of  getting  the  message  to 
Garcia. 

There  are  certain  fundamental  essentials  for 
every   salesman.     He  must  be  very   enthusiastic  and 


never  discouraged.  He  must  have  confidence  in  him- 
self, in  his  product,  and  in  his  Company.  Some  sales- 
men who  think  they  know  it  all  have  proven  weak- 
kneed  when  they  strike  a  difficulty.  The  salesman 
nnist  know  how  to  present  himself  and  his  product. 
He  must  know  how  to  get  the  signature  at  the  psycho- 
logical moment. 

I  ha\e  observed  numerous  college  graduates  and 
rind  that  a  great  many  of  them  are  not  very  much 
good  at  first.  The  student  should  be  awakened  to 
an  interest  in  his  subject,  and  should  also  become 
interested  in  doing  something  outside  of  the  class 
rtxini  which  requires  individual  initiative.  For  ex- 
anii)le,  he  should  be  required  to  write  a  report  on 
what  is  being  done  with  respect  to  the  application  of 
motors  to  certain  industries  in  the  neighboring  terri- 
tory. The  student  should  obtain  a  good  foundation 
in  fundamentals  and  be  a  good  mathematician.  Most 
students  are  being  trained  for  the  purpose  of  making  a 
living.  They  should  be  shown  how  a  certain  formula 
is  useful,  for  example,  in  building  this  or  that  kind 
of  a  bridge,  thus  awakening  practical  interest.  They 
should  use  a  slide  rule.  .V  man  should  go  to  collegfe 
to  get  the  right  brain  kinks,  to  think  rightly  and  to 
reap  the  benefit  of  mixing  with  his  fellowmen,  as  well 
as  to  acquire  knowledge.  The  student  should  develop 
a  keen  sense  of  analysis  and  know  how  to  express 
himself  on  his  feet  and  to  say  what  he  thinks.  He 
should  be  made  to  understand  that,  unless  he  can  im- 
pro\e  conditions,  his  work  will  be  for  nought.  To 
improve  industrial  methods  or  conditions  should  be 
his  mission  in  life. 

To  know  how  to  think  gives  the  right  results  in 
the  long  run.  Of  two  boys,  start  one  to  college  and 
one  to  work.  The  latter  will  get  better  pay  at  22 
years  of  age  and  can  get  results.  He  has  mixed  with 
laboring  men  but  he  does  not  know  society  nor  how- 
to  iiresent  himself  to  a  president  or  manager.  At  35 
the  shop  man  has  usually  reached  his  limit:  the  other 
man  passes  him  because  he  knows  how  to  think. 

College  professors  should  study  the  various  fields 
in  which  mechanical  and  electrical  engineers  should 
be  located,  so  that  they  can  give  proper  advice  to  their 
students.  They  should  get  outside  men  to  come  to  the 
the  college  and  discuss  the  fields  of  the  future.  In- 
stead of  merely  hearing  the  boys  recite  they  should 
get  into  human  relations  with  them.  Psychologists 
should  sort  the  freshman  on  coming  to  school.  The 
teachers  should  then  get  at  the  souls  of  the  students 
and  attempt  to  build  men  rather  than  to  cram  brains. 
I  have  a  great  admiration  for  teachers,  as  there  is  no 
calling  so  great  as  that  of  building  men. 


The   Engineering  Evolution  of  Electrical 
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THE  EVOLUTION  OF  THE  TRANSFORMER 

J.  S.  Peck 

Consulting  Electrical  Engineer, 

The  British  Westinghouse  Electrical  &  Mfg.  Company,  Ltd. 

THE  WRITER'S  EXPERIENCE  dates  back  to  1893,  when  as  a  student  from  college  he  began  the 
study  of  transformer  design  in  the  laboratory  of  the  old  Westinghouse  shops  in  Garrison  Alley,  Pitts- 
burgh. At  this  time  the  general  theory  of  transformer  design  was  well  known  to  a  few  Westinghouse 
engineers  zfho,  under  the  guidance  of  Mr.  Chas.  F.  Scott,  the  electrician  of  the  Company,  had  worked 
out  curfcs  giving  losses  in  steel  at  various  inductions  and  frequencies,  who  had  deivloped  formulae  for 
determining  the  reactive  e.m.f.  and  regulation  at  various  power-factors,  and  who  appreciated  that  pre- 
cautions were  necessary  in  order  to  prevent  eddy  currents  in  the  conductors.  With  this  knowledge  avail- 
able it  is  not  strange  that  there  are  practically  none  of  these  "freak"  designs  to  describe,  which  are 
usually  left  along  the  paths  of  progress  to  indicate  in  spectacular  manner  the  state  of  the  art  at  dif- 
ferent periods.  Great  progress  has  been  made,  but  the  development  has  been  a  gradual  one,  due  far  more 
to  improvements  in  materials  and  in  mechanical  construction,  and  to  increased  knowledge  of  high  voltage 
phenomena,  than   to   radical   changes  in    electrical   design. 

TRANSFORMERS   were  first  used   in  America  large  amount  of  scrap  in  punching.    To  overcome  this 

for  supplying  lights,   and  in   1893   the  largest  difficulty   Mr.   Scott  had  designed,  about   1892,  what 

standard   size   manufactured   by   the   Westing-  was  called  the  E  plate  which  could  be  punched  with 

house  Company  was  634  kilowatts,  known  as  the  125  practically    no    scrap.      This    design    was    used    as    a 

lighter  or  the  No.  25,  and  it  was  about  this  time  that  standard  for  many  years,  and  its  introduction  made 

the   rating  of  transformers  began  to  be  specified  in  an  enormous  saving  in  the  cost  for  steel.    In  punching 


kilowatts.  It  is  of  interest  here  to  note  that  at  this 
period  of  the  development  the  foreman  of  the  winding 
department  could  give  from  memorj-  the  total  turns, 
layers  and  turns  per  layer  in  primary-  and  secondary 


the  discs  for  armatures  from  square  plates,  the  corners 
were  thrown  away.  Here  Mr.  Scott  proposed  an  F 
plate  designed  to  use  these  comers  to  the  greatest  pos- 
sible extent.  But  this  scheme  did  not  come  into  gen- 
eral use  as  the  quality  and  thickness  of  the  armature 
steel   was  not   always  the   same   as  that   required   for 


a 
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FIG.    I — FIRST    TRANSFORMER   BUILT    IN    THIS    COUNTRY 

Constructed  by  Wm.  Stanley,  at  Great  Barrington.  Mass. 

windings  of  ever)-  transformer  ever  built  by  the  Com- 
pany, and  could  also  describe  in  detail  how  each  trans- 
former was  insulated.  There  were  a  few  standard 
sizes  of  punchings,  and  the  designer  would  work  out 
the  size  of  wire  and  number  of  turns,  and  leave  the 
question  of  insulation  to  the  foreman.  Needless  to 
say,  there  were  frequent  and  emphatic  dift'erences  of 
opinion  as  to  the  amount  of  wire  which  could  be 
placed  in  a  given  opening. 

SHAPE   OF    PUNCHINGS 

In  the  original  Westinghouse  transformer  a 
punching  known  as  the  B  type  was  used.  This  was  of 
the  form  shown  in  Fig.  2,  and  obviously  involved  a 


FIG.   2 — OUTLINE    OF   B.   E.   F   AND   I    TR.\NSFORMER    PLATES 

transformers,  and  magnetic  difficulties  were  encoun- 
tered when  the  short  arms  of  the  plate  did  not  butt 
closely.  Plates  of  L  shape  were  also  used,  but  all 
types  have  been  superseded  except  for  small  or  spe- 
cial designs  by  the  simple  I  plate. 

QU.aiLITY  OF  STEEL 

From  the  earliest  days  of  transformer  manufac- 
ture the  question  of  the  quality  and  treatment  of  the 
steel  punchings  was  a  serious  one.  The  best  thickness 
of  plate,  the  proper  chemical  analysis  and  heat  treat- 
ment, and  the  best  method  of  insulating  the  lamina- 
tions were  all  matters  to  be  decided.  About  1893  or 
1894  the  matter  was  receiving  most  careful  study  by 
the  \\'estinghouse  engineers.  Chemical  analysis  was 
naturally  one  of  the  first  characteristics  to  be  investi- 
gated. A  sample  of  steel  which  gave  excellent  re- 
sults as  to  losses  was  analyzed  and  steel  purchased 
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according  to  tliis  specification.  The  results  were  con- 
flicting and  confusing,  and  after  an  immense  amount 
of  work  it  was  decided  that  there  were  other  unknown 
factors  of  even  more  importance.    -VnneaHng  was  tried 


FIG.    3 — 100    KW    NI.\G.\R.\    FALLS    TRANSFORMER 

One  of  the  first  water-cooled  transformers  built. 

under  all  kinds  of  conditions,  slow  heating  and  rapid 
heating,  slow  cooling  and  rapid  cooling,  long  heating 
and  short  heating,  and  even  magnetizing  the  iron  while 
undergoing  the  treatment.  Many  times  the  investiga- 
tors felt  sure  they  had  solved  the  problem,  but  the 
quality  of  the  steel  showed  in  general  little  improve- 
m.ent.  At  one  time  it  was  thought  that  Bessemer 
steel  of  a  certain  analysis,  treated  in  a  certain  manner, 
offered  the  solution,  but  it  was  soon  found  that  this 
material  aged  rapidly  after  being  put  into  service,  and 
a  long  series  of  investigations  was  undertaken  in  con- 
nection with  the  aging  problem.  For  a  long  time  test 
samples  were  taken  from  practically  every  shipment 
of  steel  received  and  subjected  to  long  time  aging 
tests  in  addition  to  the  usual  tests  for  losses.  It  was 
soon  found  that  aging  was  due  to  temperature  and 
not  to  magnetic  action  and  that  some  materials  were 
practically  constant  at  the  maximum  working  temper- 


tion  was  reached,  until  the  discovery  of  the  so-calleJ 
alloy  steel,  and  even  today  there  is  sufficient  variation 
in  quality  to  indicate  that  finality  has  not  been  reached. 
In  1893  the  success  of  the  San  Bernardino  10000 
volt  transformers  and  the  proposed  electrical  develop- 
ment at  Niagara  Falls  made  it  evident  that  transfornt>- 
ers  for  higher  voltages  and  larger  capacities  than  any 
built  before  would  soon  be  required,  and  soon  after 
this  date  it  was  decided  to  build  an  experimental  trans- 
former of  a  size  much  larger  than  any  attempted  be- 
fore, viz.,  100  kilowatts.  The  advantages  of  oil,  both 
as  a  cooling  and  an  insulating  medium,  were  fully  rec- 
ognized, and  it  was  decided  to  make  this  transformer 
oil  cooled,  and  as  it  was  not  considered  feasible  to 
make  a  transformer  of  this  size  self-cooling,  it  was 
decided  to  put  it  in  a  boiler  iron  case  and  cool  it  by 
circulating  water.  It  is  believed  that  this  was  the  first 
transformer  of  this  now  well  known  type.  The  tests 
were  very  satisfactory  and  a  large  amount  of  very 
valuable  information  was  obtained. 

INSULATION-  I 

With  the  advent  of  the  larger  transformer  wound' 
for  higher  voltages  than  those  in  common  use,  it  wa=. 


FIG.    4 — EARLY    SHELL -TYPE    TR.\NSFORMER 

ature,  while  others  would  age  if  left  in  the  warm  fur- 
nace room.  An  immense  amount  of  time  and  money 
was  spent  in  searching  for  the  method  of  producing 
the  best  grade  of  steel,  but  no  very  satisfactory  solu- 


FIG.    5 — ORIGINAL   TYPE  OF  TANK    FOR'  OIL  IXSULATED,   SELF-COOLEF> 
TRANSFORMERS 

obvious  that  the  question  of  insulation  could  no  longer 
be  left  to  the  shop  but  that  it  must  be  worked  out  and 
specified  with  as  great  care  as  was  the  purely  electrical 
design.  As  little  or  nothing  was  known  as  to  the 
insulating  properties  of  most  of  the  materials  avail- 
able, especially  at  high  voltages,  it  was  necessary'  to 
begin  investigation  along  these  lines,  and  thus  the 
"Insulation  Expert"  was  started  on  his  career.  The 
explorations  in  this  almost  unknown  field  were  en- 
trusted to  Mr.  C.  E.  Skinner,  who  was  ably  assisted  by 
Mr.  P.  H.  Thomas,  and  the  subject  of  transformer 
insulation  soon  began  to  take  on  a  scientific  form,  in 
fact  so  "scientitic"  did  the  insulation  specifications  be- 
come that  great  difficulty  was  found  in  getting  the 
"shop"  to  follow  them.  \\'hile  this  difficulty  may  ex-st 
to-day  in  a  minor  degree,  simplification  and  standardi- 
zation have  practically  eliminated  it.  The  subject  of 
the  development  of  insulation  materials  and  methods 
is  one  which  deserve^  a  complete  story  in  itself,  but 
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it  would  not  be  right  to  pass  it  over  in  tliis  article  with-      crs  used  for  lightning  [irotection.    An  extensive  inves- 
out  mentioning  the  question  of  oil.  ligation  was  begun  at  once  in  which  difi'erent  quali- 

When  the  first  oil  insulated  transformers  were  ties  of  oil  were  subjected  tn  the  various  influences 
built  it  was  necessary  to  choose  a  suitable  oil  from  which  it  was  thought  might  produce  the  deposit.  These 
those  then  placed  on  the  market  for  other  purposes,  tests  soon  demonstrated  that  heat  was  the  cause  of 
and   one   was   chosen  which   showed   good   insulating      the  deposit,  and  that  vohage  stresses  had  nothing  to 

do  with  the  phenomena  beyond  causing  the  particles 
to  line  up  in  certain  ways.  It  was  also  found  that  some 
grades  of  oil  showed  far  greater  deposits  than  others. 
This  question  of  de|)Osit  appeared  to  be  a  new  prob- 
lem to  oil  refiners,  but  they  took  up  the  question  and 
after  struggling  with  it  for  years  have  at  last  i)roduced 
oils  which  are  practically  free  from  deposit  at  any  rea- 
sonable tem])erature. 

In  carrying  out  his  investigations  on  protective 
apparatus  for  transfnrmers  and  generators.  Mr. 
Thomas  worked  out  a  theory  showing  why  the  end 
windings  of  transformers,  generators,  etc.,  broke  down 
more  frequently  than  other  parts  of  the  \\in<lings.  and 


FIG.    6 — E.VRI.V    SKLF-COOLIll    IIOU.KR    IRON    TANK 

properties,  which  had  low  \iscosity,  and  which  could 
be  obtained  at  a  reasonable  price.  This  oil  gave  ex- 
cellent results,  and  is  still  employed  to  a  considerable 
extent.  The  objection  to  it  was  its  low  flash  i)oint 
and,  as  the  business  developed,  the  oil  refiners  were 
called  upon   to  produce  an  oil   haxing  a  higher  flash 


FIG.    7 — K.\RLY   ST,^N.D.\RD   TERNEPI.ATK   TA.NK 

test  while  retaining  the  other  desirable  qualities.  Sev- 
eral different  grades  were  produced  and  in  general 
gave  satisfaction.  During  the  latter  part  of  the  90's 
it  was  found  that  with  certain  grades  of  oil  a  deposit 
was  formed  on  the  cooling  coils  of  water-cooled  trans- 
formers and  in  the  vent  ducts  of  certain  large  condens- 


FIG.    8 — MODERN    STANEIARD    CAST-IN    TYPE    OF    SHEET    STEEI.   TANK 
FOR    SKI.F-COOLING    TRANSFORMERS 

his  paper  in  1902  gave  most  valuable  data,  which  has 
been  confirmed  and  "rediscovered"  by  many  in\esti- 
gators  since.  This  paper  showed  clearly  the  utility  of 
choke  coils  in  the  leads  of  higii  voltage  electrical  ap- 
paratus, or  the  necessity  of  increasing  the  insulation 
between  the  end  turns,  as  well  as  the  advisability  of 
avoiding  certain  switching  operations. 

TRA\SFORMI"R    TANKS 

In  1896  a  large  order  was  received  for  10  000 
volt  oil  insulated  transformers  of  various  sizes,  the 
largest  being  100  kilowatts.  These  were  placed  in  cast 
iron  cases  with  ribs  cast  on  the  inside  and  outside. 
The  larger  cases  were  made  in  six  pieces — top,  bottom 
and  four  sides,  as  shown  in  Fig.  4.  The  four  side 
pieces  were  bolted  together  and  then  bolted  to  the 
bottom  casting,  all  joints  being  machined  and  fitted 
with  lead  gaskets.     This  gave  a  very  heavy  and  ex- 
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pensive  case,  and  great  dilticulty  was  experienced  in 
making  the  joints  tight.  Experiments  indicated  that 
the  inside  ribs  were  of  no  value,  and  they  were  omit- 
ted on  later  transformers. 

It  soon  became  apjiarent  that  transformers  of  a 
capacity  much  greater  than  loo  kilowatts  would  be  re- 


FIG.  9 — .V5 


V.    .\.    HKAVV-CURRENT   TR.AXSFORMER 
FUR    XIAG.XRA    FALLS 


quired,  and  as  water  cooling  could  not  always  be  ob- 
tained, it  was  evident  that  some  form  of  self-cooling 


FIG.    10 — BOILER  STEEL   TANK    FOR  TRANSFORMER   SHOWN    IN    FIG.   U 

case  was  necessary,  which  could  be  built  at  reasonable 
cost  and  which  would  ])rescnt  a  very  large  amount  of 
cooling  surface  to  the  air.  This  demand  led  to  the  de- 
velopment of  the  sheet  steel  case.  The  first  cases  of 
this   type   were   built   of   terneplate   with   plain   sides. 


.-\ round  the  interior,  close  to  the  outer  walls,  was  ar- 
ranged a  series  of  rectangular  tubes.  The  lower  end 
of  each  tube  stuck  through  the  bottom  of  the  case  and 
was  soldered  to  it,  while  the  upper  end  was  open  and 
came  above  the  oil  level.  Thus  these  tubes  constituted 
a  series  of  chimneys  or  flues  through  which  the  air 
could  pass.  .-\  considerable  number  of  these  tanks 
were  built  for  transformers  of  375  kilowatts  maximum 
capacity,  and  they  were  much  lighter  and  cheaper  than 
the  cast  iron  cases.  It  was  discovered,  however,  that 
a  tank  with  the  sides  corrugated  and  open  to  the  air 
was  much  cheaper  to  build,  easier  to  repair  and,  sur- 
face for  surface,  gave  better  cooling  than  those  with 
the  internal  chimneys,  and  this  type  was  soon  adopted 
as  standard.  The  construction  of  these  tanks  was 
quite  simple.  The  terneplate  sheets  for  the  sides 
were  corrugated  in  a  banding  machine,  then  riveted 
as  shown  in  Fig.  7.  and  soldered  together.  The 
four  sides  were  then  set  into  a  channel  in  the 
bottom,  also  made  of  terneplate.  and  this  channel 
was  flixjded  with  solder.  The  whole  case  was  then 
mounted    in    an     angle    iron    framework    and    pro- 
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FIG.    II — MODERN    ONE-TLRX-PER-LAVER      HIGH-TEXSIOX    COIL, 
WITH    EXTRA    INSULATION   BETWEEN    END    TURNS 

\  ided  with  cast  or  sheet  iron  covers.  Large  numbers 
of  these  tanks  were  manufactured  in  capacities  up  to 
500  or  Ooo  kilowatts.  They  were  light,  strong,  and 
reasonably  cheap  to  manufacture.  It  was  attempted 
to  reduce  the  cost  of  the  tanks  by  using  a  folded  seam 
down  the  sides  instead  of  a  riveted  one.  This  proved 
a  costly  experiment,  for  after  being  in  service  for  a 
few  months  the  tank  would  begin  to  leak  due  to  the 
breaking  of  the  seam  by  the  mechanical  forces  set 
up  by  the  expansion  of  the  metal  due  to  alternate  heat- 
ing and  cooling,  and  it  was  necessary  to  revert  to  the 
riveted  seam.  This  type  of  case  gave  general  satis- 
faction, until  a  tire  occurred  in  a  large  station  contain- 
ing a  dozen  or  more  large  transformers.  The  heat 
melted  the  solder  in  the  seams,  the  oil  ran  out  on  the 
floor  and  added  to  the  flames,  and  the  destruction  of 
the  whole  station  was  narrowly  averted.  This  fire 
demonstrated  the  danger  of  using  soldered  joints  in  a 
case  containing  oil.  and  designers  at  once  began  to 
consider  other  types. 

In  1903  or  1904  it  occurred  to  the  writer 
that  it  should  be  possible  to  make  a  boiler  iron 
tank  with  e.xternal  cooling  tubes,  one  end  of  each 
tube  being  riveted  into  the  tank  near  the  top  and  the 
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other  end  near  the  bottom  so  that  the  hot  oil  would 
flow  from  the  top  of  the  tank  through  the  tubes  and  re- 
enter the  tank  at  the  bottom.  A  small  tank  was  built 
up  of  terneplate  in  order  to  test  the  efficiency  of  the 
cooling  tubes,  but  apparently  on  account  of  the  small 
dimensions  of  the  case  the  anticipated  results  were  not 
obtained,  and  the  construction  was  abandoned.  How- 
ever, at  a  later  date  it  was  taken  up  again  on  a  larger 
scale  and  has  proved  a  great  success.  Fortunately 
the  perfection  of  the  method  for  welding  sheet  steel 
plates  by  means  of  the  oxy-acetylene  flame  made  it 
possible  to  build  sheet  metal  tanks  without  the  use  of 
solder.  After  the  sides  are  formed  into  shape  and 
welded,  the  top  and  bottom  are  cast  on,  as  shown  in 
Fig.  8.  This  construction  makes  a  thoroughly  sound 
job,  and  on  account  of  the  saving  in  solder  the  welded 
tank  is  considerably  cheaper  than  the  soldered  one. 
While  the  development  of  the  self-cooling  tank 
was  progressing,  the  water-cooled  transformer  was 
being  built  in  larger  and  larger  sizes.  The  construc- 
tion was  similar  to  that  adopted  on  the  large  experi- 
mental transformer  built  in  1894,  i.  e.,  the  tanks  were 
of  boiler  plate  and  the  cooling  done  by  means  of  water 
coils  placed  below  the  surface  of  the  oil.  In  some 
large  plants  the  oil  was  cooled  by  pumping  it  through 
coils  of  pipe  located  in  a  water  tank  placed  external 
to  the  transformer.  The  advantages  claimed  for  this 
method  are  that  better  cooling  is  obtained  due  to  the 
forced  circulation  of  the  oil  and  that  any  leak  in  the 
cooling  coils  will  cause  oil  to  escape  into  the  water 
and  not  water  into  the  oil,  but  the  greater  simplicity 


FIG.     12 — FARLV    75    KW     HIGH-TKNSIOX     WATF.R-Oini.F.D 
TR.\XSFORMER 

Having   pancake    coils    of    several    turns    per    layer,    and 
wooden  high-tension  terminal  bushing. 

of  the  former  method  has  caused  it  to  be  adopted  in 
the  great  majority  of  plants. 

AIR  BLAST  TRANSFORMERS 

One  of  the  first  of  the  large  fields  for  the  trans- 
former was  that  of  supplying  power  for  rotary  con- 
verters, and  these  machines  were  often  located  in  the 
most   congested   portions   of   large   cities.      For   such 


places  the  presence  of  the  large  cjuantities  of  oil  re- 
quired for  oil-cooled  transformers  constituted  so  great 
a  fire  risk  that  there  w-as  great  hesitancy  over  the  use 
of  this  type,  and  largely  to  meet  this  condition  the  air- 
blast  transformer  w-as  developed.  This  transformer  is 
placed  above  a  chamber  or  duct  in  which  the  air  is 


a^ 


FIG.     13 — TR.\XSFORMER    WITH     WOODEN     TERMIX.\L    BUSHING 
LINED   WITH    GLASS 

maintained  at  a  pressure  slightly  above  atmosphere 
by  means  of  a  motor-driven  fan.  Ducts  are  arranged 
between  the  windings  so  that  very  eft'ective  cooling  is 
obtained,  but  on  account  of  the  larger  ducts,  the 
greater  clearances  and  the  heavier  insulation  required 
by  this  t)'pe  as  compared  with  the  oil  cooled  type,  its 
efficiency  is  somewhat  lower.  Also  this  type  of  trans- 
former is  not  well  suited  to  stations  where  there  are 
no  attendants,  as  anj'  failure  in  the  air  supply  would 
soon  cause  the  transformer  to  overheat  and  bum  out. 
Thus  its  use  has  been  limited  principally  to  rotary 
converter  sub-stations  where  there  is  constant  super- 
vision during  working  hours.  The  General  Electric 
Company  was  first  in  the  field  with  the  air  blast  trans- 
former, and  there  were  many  discussions  as  to  the 
relative  merits  and  demerits  of  air-blast  and  oil-cooled 
transformers,  but  gradually  the  field  for  which  each 
type  is  best  suited  has  become  clearly  defined,  and  all 
transformer  manufacturers  are  prepared  to  build 
either  type.  In  a  few^  cases  a  combined  oil  cooling  and 
air  blast  transformer  has  been  used  on  large  high  volt- 
age transformers  w'hen  water  for  cooling  is  not  avail- 
able. 

INCREASE    IX    VOLTAGE 

Reference  has  already  been  made  to  the  lo  ooo 
volt  transformers  constructed  in  1896.  These  were 
the  first  transformers  built  by  the  Westinghouse  Com- 
pany for  so  high  a  voltage  for  commercial  service,  but 
within  a  year  of  the  shipment  of  these  transformers 
others  were  going  through  the  shop  wound  for  20  000 
volts,  and  in  a  verv  short  time  orders  were  taken  for 
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some  large  50000  volt  transformers.  These  trans- 
formers were  all  of  the  shell  type  with  flat  or  "pan- 
cake" coils  and  with  several  turns  per  layer.  Some 
troubles  were  experienced,  hut  when  the  general 
ignorance  regarding  high  voltage  strains  and  insulation 


FIG.    14 — TR.VNSFORMER   WITH   TREATF.D   P.\PER  TERMINAL  IN   A 
PORCELAIN    BUSHING 

material  is  considered,  the  wonder  is  that  troubles 
were  not  more  frequent  than  was  really  the  case.  It 
may  be  stated,  however,  that  the  high  voltage  shell- 
type  transformer  did  not  become  a  thoroughly  safe 
piece  of  apparatus  until  the  introduction  of  the  strap 
coil  winding  with  one  turn  per  layer  and  with  both 
insulation  and  copper  thoroughly  ventilated. 

While  the  advance  to  50  000  or  60  000  volts  was 
a  rapid  one,  progress  halted  here,  due  largely  to  the 
fact  that  the  limit  of  the  pin  type  insulators  had  been 
reached,  but  with  the  introduction  of  the  suspension 
type  insulator,  progress  began  again,  and  voltages  for 
80000  and  100  000  were  soon  common  and,  as  is  w'el! 
known,  150000  volts  is  now  in  use  and  there  seem 
to  be  no  limiting  features  in  the  design  of  the  trans- 
former to  prevent  the  use  of  much  higher  voltages. 
In  the  first  high  voltage  transformers,  wood  or  porce- 
lain bushings  were  used  for  bringing  out  the  termi- 
nals, but  as  the  voltages  increased  the  wood  bushing 
was  lined  with  a  very  heavy  glass  tube.  Then  long 
tubes  of  treated  paper  were  adopted  and  these  were 
finally  replaced  by  the  condenser  type  of  terminal  that 
has  been  fullv  described  and  is  so  well  known  that  it 


requires  no  further  description  here.*  In  the  mean- 
time the  General  Electric  Company  had  developed  an 
oil  filled  terminal.  This  terminal  is  built  up  of  a  series 
of  short  cyl-nders  separated  by  radial  discs  which  in- 
crease the  creepage  surface.  These  cylinders  and 
discs  taper  gradually  from  the  flange  towards  the 
ends.  The  terminal  depends  principally  upon  the  oil 
with  which  it  is  filled  for  its  insulation. 

SHORT-CIRCUIT    STRESSES 

In  the  first  large  transformers  no  attempt  was 
made  to  brace  the  w-indings  mechanically,  as  it  was 
not  appreciated  that  the  repulsive  forces  between  pri- 
marj-  and  secondarj'  windings  would  be  sufficient  to 
cause  distortion.  This  matter  was  brought  out  forcibly 
by  a  200  kilowatt  transformer  reti'rned  from  Niagara 
Falls  about  1898.  The  low  tension  windings  were  of 
very  heavy  square  wire  and  located  partly  on  the  out- 
side of  and  partly  between  the  primary  coils,  thus : — 
LHHLLHHL.  Both  ends  of  both  outside  coils 
were  bent  around  at  right  angles  to  their  original  po- 
sition and  driven  hard  up  against  the  end  frames.     It 


FIG.    15 — THE   FIRST    IIOOOO   VOLT    TRANSFORMER 

Built  for  the  Grand  Rapids  Muskegon  Power  Company 
in  1008.  The  terminal  consists  of  three  concentric  fiber  tubes 
of  different  length,  set  in  a  bushing  of  cement,  impregnated 

witli  paratTnic. 

looked  as  though  they  had  been  deliberately  driven 
over  with  a  sledge  hammer.  When  the  cause  for  this 
trouble  was  ascertained,  steps  were  taken  to  prevent  it 


*See  "Condenser  Type  Terminals,"  by  .\.  B.  Reynders,  in 
the  Journal  for  Oct.,  1910,  p.  766 :  and  "The  Condenser  Ter- 
minal." by  Chas.  Fortescue  and  J.  E.  Mateer,  in  the  Journal 
for  .-Xug..  1013.  p.  718. 
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in  the  future,  but  so  enormous  were  the  forces  involved 
that  se\eral  attempts  were  made  before  a  construction 
was  evoKed  wliich  would  prevent  distortion  of  the 
windinjjs  under  the  most  severe  possible  conditions, 
i.  e..  with  sunicient  generator  capacity  to  maintain  full 


FIG.    HI — 105000  \OI.T  TRANSFORM  IK   WITH    MODKKX   CON- 
DENSER  TERMIX.\I.S 

voltage  across  the  primar}'  with  a  direct  short-circuit 
across  the  secondary  terminals.  The  great  rigidity  of 
the  coil  support  on  modern  large  transformers  gives 
some  idea  of  the  magnitude  of  the  stresses  involved, 
for  the  design  of  these  supjiorts  is  the  outcome  of 
costly  experience.  With  the  core  type  of  construction 
it  was  thought  that  where  the  windings  were  circular 
and  concentric  the  coils  should  be  able  to  stand  short- 
circuit  stresses  with  very  little  bracing,  as  the  prin- 
ci]ial  forces  are  in  a  radial  direction,  but  the  way  in 
which  these  windings  were  actually  crumpled  up  and 
twisted  out  of  shape  when  short-circuited  across  their 
terminals  indicated  that  there  were  enormous  forces 
acting  in  unexpected  directions,  and  that  the  strongest 
possible  bracing  was  required  in  an  axial  direction. 

THE   DELTA-STAR    COXXECTION 

\\  hen  transformers  were  first  used  for  supplying 
three-jihase  circuits  there  was  considerable  doubt  as 
to  whether  the  windings  should  be  connected  in  star 
or  delta.  The  former  required  fewer  turns  in  the 
winding  and  was  somewhat  cheaper  .to  wind  and  in- 
sulate, particularly  when  the  neutral  point  was  earthed, 
while  the  latter  made  it  possible  to  supply  three-phase 
current  on  two  transformers  connected  in    ]'  in  the 


event  of  one  being  disabled.  .-\  rather  curious  case 
occurred  in  one  of  the  early  railway  installations, 
wliere  the  transformers  were  connected  in  star  on 
both  windings,  which  demonstrated  clearly  the  danger 
of  this  connection.  The  sequence  of  events  was  as 
follows : — 

a — Transformer  Xo.  1  Inirncd  mit  and  was  replaced  by 
a  spare  unit  Xo.   la.  ' 

Ij — Transformer  Xo.  2  burned  i>ut  and  was  replaced  by 
a  .spare  unit  Xo.  23.. 

c — Transformer  Xo.  la  burned  out. 

Upon  investigation  it  was  found  that  transformer 
Xo.  3  had  been  short-circuited  all  the  time,  thus  sub- 
jecting Xos.  I  and  2  to  nearly  double  voltage,  and 
naturally  they  had  burned  out.  Apparently  the  at- 
tendant had  failed  at  first  to  notice  that  transformer 
Xo.  3  was  cold  and  the  others  hot. 

With  the  star-to-star  connection  there  is  a  triple 
harmonic  pulsation  in  the  e.m.f.  between  neutral  and 
line  which  will  set  up  inductive  disturbances  in  neigh- 
boring telephone  lines  if  the  neutral  point  is  earthed. 
Three-phase  shell-type  transformers  are  not  essentially 
different  from  groups  of  three  single-phase  transform- 
ers in  this  respect.  Three-phase  transformers  of  the 
core  type  have  interlinked  magnetic  circuits  and  for 
this  reason  the  third  harmonic  is  practically  absent  so 


Kll..      17 .MoirrKN      I  KAN-i  uKMl-K      UiMH.Nc, 

Showin.a;  rigid  bracing  of  coil  ends.  Heavy  impregnated 
timbers,  faced  witb  liber  or  fuller-board,  are  pressed  against 
the  coil  ends  by  the  screws  shown  at  both  top  and  bottom 
on  each  side  of  the  transformer. 

that  the  star-to-star  connection  for  such  transformers 
is  sometimes  permissible. 

Present  American  practice  is  in  favor  of  the  star 
connection  on  the  high-tension  side  with  a  delta  con- 
nected low-tension  for  transmission  systems  of  60000 
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volts  or  above.  This  is  for  the  reason  that  a  trans- 
former wound  for  star  voltage  or  58  pefcent  of  the 
liiK'  \nitage  re(|uires  less  insulation  and  the  coils  them- 
selves are  more  rugged,  due  to  the  larger  conductors 
in  the  roils.    W  ilh  these  advantages  there  is  also  some 


FIC.   18 — .\N"  0UT-1)()0R  SUi5-ST.\TI0.N  OF    1  OUO  K,V..\.  TUBLXAR-TVPi-: 

SKi.F-cooi.ED  tr.\nsformi:ks 

gain  in  efficiency  and  some  saving  in  cost.  The  star 
connection  pcrmils  earthing  the  neutral  at  any  time 
it  pro\es  desirable  while  with  the  delta  connection 
the  neutral  ]wint  is  not  accessible.  For  transmission 
systems  below  60  000  volts  either  delta-to-delta  or 
delta-to-star  step-up  transformers  are  used  depending 
upon  service  conditions.  In  small  installations  where 
the  cost  of  a  spare  transformer  is  a  large  proportion 
of  the  total  investment,  the  delta-to-delta  connection 
may  be  preferable,  as  operation  can  be  continued,  in 
case  one  transformer  becomes  disabled,  with  two  of 
the  three  units  operating  in  open  delta. 

SHELl-    .\M)    COKIC    TVI'i: 

In  the  earlier  days  the  W  estinghouse  Company 
maiuifactured  the  shell  type  of  transformer  almost  ex- 
clusively, but  today,  with  the  broadening  out  of  the 
field  and  the  higher  operating  voltages,  the  core  type 
is  considered  with  equal  favor  and  is  largely  used  for 
small  cajiacity  transformers  to  operate  on  high-voltage 
transmission  systems.  It  is  also  used  for  shunt  trans- 
formers for  measuring  instruments  and  high-voltage 
testing  transformers,  etc.  For  these  cases  it  is  easier 
to  insulate  than  the  shell  type  and  so  has  come  into 
general  use  for  this  class  of  work.  For  higher  volt- 
ages, that  is  4  400  to  22  000  volts,  the  W'estinghouse 
Company  uses  the  core  type.  Euro|)ean  manufacturers 
use  the  core  type  almost  exclusively. 

OUTDOOR  TRANSFORMER   ST.\T!ONS 

The  successful  ojieration  of  the  early  outdoor 
transformer  stations  has  led  to  the  quite  common  use 
of  high  voltage  transformers  and  switching  equipment 


out  of  doors  in  the  United  States.  Saving  the  cost  of 
the  building  requircil  to  house  the  equipment  is  nat- 
urally the  incentive  for  such  stations  and  the  develop- 
ment of  outlet  leads  and  bushings  as  well  as  switch- 
ing apparatus  that  can  be  used  successfully  in  all  ex- 
tremes of  weather  has  made  them  possible.  Oil  in- 
sulated transformers  of  the  self-cooling  type  are 
mainly  used  for  this  purpose,  although  oil-insulated 
water-cooled  transformers  have  also  been  used  suc- 
cessfully. It  is  necessary  with  the  latter  to  protect 
the  water  cooling  system  against  the  freezing  of  the 
water  during  periods  of  cold  weather.  There  are  now 
many  systems  operating  with  voltages  as  high  as 
1 10000  volts  which  make  use  of  outdoor  transformer 
stations.  .\  bank  of  three  of  the  tubular  type  self- 
cooled  transformers  used  out  doors  is  shown  in  Fig. 
iM.  These  transformers  form  part  of  the  Georgia 
Railway  &  Power  Company's  system,  whose  main 
transmission  is  at  1 10  000  volts.  These  particular 
transformers  operate  in  delta  on  a  22000  volt  circuit 
stepi)ing  down  to  1 1  000  volts.  They  are  rated  at  i  000 
k.\  .a.  each,  making  a  sub-station  of  3  000  k.v.a.  output. 
It  is  interesting  to  note  that  the  nearest  station  attend- 
ant is  about  two  miles  away.  The  economy  in  placing 
these  tran>forniers  out  doors  with  no  I)uilding  over- 
head is  very  apparent.  American  manufacturers  have 
dc\eloped  outdoor  sub-stations  of  small  capacity  which 


FIG.    irj — AN    nr[-liO0R   INST.MXATION    (IF   50    K.V.A.    Oll.-I  N'SCI-^TED 
SELF-COOI.ED    TRANSFORMERS 

Equipped   with  out-door   sv.itcliinsr  equipment   and   light- 
ning arresters. 

are  bsing  used  quite  generally  for  the  purpose  of  sup- 
1 'lying  moderate  quantities  of  power  along  the  route 
of  a  high  tension  transmission  system.  They  are  made 
up  of  standard  transformers,  switches  and  lightning 
equipment,  mounted  on  a  steel  framework. 


Characteristic  Curves  of  the  Induction  Motor 


C.  A.  M. 

THE  CHARACTERISTIC  CURVES  of  both 
the  squirrel-cage  and  the  wound-secondary 
induction  motor  are  frequently  worked  out 
theoretically,  but  it  is  seldom  that  such  cur\es  are 
plotted  from  actual  test  results.  The  curves  pre- 
sented herewith  were  plotted  from  data  secured  on 
a    test    run    to    determine    the    characteristics    of   a 


FIG.     I — CHARACTERISTIC    CURVES    OF    A    THREE-PHASE     SQUIRREL- 
CAGE  INDUCTION    MOTOR 

Taken  from  actual  test  over  the  entire  range  from  rated 
speed  through  zero  to  full  speed  in  the  opposite  direction. 

small  induction  motor  under  extreme  operating 
conditions  of  torque  and  speed,  and  provide  facilities 
for  a  more  complete  observation  of  the  performance 


FIG.  2 — TEST  CURVES  OF  A  THREE-PHASE  SQUIRREL-CACE  MOTOR, 
OPERATING  AS  A  SINGLE-PHASE  MOTOR  WITHOUT  STARTING 
WINDINGS 

The  vohage,  as  indicated,  was  impressed  across  two  legs 
of  the  star-connected  winding.  The  arrows  on  the  curves 
are  in  accordance  with  the  direction  in  which  the  test  pro- 
gressed ;  that  is,  from  no  load  to  locked  rotor. 

of  the  motor  than  is  ordinarily,  possible  from  actual 
test  data, 

POLYPHASE  SQUIRREL-CAGE  CHARACTERISTICS 

Fig.  I  represents  the  test  results  obtained  on  a 
one  horse-power,  three-phase,  6o-cycle.  four-pole, 
220-volt.  star-connected  squirrel-cage  induction  motor 


Weber 

run  on  no  volts.  The  object  of  running  on  half 
voltage  was  to  reduce  the  efifect  of  heating,  especially 
when  taking  readings  beyond  the  pull-out  point  of 
the  motor.  To  further  reduce  the  efifect  of  heating, 
a  fan  was  placed  so  as  to  blow  air  over  and  through 
the  windings  during  the  test. 

Readings  were  taken  for  each  of  the  curves  of 
Fig.  I  over  the  range  indicated,  all  values  above  the 
point  of  zero  speed  being  determined  by  loading 
the  motor  with  a  shunt  generator,  and  all  values 
below  that  point  by  driving  the  secondary  of  the 
induction  motor  against  the  rotating  field  by  means 
of  a  shunt  motor;  readings  being  taken  of  volts  and 
amperes  for  both  field  and  armature  of  the  latter 
over  the  speed  range  covered.  These  latter  read- 
ings were  then  duplicated  with  a  Prony  brake  on 


FIG.   3 — CHARACTERISTIC   CURVES   OF   A  THREE-PHASE    WOUND- 
SECONDARY    MOTOR   WITH    EXTERNAL  RESISTANCE 

The    dotted    curve    indicates    for    comparison    the    speed- 
torque  curve  of  the  motor  with  short-circuited  secondary. 

the  shunt  motor,  determining  the  values  of  torque 
over  the  same  range  of  speed. 

SINGLE-PHASE    SQUIRREL-CAGE    CHARACTERISTICS 

The  second  test,  the  results  of  which  are  given 
in  Fig.  2,  was  run  on  the  same  motor  as  used  in  the 
first,  except  that  no  volts  was  impressed  across  two 
legs  of  the  star-connected  winding,  thus  giving  ap- 
proximately the  usual  single-phase  winding.  The 
values  for  these  curves  were  also  obtained  bv'  load- 
ing with  a  shunt  generator.  It  is  impossible  to 
secure  negative  readings  on  a  single-phase  motor, 
since  the  rotation  of  the  field  is  always  in  the  di- 
rection of  rotation  of  the  rotor  and  there  is  no 
rotating  field  when  the  rotor  is  at  a  standstill ;  hence 
there  is  no  starting  torque, 

CHARACTERISTICS   WITH   VARIABLE   RESISTANCE 
SEC0XD.\RY 

In  the  tliird  case  a  one-half  horse-power,  three- 
phase,  6o-cycle.  220-volt.  six-pole,  star-connected  in- 
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duction  motor  with  wound  secondary  was  con- 
nected to  a  normal  voltage  circuit  with  external  re- 
sistance in  the  secondary  circuit  and  a  brake  test 
was  rAade  up  to  the  point  of  locked  torque.  Beyond 
this  point  the  values  were  obtained  as  in  the  first 
test  by  running  the  motor  against  the  rotation  of 
its  field,  as  indicated  in  Fig.  3,  in  which  are  plotted 
the  complete  test  results. 

These  sets  of  curves  covering  the  various  factors 
in    the    motor    circuit,     very    clearly    establish     the 


behavior  of  an  induction  motor  under  almost  any 
possible  condition  of  operation  and  are  of  particu- 
lar interest  in  that  they  are  the  result  of  actual  tests. 
They  are,  of  course,  on  that  account  subject  to  the 
possibility  of  slight  inaccuracies  due  to  personal 
errors  in  observation  and  in  instrument  calibration, 
as  would  be  expected  in  tests  of  this  nature  where 
readings  must  be  taken  with  all  possible  expediency 
and  dispatch. 


Induction  Motors  for  Varying  Speed  Service 

Arthur  J.  Motyer 
Engineering  Department 
Canadian  Westinghouse  Company,  Ltd. 

THE  VERY  GENERAL  adoption  of  alternating-curreiit  distribution  has  led  to  the  use  of  large  num- 
bers of  polyphase  induction  motors  for  many  and  varied  industrial  applications.  .And  zaith  the  ever  increas- 
ing numbers  of  this  type  of  motor  being  put  into  service  there  arise  here  and  there  instances  of  their  being 
used  for  vi-ork  for  which  their  inherent  characteristics  render  them  unsuitable.  .Particularl\  is  this  the  case 
li'here  motors  are  intended  for  varying  speed  service.  Hence  the  need  that  those  zvishing  to  use  varying 
speed  induction  motors  have  a  clear  idea  of  their  characteristics  in  order  to  determine  their  suitability  for 
the  particular  application.  The  type  of  variable  speed  induction  motor  in  most  common  use  is  that  having 
a  wound  rotor  or  secondary,  the  speed  being  varied  by  means  of  a  resistance  inserted  in  the  secondar\ 
circuit.     This  type  only  will  be  dealt  with  in  this  article. 


WHEN  CONSIDERING  an  induction  motor 
for  varying  speed  work  the  first  point  to 
be  determined  is  whether  its  characteristics 
are  such  that  it  will  be  able  to  perform  the  required 
service  in  a  satisfactory  manner.  If  the  service  is 
such  that  an  induction  motor  cannot  do  the  work  as 
it  should  be  done,  and  alternating-current  service  only 
is  available,  it  will  be  found  more  satisfactory  in  the 
end  to  use  a  direct-current  motor  together  with  the 
necessary  motor-generator  set.  Even  where  the  char- 
acteristics of  an  induction  motor  render  it  suitable,  a 
careful  analysis  of  the  cost  of  power  and  the  capital 
charges  on  the  necessary  apparatus  may  result  in  a 
decision  unfavorable  to  the  induction  motor,  due  to 
its  comparatively  low  efficiency  (with  its  control  re- 
sistance)  when   running  at  less  than   full  speed. 

In  order  to  understand  the  operation  of  a  vary- 
ing speed  motor,  it  is  necessary  to  have  a  clear  idea 
of  the  meaning  of  torque,  and  of  the  connection  be- 
tween horse-power,  torque  and  speed.  By  the  torque 
of  a  motor  is  meant  the  turning  effort  developed.  The 
torque  at  any  given  speed  determines  the  horse- 
power developed  at  that  speed,  the  horse-power  being 
proportional  both  to  the  speed  and  to  the  torque.  Thus 
the  horse-power,  expressed  in  percent  of  full  load,  is 
tlie  product  of  the  speed,  in  percent  of  full  speed,  and 
of  the  torque,  in  percent  of  full-load  torque  (i.e.  the 
torque,  which  at  full  speed  will  develop  full  load.) 

The  torque  developed  by  a  motor  is  always  equal 
to  the  torque  required  to  overcome  the  friction  of  the 
motor  itself,  together  with  the  external  torque  re- 
quired by  the  load,  and  a  motor  will  always  tend  to 
a  steady  condition  of  torque  and  speed  such  that  the 
portion  of  the  torque  developed,  which  is  available 
for  work  external  to  the  motor,  will  be  equal  to  the 
torque  required  from  the  motor.     That  is  to  sav,  the 


torque  exerted  at  any  time  by  a  motor  will  depend 
upon  the  torque  required  from  the  motor,  and  not 
upon  the  motor  itself,  or  upon  any  adjustment  of  the 
control  apparatus. 

The  operation  of  a  varying  speed  induction  motor 
is  very  similar  to  that  of  a  direct-current  motor,  the 
speed  of  which  is  varied  by  armature  control.  The 
speed  regulation  of  a  direct-current  motor,  when  used 
in  this  way,  is  very  poor.  Thus,  when  considering 
the  adaptability  of  induction  motors  for  varying  speed 
work,  it  should  be  remembered  that  they  have  very 
poor  speed  regulation,  i.  e.,  on  any  notch  of  the  con- 
trol apparatus,  the  variation  of  speed  with  torque  is 
large,  and  is  larger,  the  larger  the  speed  reduction  re- 
quired. Hence,  an  induction  motor  should  not  be 
used  for  varying  speed  work,  where,  while  running 
on  any  one  notch  of  the  controller,  the  speed  is  re- 
quired to  remain  constant,  unless  the  torque  demanded 
from  the  motor  will  also  remain  practically  constant. 

Several  speed-torque  curves  of  a  six  pole,  25 
cycle  induction  motor  are  given  in  Fig.  i.  Curve  I 
shows  the  curve  with  the  rotor  short-circuited.  The 
decrease  in  speed  from  no  load  to  full  load  is  20 
revolutions,  the  full  load  speed  being  480  r.p.m.  That 
is  to  say,  the  slip  of  the  motor  is  20  -^  500,  or  four 
percent.  The  decrease  in  speed  for  any  given  value 
of  torque  will  vary  directly  with  the  resistance  of  the 
rotor  circuit.  Thus,  if  external  resistance  is  inserted 
so  that  the  total  resistance  in  the  rotor  circuit  is  five 
times  the  resistance  of  the  rotor  when  short-circuited, 
the  decrease  in  speed  from  no  load  to  full  load  will 
be  5  X  20,  or  100  revolutions,  and  the  slip  will  be 
20  percent.  Hence,  since  at  any  given  value  of  torque 
the  decrease  in  speed  below  synchronous  speed  is  di- 
rectly proportional  to  the  total  resistance  in  the  rotor 
circuit,  by  varying  the  external   resistance  by  means 
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of  a  controller,  various  speed-torque  curves  may  be 
obtained  such  as  those  shown  corresponding  to  the 
different  points  on  the  controller.  Curve  II  is  the 
speed-torque  cur\c  corresponding  to  a  total  resistance 
of  the  rotor  circuit  equal  to  five  times  the  resistance 
of  the  short-circuited  rotor,  and  curves  III,  I\^,  and  \' 
are  speed-torque  curves  with  larger  values  of  rotor 
resistance.  It  should  be  particularly  noted  that  on 
any  speed-torque  curve  there  is  one  and  only  one 
speed  corresponding  to  any  value  of  torque ;  and,  con- 
versely, when  running  on  a  given  notch  of  the  con- 
troller, a  given  speed  will  be  obtained  only  when  the 
torque  required  from  the  motor  is  the  same  as  that 
value  of  torque,  which,  on  the  given  speed-torque 
cur\e,  corresponds  to  the  desired  speed.  Thus  it 
would  Ije  possible  to  obtain  a  speed  of  350  r.p.ni.  when 
operating  under  the  conditions  of  curve  \"  with  a 
torque  equal  to  15  percent  of  full-load  torque;  of 
curve  I\'  with  torque  equal  to  30  percent  of  full-load 
torque;  of  curve  III  with  torque  equal  to  60  percent 
of  full-load  torque;  and  of  curve  II  with  torque  equal 
to   150  percent  of  full-load  torque.     Also,  if  40  per- 
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Fir,.     I — SPF.nD-TORQUE    CURVES    OF    A    WOUND-SECOND.\RY 
INDUCTION    MOTOR 

Showing  the  effect  of  varying  amounts  of  external  sec- 
ondary resistance.  The  curves  are  drawn  as  straight  lines 
for  comparison.  However,  for  a  motor  with  good  pull-out 
torque,  the  downward  droop  of  the  speed-torque  curves  is 
so  small  within  the  range  of  torque  shown  that  the  differ- 
ence is  practically  negligible. 

cent  of  full-load  torque  is  required  from  the  motor ; 
when  running  under  the  conditions  of  curve  ^'  the 
speed  will  be  100  r.p.m. ;  of  curve  W ,  300  r.p.m. ;  of 
curve  III.  400  r.p.ni. ;  of  curve  II,  460  r.\>.m. :  and  with 
the  rotor  shcirt-circuil^l.  as  per  cur\e  I,  about  41)0 
r.p.ni. 

From  the  above  it  is  plain  that,  when  running  on 
any  notch  of  the  controller,  the  speed  will  vary  as  the 
torque  required  from  the  motor,  the  increase  in  slip 
being  proportional  to  the  torque.  Moreover,  the 
higher  the  resistance  of  the  rotor  circuit,  the  greater 
will  be  the  decrease  in  sjieed  below  synchronous  speed 
corresponding  to  any  given  value  of  torque.  In  other 
words,  the  larger  the  rotor  resistance  the  greater  will 
be  the  slope  of  the  speed-torque  curve,  and  hence  the 
greater  will  be  the  variation  of  speed  with  torcjue. 
With  the  motor  running  as  per  curve  I,  with  short- 
circuited  rotor,  the  speed  regulation  will  be  good,  the 
increase  from  the  full-load  speed  of  4S0  r.p.m.  to  the 


no-load  speed  of  500  r.p.m.  being  20  revolutions,  cor- 

20 

respondnig  to   a   speed   regulation   of--  --^4.2   per- 

cent.  Consequently,  if,  with  short-circuited  rotur.  the 
torque  should  decrease  from  full  load  to  one  half  that 
value,  the  increase  in  speed  would  be  only  ajijjro.xi- 
niately  10  revolutions.  But,  when  running  011  the 
notch  of  the  controller,  corresponding  to  speed-torque 
curve  111.  which  give  full-load  torque  at  one  half 
synchronous  speed,  the  speed  regulation  will  be  100 
percent,  since  the  increase  in  speed  from  full  load  to 
no  load  is  equal  to  full-load  speed.  And,  should  the 
torque  vary  from  full-load  torque  to  say  one  half  of 
full-load  torque,  the  speed  will  increase  from  250 
r.p.m.  to  375  r.p.ni.  Thu>,  e.xcein  when  running  with 
rotor  short-circuited,  the  speed  regulation  of  an  in- 
duction motor  is  poor ;  and  on  any  point  of  the  con- 
troller it  is  worse  the  greater  the  speed  reduction  ob- 
tained. 

\\'hen  considering  the  variation  of  speed  it  is 
convenient  to  think  in  terms  of  torque  rather  than 
horse-power,  but  it  might  Ije  well  to  notice  the  actual 
power  output  corresponding  to  any  point  on  a  speed- 
torque  curve.  Thus,  when  running  as  per  curw  III 
with  full-load  torque  at  one-half  synchronous  si)eed, 
the  output  will  be  approximately  one-half  full-load 
output  expressed  in  horse-power.  When  running  as 
per  cur\e  I\'  with  60  percent  of  full-load  torque  at 
40  percent  of  synchronous  speed,  the  output  will  be 
approximately  24  ])ercent  of  full-load  outiiut  ex- 
pressed in  horse-power. 

The  efficiency  of  a  varying-speed  induction  motor 
and  its  control  resistance  can  be  easily  determined  at 
any  value  of  tor(|ue  and  speed,  if  the  efticiency  cur\-e 
for  the  motor,  running  with  short-circuited  rotor,  is 
known.  If  E|  ^  the  efficiency  of  the  motor  and  control 
apparatus  at  torque  T  and  slip  Si  and  it  is  desired  to 
know  the  efiiciency  £..  at  torque  T  and  slip  5"i,  then 

-S, 


E=  =  E, 

1  —  o, 

For  example  if  the  motor  at  torque  T  has  SS  i)er- 
cent  efficiency  and  fi\e  percent  slip,  at  half  speed  (50 
percent  slip )   and  torque   T  the  efficiency  = 

50 
88  X    „.-  =  4^>-3  percent. 

The  number  of  a])i)lications  of  varying  speed  mo- 
tors is  so  large  that  it  would  be  practically  impossible 
to  discuss  the  suitability  of  induction  motors  for  all 
the  possible  kinds  of  service.  But  from  the  aljove 
notes  on  their  operation,  the  person  desiring  to  use 
them,  and  hence  having  a  thorough  knowledge  of  the 
requirements  of  the  particular  application  under  con- 
sideration, should  be  able  to  decide  whether  or  not 
thev  can  be  used.  It  cannot  be  emphasized  too  strong- 
ly that  an  attempt  to  use  these  motors  for  work  for 
which  they  are  not  suited  should  not  be  made.  The 
legitimate  field  of  induction  motors  is  large  enough, 
and  any  attempt  to  press  them  into  service,  for  which 
they  are  unsuitable,  will  only  be  the  cause  of  dissatis- 
faction and  needless  expense. 


The  Calculation  of  Constant- Voltage 
Transmission  Lines 

H.    B.    DWIGHT 

Engineering   Department 
Canadian  Westinghouse  Company 

THE  REMARKABLE  ecoiinmics  secured  and  the  success  in  operalioii  -lehiclt  haze  alleiided  the  use  of 
synchronous  motors  on  a  hirije  scale  for  controlling  the  foliage  of  transmission  lines  haze  placed  the 
constant-vollagc  system  on  a  footing  where  it  must  be  seriously  considered,  either  for  adoption  or  rejec- 
tion, not  only  by  the  designers  of  ueiv  power  projects,  but  also  by  those  responsible  for  the  management  and 
operation  of  existing  power  systems  of  all  sices.  In  order  to  judge  the  ncu'  method  fairly,  it  is  necessary 
to  make  use  of  calculations  specially  adapted  to  constant-voltage  transmission  lines.  In  this  article  is  given 
a  collection  of  formulae  zi-hich  z<.'ill  be  useful  in  the  solution  of  most  electrical  problems  connected  ziith 
the  design  of  such  lines. 

Tl  I  E   distinctive   features  of  the   constant-voltage  Circle  Diayrain — (  )ne  of  the  tir-c  [jfoblenis  to  be 

system    of   oiierating   transmission    lines   con-  considered  is,  "What  ratings  in  synchronuiis  motors 

-ist    in    the   use  of   synchronous   phase   modi-  will  be  required  for  various  loads?"     The  circle  dia- 

rier-   ni   large  quantities  at   tlie   receiving  substaiims.  gram.  Fig.   i,  provides  a  graphical  solution,  which,  as 

and    in    their   continual    adjustment,    either    by    hand  it  is  short  and  comprehensive,  is  worth  while  drawing 

control   or  by    Tirrill    regulators,   so  as   to   overcome  in  all  cases.     This  diagram,  taking  accurate  account 

voltage    variation    by    changing   the-   power-factor    as  of   all   eii'ects  of   line  capacity   and   leakage,  consists 

required.     This   method   is  not  to  be  confused   with  of  parts  of  an  exact  circle  and  an  ellipse.     Let  £s  be 

the  common  employment  of  synchronous  motors  with  the   constant   line   voltage  at  the   >upply  end.   and   E 

steam    plants,    where    they    are    used    to    raise    the  the  constant  voltage  at  the  recei\ing  end.     Let  )'  be 

power-factor  as  much   as   possible,  but  not  to  lower  the  line  admittance  per  conductor,  and  let  Z  =  R  -(- 

the   power-factor  at   times   nor    to    adjust    it.      The  jX  be  the  impedance,  where  R  is  the  resistance,  and 

results  obtained  include  that  of  controlling  the  voltage  A'  the  reactance,  of  one  conductor.     Let 
of   lines   at   the   receiving  end,   which   is   the   rational  ,       yz     \'Z-  \ 

place,  instead  of  the  distant  supply  end:  of  doubling  ^l^  ~   2  +  0.3.4  ^  ^t=j  =  E'  ^  jE"* 

the  maximum  power  load  of  many  existing  lines,  thus  ''"''  '^^ 

relieving    o\erloaded    lines    and    making    extensions  (r     jX  j  (1  +  ^^' ~   X.^-_  ^  etc. )  =  R' _  jX'^ 

possible  at  small   cost:  of  allowing  lines  to  be  built 

with   heavier  conductors,   wider   spacing,   and   higher  '^''^»-   '^>'  ^^^  Iiyperbolic   theory  of  transmission 

reactance  throughout  than  is  the  usual  practice,  and  ''"'^■^  ^''^  ■'"l'P'>-  '''^^^S<^  '* 
of  increasing  the  economical  distance  of  transmission.  E,  =  E'  +  jE"  -  (P  +  jQ)  (R'  -  jX') 

The  formulje  here  presented  are  direct  solutions,  where  P  is  the  in-phase  component  rif  current,  in  total 
that  is,  the  problems  do  not  have  to  be  solved  Ijy  pint-  amperes,  at  the  receiver  end,  and  O  the  leading  re- 
ting  curves  or  by  a  process  of  trial  and  error.     The  active  component  of  current.  Therefore 

problems  selected  are  those  most  likely  to  arise  in  prac-  E;  =  (E'  +  PR'  —  QX')=  -  ( E"  r  PX'  ^  QR')- (1) 

tice.    C'.raphical   methods  are   not  used   except  in  one  This  reduces  to  the  equation  of  a  circle  where  O  is 

case,  that  of  the  circle  diagram.    In  this  article,  the  cir-  plotted  for  values  of  P. 

cle  diagram  has  been  made  applicable  to  the  solution  of  Describe  a  circle    whose    center    Is    (a.  h)    and 

long  constant-\oltage  lines  according  to  the  hyperbolic  whose  radius  is  c.  where 

theory,  and  it  is  an  extremely  useful  labor-saving  de-  E        E'R'  ^  E"X' 

vice.     With  fine  cross-section  paper,  very  accurate  re-  ^  1000  R'-  -  X'=      

suits  mav  be  obtained.    For  greater  accuracv.  formulae  h=-      ^        E'X'  — E"R'  , 

are  given  for  calculatmg  the  results  of  the  diagram.  ^"  " 

....                                                                                   E                  E- 
Tables  of  trigonometric  functions  of  angles  and  tables  and  c  =  -      -.^^  x        ,  ;     '  ,.„     (■*) 

of  hvperbohc  functions  are  not  used,  though  the  re-  ,-  ,  .     ■  1  >   r         .  t     a  \    ^ 

•'  ,  .      ,  .  Aow   draw  a   straight   line  at  an  angle  6  below 

suits  ot  the  hvperbohc  theory  are  obtained  with  com-       ,      1  ,■  .  .1  .•       1  r  .u 

•  '  .  -  tile  base  line  to  represent  the  reactive  k.v.a.  of  the 

plete  accuracy.     It  will  be  found  convenient  to  make  ,      ,  /i  t    •        .1  r     .        1       ■  r   .1 

,      ,  ,     •    .  load,  cos  $  being  the  power-tactor.  lagging,   of   the 

use  of  tables  of  transmission  line  constants.  ,      ,      r,        ,  ,■       -^        j-  .u  r  .u       •    1 

load.     Bv  adding  its  ordinates  to  those  of  the  circle. 

The   tormulse  given  apply  not    only  to    straight  -^^  p.       j    ^,^.  j,,^  ^,^^  ^^  ^  ^^-^  ^^  dividers,  plot  the 

constant-voltage  transmission   lines,  but  also  to  con-        ...  ,  .  ,'      .  ,      ,  ,  , 

,  ,         „     ,    .         .  .         ^        ,       ellipse  which  gives  the  k.v.a.  of  synchronous  motors 

stant-voltage  networks,     hach  junction  point  of  such  . 

a  network  has  a  definite  voltage,  and  therefore,  each  * 

line  in  the  network  can  be  calculated  as  a  constant-  *por  derivation  of  these  equation.';  and  use  of  the  con- 

yoltage  line,   the  variable  item   being  the  amount   of  vergent  series,  see  "Transmission  Line  Formulas"  by  H.  B. 

,                  ^              -..x    J              ,11-  llwieht.  p.  42,  "Engineering  Mathematics"  bv  C.  P.  Stinemetz. 

real  power  transmitted  over  the  line.  ,,  ^  or  other  engineering  te.xt  books. 
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For  lines  less  than  about  30  miles  long,  the  effect 
of  capacit}'  is  inappreciable,  and  the  brackets  contain- 
ing the  series  in  YZ  may  be  omitted.  Thus  the  short 
line  formulae  will  be  the  same  as  those  given  in  this 
article,  except  that  E'  becomes  E,  E"  becomes  zero, 
and  R'  and  X'  become  R  and  X. 

Theoretical  Limit  of  Load — The  calculated  value 
in  kilowatts  of  the  theoretical  limit  to  the  load  at  the 
given  voltages  is 

Kw  =  c  +  a (5) 

that  is,  it  is  numerically  less  than  c  since  a  is  negative. 
It  may  be  read  from  the  circle  diagram  as  it  is  the 
farthest  distance  to  the  right  reached  by  the  circle  or 
the  ellipse. 

Reactiz'e  K.v.a.  in  the  Line  at  the  Receiver  End — 
For  a  more  precise  value  than  that  obtained  from  the 
circle  diagram,  solve  the  following  quadratic  equa- 
tion, which  is  obtained  directly  from   (i): 

a,Q'  -  2b,Q  +  Q,  =  o 
where  a,  =-  R'^  +  X" 

b,  =  E'X'  —  E"R' 
and  c,  =  P=(R'^  +  X'=)  +  2P(E'R'  -^E"X')  +  E'^^  -I-  E"^—  E,^ 
The„Q=  b.--   b.'-a,c,^ (6) 

Use  only  the  negative  value  of  the  radical,  as 
shown,  since  the  smaller  value  of  O  is  the  result  re- 
quired. 0  is  the  reactive  current,  and  EQ  -f-  i  000, 
the  reactive  k.v.a.  in  the  line  at  the  receiver,  for  a 
given  load  in  kilowatts,  EP  -f-  i  000.  When  0,  as 
found  above,  is  positive,  it  represents  leading  reac- 
tive k.v.a.  in  the  line  at  the  receiver,  and  lagging 
when  it  is  negative. 

Line  Pourr-Eactor  at    the    Receiver  End — The 
power-factor  at  the  receiver  end,  including  the  com- 
bined effect  of  the  load  and  the  phase  modifiers,  is 
100  P 


percent. 


v'P^-hQa''  ^'^ 

where  P  is  determined  from  the  load  in  kilowatts,  and 
Q  is  either  read  from  the  circle  diagram  or  calculated 
by  means  of  (6).  The  line  power-factor  is  leading 
or  lagging  according  as  Q  is  positive  or  negative. 

Reactive  K.v.a.  of  Synchronous  Motors — This 
may  be  read  from  the  circle  diagram,  or  it  may  be 
more  accurately  found  by  using  the  calculated  value 
of  O  in  the  expression 

EQ+EmP      ^        .     , 

1000"        =  Reactive  k.v.a (8) 

where  m  is  a  constant  equal  to    sin    6  -4-  cos    6,  the 
power-factor  of  the  load  being  cos  6.  When  the  above 
expression  is  positive,  the  current  in  the  line  due  to 
the  synchronous  motors   is   leading,    and   the   motors 
have  strong  field   current.     When   the   expression   is 
negative,  the  current  is  lagging. 
Line  Losses  in  Kiloivatts — 
Let  A  =  E'  +  PR'  —  QX' 
B  =  E"  +  PX'  -I-  QR' 

andC  + jD  =  (P  + jQ)(^l  ^     ^ 


YZ       Y'Z" 

+  2-3^4  +  ^^^ 


EV 


2-3  ^  2-3-4-5 


0 


where  Q  is  found  either  from  the  circle  diagram  or 
from    (6). 

Line  Losses  =  (AC      BIJ— EP)  kilowatts (9) 

(10) 

(H) 


Kir  at  Gemrators  =       ^  (AC  +  BD) 


K.c.a.  at  Generators  =  -  .^-  E»  ^  c'  +  d*  

r,           r.     ,        <^.           .            100(AC  +  BD)  ,,„, 

I  oicer- Factor  at  denerators  =i=  — ^ percent.  (12) 

Reactive  K.v.a.  at  Generators  =r,„(,  (AD  —  BC) (13) 

Percent  Efficiency  cf  the  Transmu.ti-.n  Line  = 
lOnEP 
AC  +  BD 

When  this  quantity  is  positive,  the  reactive  k.v.a. 
and  the  power-factor  at  the  generators  are  leading, 
and  when  it  is  negative  they  are  lagging. 


.(14) 


-  etc. 


) 


FIG.      I — ClKLLt     U1.M,K.\M     OK     C0NST.\N'T-VOLT.AGE     TR.\NSMISSION 

LINE 

Single-Phase  Lines — The  above  formulas  are  for 
three-phase  and  two-phase  lines.  For  single-phase 
lines  use  2  R  and  2  X  in  place  of  R  and  A'  and  use 
0.5  Y  in  place  of  1'. 

Allozcaiicc  for  Extra  Impedance — Only  a  very 
slight  error  is  introduced,  for  power  transmission 
lines,  by  adding  the  resistance  and  reactance  of  the 
transformers  and  protective  reactance  coils,  referred 
to  high  tension,  to  the  line  resistance  and  reactance, 
when  convergent  series  are  used  as  in  this  article. 
The  exact  solution  would  involve  treating  the  im- 
pedances at  the  ends  as  separate  sections  of  the  line, 
each  section  to  be  calculated  by  itself,  but  this 
method  is  long,  and  does  not  lend  itself  to  the  direct 
solution  of  the  problems  considered  above. 
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EXAMPLE,  200-MILE  CONSTANT- VOLTAGE  LINE 

Effect  of  capacity  to  be  included  in  the  calculations. 

Conductor 400  000  circ.  mil.  copper  cable 

Effective    spacing 20  feet 

Constant  supply  voltaic E.s  =  150  coo  volts 

Constant   receiver  voltage E  ^  I  looco  volts 

Resistance  per  conductor,  including  trans- 
formers and  protective  coils R=:3i.8  ohms 

Reactance  per  conductor,  including  trans- 
formers and  protective  coils X  =  244.4  ohms 

Capacity  susceptance  per  conductor.  .Y  ^  +  jo.001038  mhos 
(Leakage  is  assumed  to  be  zero.) 

Full  load  delivered  at  receiver 50000  kilowatts 

Power-factor  of  lead,  lagging 85  percent 

Frequency    60  cycles 

To  Drazv  the  Circle  Diagram — E'-t-j  E"  =  1 10  000  (0.875-1- 
j  0.015)  =  06300  +  J1700.  R'-l-j  X'=  (31.8  + j  244.4)  (0.058 
-H  J0.0Q54)  =  29.2  -H  j  234.4* 

a:= —   6300  kw.  (F(|uation  2). 

b:=  -I-  44400  k.v.a.  (Equation  3). 

c-=.+  69900  k.v.a.  (Equation  4). 

Tlie  circle,  straight  line,  and  ellipse  may  now  be 
drawn  to  make  the  comiilete  diagram,  which  is  drawn 
to  scale  for  this  problem,  in  Fjo;.  1.  The  theoretical 
maximum  load   for  the  voltages  specified  is: — 

{igooo  —  6300  =  63600  kw.  (Equation  5). 

The  reactive  k.v.a.  in  the  line  at  the  receiver  end, 
when  the  delivered  load  is  50  000  kw,  is  EQ  -^  i  000 
where  0   is   found   from  the  equation, — 
558 Q"  —  2  Q  X 2250 4- 123 200  =  o.f 

*Y^G  +  jB,  When  G  =  o  as  in  this  case,  Y^jB 
Substituting  this  value,  and  Z^R-^jX  into  the  equation  de- 
fining E'-l-jE"  we  get 

into  which  the  numerical  values  can  be   sulistituted   directly. 
The  other  equations  are  solved  similarly. 

tFor  simplicity  this  equation  has  been  divided  by   10  000. 


T,  _.  2250  —  ^5070000  —  690000  ,       „     ,T-  ■  ^, 

lhcnQ=   — ~-r,6 =  +  28.  (Equation 6). 


The  reactive  k.v.a. 


X 28  =  3100  k.v.a.     (leading). 


The  line  power-factor  at  the  receiver  end  is  99.8 
percent,  and  is  leading  since  Q,  as  found  above,  is 
positive.     (Equation  7.) 

The  capacity  of  synchronous  motors  required  to 
maintain  constant  voltage  for  a  load  of  50  OCX)  kilo- 
watts, that  is,  to  correct  the  power-factor  from  85 
percent  lagging  to  99.8  percent  leading,  is, — 

(28-^    ^  '   X454)  =34  100  k.v.a.     (Equations). 
1000  0.850 

For  other  problems  it  is  necessary  to  make  use 

of  the  following  quantities: — 

A  -I-  j  B  =  102900  +  J  109  100. 
C  +  j  D  =        397  +  j         141. 

The  generator  power-factor,  for  a  load  of  50000 

kilowatts   delivered   at   the   receiver  end   of  the  line, 

is, — 


too  (409-1- 154)         „ 

-^-    -----^      =  89.1  percent. 

1.50  X  421  ^      ^ 


(Equation  12). 


The  generator  reactixe  k.v.a.  is, — - 

( 102  900  X  141  —  IC9  100  X  397)  =  —  28  800  k.v.a. 

1000  (Equation  13). 

S'nce  this  quantity  is  negative,  the  power-factor 
at  the  generators  is  lagging,  and  the  generators  there- 
fore require  a  strong  field  current. 

The  efficiency  of  the  transmission  line,  for  50000 
kw  load,  is, — 

--i^^^^iSOooooo^  =88.8  percent.     (Equation  14). 

102  900X397 -I- 109  100  X  141 


Shop   Testing    of  Electrical   Apparatus— XX 


THREE-PHASE 

IN  MOST  RESPECTS  the  tests  on  three-phase 
transformers  are  similar  to  the  corresponding 
tests  on  single-phase  transformers,  the  difiference, 
where  there  is  any,  being  due  to  the  added  complica- 
tion of  windings  and  the  greater  number  of  possible 
connections.  The  logical  order  in  which  the  indi- 
vidual tests  arc  made  is  also  the  same  for  both  single- 
phase  and  three-phase  transformers ;  that  is,  in  order 
to  perform  the  individual  tests  in  quick  succession, 
each  one  being  as  little  affected  as  possible  by  those 
just  completed,  the  following  is  the  advisable 
order : — 


I — Ratio 
2 — Polarity 
3 — Parallel  test 
4 — Resistance 
S — Core    loss    and    ex- 
citing current 


7 — Temperature  run 

8 — Lisulation   test 

a — Insulation   resistance 
b — Disruptive   test 
c — Overpoienttal   test 

9 — Regulation 


6 — Copper      loss      and  10 — Efficiency 

impedance 

The  tests  are  governed  to  some  extent  bv  local 
conditions,  and  also  by  the  method  of  cooling  and  the 
service  for  which  the  transformers  are  designed  ;  that 
is,  according  to  whether  they  are  self-cooled,  water- 


TRANSFORMERS 

cooled  or  air-cooled  and  whether  they  are  for  use  on 
transmission  or  distributing  circuits. 

RATIO 

The  most  convenient  method  of  making  the  ratio 
test  of  a  three-phase  transformer  is  to  test  each  phase 
separately,  as  previously  described  for  single-phase 
transformers.  If  the  windings  of  the  transformer 
cannot  be  disconnected  readily,  a  three-phase  voltage 
may  be  used  and  the  three-phase  ratio  checked  di- 
rectly. 

POL.VKITV 

For  this  test  the  transformer  should  be  connected 
as  shown  in  Fig.  i.  Lead  C  on  the  high-tension 
winding  should  be  connected  to  lead  D  on  the  low- 
tension  and  the  three-phase  voltage  applied  on  leads 
A,  B,  and  C.  Then  measure  the  voltages  A-B,  A-C, 
B-C,  P-E,  E-F,  D-F,  A-E,  A-F,  B-E  and  B-F.  The 
first  three  voltages  will  of  course  be  equal,  and  the 
fourth,  fifth  and  sixth  will  be  equal,  the  ratio  of  the 
two  different  sets  being  the  ratio  of  transformation. 
The   seventh,   eighth,   ninth   and   tenth   voltages — that 
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is,  A-l'.,  .l-I-.  B-E,  and  B-E .  are  the  voltages  that 
determine  the  jwlarity,  their  relative  values  depend- 
ing upun   the  connections.* 

PARALLEL   TIIST 

When  it  is  possible  to  isolate  the  windings,  or 
where  it  is  desired  to  test  the  in(li\idual  coils  of  one 
phase,  the  parallel  test  on  a  three-phase  transfornier  is 


FIC.    I — DIAGRAM    OF   COXNKCTIONS    FOR    POLARITY    TEST 

made  in  exactly  the  same  manner  as  for  a  single- 
phase  transformer,  each  leg  of  the  three-phase  trans- 
former being  tested  separately. 

RKSISTANCE 

Since  all  leads  from  the  winding  of  a  three- 
phase  transformer  are  customarily  brought  to  the 
terminal  l)oard  separately,  it  is  usually  most  con- 
venient to  measure  the  resistance  of  three-phase 
transformers  with  all  the  high-tension  windings  in 
series,  and  all  the  low-tension  windings  in  series. 
This  method  is  especially  convenient  when  measur- 
ing hot  resistances  on  account  of  the  fact  that  the 
temperature  run  on  a  three-]ihase  transformer  is 
usually  made  with  the  windings  connected  in  delta. 
If  either  winding  is  connected  permanently  in  star  or 
delta,  the  resistance  between  each  pair  of  terminals 
should  be  measured  and  recorded  in  such  a  way  as 
to  leave  no  doubt  as  the  connections  used  in  the  test. 

CORK    LOSS ■ 

The  core  loss  must  be  taken  with  all  the  phases 
excited  to  full  voltage,  with  the  voltages  in  the  cor- 
rect phase  relations.  The  transformer  is  connected 
according  to  whichever  of  the  diagrams.  Figs.  2.  3, 
or  4,  is  suitable  to  the  conditions  of  the  test,  the  same 
precautions  being  observed  in  bringing  the  potential 
up  to  full  rated  value,  as  with  single-phase  trans- 
formers. The  core  loss  will  then  equal  the  algeljraic 
sum  of  the  wattmeter  readings  when  the  core-loss 
\i>ltmeter  registers  the  rated  \oltage  of  the  trans- 
former. Correction  should  be  made  for  the  losses  in 
the  voltmeters,  potential  transformers  and  the  puten- 
tial  coils  of  the  wattmeter,  which  are  included  in  the 
wattmeter  readings.  The  volt-amperes  core  loss 
equals  EI  -;-  1.73  where  /:  is  the  reading  of  the  core 
loss  voltmeter  and  /  is  the  sum  of  the  current^  in  all 
the  lines. 

COPPER   LOSS    AND    IMPEDANCE 

-Ml  precautions  as  described  for  the  measure- 
ment   of   the   copper   loss   and    impedance   of    single- 


phase  transformers  apply  as  well  to  three-phase  trans- 
formers. The  simplest  method  of  making  this  test 
is  to  ap|ily  it  to  each  phase  separately  as  described  for 
single-phase  transformers.  Where  this  it  incon- 
venient or  where  the  sa\  ing  of  time  is  an  object 
the  total  losses  in  the  transformer  on  a  three-phase 
circuit  may  be  obtained  by  the  same  connections  as 
are  used  in  the  core-loss  test,  Figs.  2.  3.  or  4,  e.x- 
ce[)t  that  the  measurements  are  customarily  made  on 
the  high-tension  rather  than  on  the  low-tension  side, 
and  the  transformer  secondary  is  short-circuited.  If 
desired,  the  ammeters  may  be  inserted  in  the  short- 
circuited  secondary  leads,  instead  of  on  the  primary 
side.  As  in  the  core-loss  test,  the  connections  may 
1)6  made  to  whichever  side  of  the  transformer  is 
more  convenient  for  the  instruments  available  and  the 
testing  circuit. 


*For  a  discussion   of   tliese   relations   see   article   liy   Mr. 
W.  M.  McConaliey  in  the  Jocr.nal  for  July.  loij.  p.  6i'j. 


71CS.    2,    3    and    4 — METHODS    OF    CQNXECTIXG    TRANSFORMER    FOR 
A   CORE   LOSS   TEST 

Fig.  _'  for  small  current  at  a  moderate  voltage. 
Fig.  3  for  large  current  at  a  low  voltage. 
Fig.  4  for  large  current  at  a  high  voltage. 

If  the  transformers  are  excited  from  a  three- 
[)hase  e.m.f..  care  must  be  exercised  that  the  currents 
in  all  three  phases  are  the  same.  The  normal  current 
in  each  line  is  calculated  from  the  formula 

■, 1000  X  K.v.a. 

~        173  X  E 
in  which  /  is  the  current  in  one  line,  E  is  the  poten- 
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tial  hetwceii  phases  ami  K.im.  is  ilie  normal  rated 
value  of  the  transformer.  The  voltages  between 
lines  when  full-load  current  is  flowing  in  the  trans- 
former are  the  impedance  voltages.  These  voltages 
.should  be  observed  at  the  same  time  that  the  watt- 
meter readings  of  copper  loss  are  observed. 

In  this  test  it  is  not  at  all  necessary  that  the  im- 
pressed e.m.f.'s  shall  be  in  the  correct  phase  relation, 


FH;.  5 — niACK.\M  INDIC.VTING  DIRECTION'  OF  FLU.K  IV  A  SHKU.- 
TVPE  TRAXSFORMKR  WITH  SIXGLE-PH ASE  Cl'RREXT  IX  COILS 
ALL   WOIXD   IN    THE    SAME   IlIRECTIOX 

and  if  desired  all  three  phases  may  be  simultaneously 
excited  from  a  single-phase  source.  In  a  shell-type 
transformer  this  may  be  done  by  simply  connecting 
both  sides  in  delta,  opening  the  delta  on  one  side,  and 
connecting  the  single-phase  e.m.f.  to  the  leads  thus 
formed.  In  a  core-type  transformer  it  is  necessary  that 
the  windings  on  one  phase  be  reversed  for  this  con- 
nection, as  otherwise  the  fluxes  in  the  three  legs 
of  the  core  will  be  all  in  the  same  direction,  as  shown 
in  Fig.  5,  and  the  impedance  drop  will  be  very  large. 
The  percent  impedance  drop  of  a  delta-connected 
transformer  tested  in  this  way  ec^uals 

lOO   X   measured   impedance  \oltage 
3  X  impressed  voltage 
The    percent     impedance    dro])    of    a    star-connected 
transformer   under   the^e   conditions   ecjuals 

loo  X  measured  impedance  voltage 
1.732  X   impressed  voltage 

TICMl'EKATL'KE    RUN" 

The  temperature  tests  on  three-phase  transform- 
ers  ditier   from   those  of   the  corresjionding  tvpes  of 


FIG.   6 — COX.VECTIOX    DIACRA.M    FOR   A   TEMPER.\TVRE   TEST 

Loading  single-phase   and   magnetizing  three-phase,  both 
on  the  f^ijrc  winding  of  the  transformer. 

shigle-phase  transformers  in  tiie  methods  of  connec- 
tion and  the  number  and  locations  of  tiie  ther- 
mometers used  to  indicate  the  temperatures  of  the 
various  parts.  The  transformer  should  be  con- 
nected   according    to    whichever    of    the    schemes    of 


connections  shown  in  Figs.  6  and  7  is  most  suited 
to  the  conditions  of  the  test.  The  connections  shown 
in  Fig.  6,  may  be  applied  to  either  the  low-tension  or 
high-tension  windings;  it  is  usually  more  convenient 
to  test  high  potential  transformers  on  the  low-tension 
side  and  vice  versa.  With  the  scheme  of  connections 
shown  in  Fig.  7,  both  windings  must  be  grounded  as 
shown,  in  order  to  prevent  excessive  static  strains  be- 
tween the  windings  and  ground.  If  two  exactly  sim- 
ilar transformers  are  to  be  tested,  the  scheme  of  con- 
nections shown  in  Fig.  8  may  be  used.  Before  start- 
ing the  run,  the  cold  resistances  of  both  windings 
should  be  measured  with  the  respective  windings  con- 
nected in  a  delta,  which  is  opened  at  one  point. 

One  thermometer  tube  should  be  placed  between 
the  low-tension  coils  of  each  phase  and,  if  the  trans- 
former is  oil  insulated,  a  thermometer  for  indicating 
the  oil  temperatures  throughout  the  run  should  be 
hung  with  its  bulb  about  two  inches  under  the  sur- 
face of  the  oil.  A  thermometer  for  indicating  the 
temperature  of  the  surrounding  air  should  be  hung  in 
such  a  location  as  to  indicate  the  average  air  ternpera- 
ture  in  the  neighborhood  of  the  transformer. 

Having  placed  and  read  all  thermometers  and 
having  the  transformer  correctly  connected,  the  switch 


To  Thf,-g-Ph«s/-  M.i^ 


iz  ol       47 


mg  Transfonnef  [ 


03  o*       oi  l^        o3  4 


I"'-     7 — TEMPERATURE     TEST     0.\     A     THREE-PHASE     TRANSFORMER 

Loading    single-phase    on    one    winding   and    magnetizing 


three-phase  on  the  other. 

connecting  the  loading  transformer  to  the  power  cir- 
cuit should  be  closed,  applying  a  low  voltage  to  the 
transformer  on  test.  The  switch  short-circuiting  the 
ammeter  should  then  be  opened  and  the  value  of  the 
current  observed.  Ry  ineans  of  the  variable-ratio 
loading  transformer  the  current  should  be  gradually 
increased  to  the  normal  value  for  the  winding.  The 
oil-switch  connecting  the  magnetizing  transformer  to 
the  power  circuit  should  then  be  closed,  and  the  volt- 
age on  the  transformer  raised  to  normal.  The  load 
current  should  be  checked  and,  if  necessary,  read- 
justed to  normal  after  the  magnetizing  voltage  has 
been  applied. 

When  the  temperature  of  the  transformer  as  in- 
dicated by  the  thermometer  in  the  oil  and  coils  has 
been  constant  for  four  consecutive  half-hour  read- 
ings, and  the  temperature  of  the  surrounding  air  has 
not  varied  over  1.5  degrees  during  the  four  readings, 
the  hot  resistances  of  the  respective  windings  should 
be  measured.  All  preparations  possible  should  be 
made   before   disconnecting   the   transformer   on    test 
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from  the  source  of  power.  Unless  otherwise  desired 
for  some  special  reason,  the  open  delta  resistances  are 
taken,  and  the  low-tension  side  is  measured  first.  Any 
overload  runs  should  be  made  in  the  same  manner  as 
the  full-load  run. 

The  above  procedure  applies  to  any  self -cooled 
thrce-i)hase   transformer   and    is    similar   to   that    for 
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FIG.     8;— DI.'VGRAM     OF     CONNECTIONS     FOR     LOADING     TWO     THFEE- 
PH.\SE    TR.SNSFORMEKS    IN    OPPOSITION 

Magnetizing  and  loading  on  the  same  windings. 

any  other  method  of  cooling  except  that  additional 
thermometers   are  located  as   follows : — 

On  water-cooled  oil-filled  transformers  one  ther- 
mometer should  be  placed  with  its  bulb  just  under  the 
surface  of  the  oil,  three  in  tubes  for  coil  tempera- 
tures, that  is  one  on  each  phase,  one  in  the  ingoing 
cooling  water,  one  with  its  bulb  protected  by  a  felt 
pad  on  each  cooling  coil  pipe  at  the  discharge  end  and 
an  inch  or  so  from  the  tank,  one  in  the  common  dis- 
charge of  the  cooling  coils,  and  one  for  indicating  the 
air  temperature.  The  rate  of  flow  of  water  through 
the  cooling  coils  should  be  carefully  regulated  and  ad- 
justed. 

On  air  blast  transformers,  one  thermometer 
should  be  placed  at  some  point  near  the  intake  of  the 
blower  supplying  air;  one  in  the  air  chamber  near  the 
base  of  the  transformer ;  one  on  the  core  at  each  air 
outlet;  from  four  to  six  on  the  coils  of  each  phase  of 
the  transformer;  one  in  the  outgoing  air  from  the 
core  at  each  outlet.     Otherwise  the  location  of  ther- 
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FIGS.    9   AND    10 — DISRUPTIVE   TESTS   OX    THREE-PHASE   SHEI.L-TVJE 
TRANSFORMERS 

Fig.  0 — ^High-tension  to  low-tension  and  core. 
Fig.  10 — Low-tension  to  core. 

mometers   is   as   described   above   for   all   three-phase 
transformers. 

During  the  run  on  an  air-blast  transformer  the 
method  of  regulating  and  adjusting  the  air  is  exactly 
as  described  for  single-phase  transformers.  When 
shutting  down,  the  air  blast,  load  current  and  magne- 
tizing voltage  should  be  stopped  simultaneously,  as 
nearly  as  possible.     A  series  of  readings  should  then 


be    taken,    indicating   the    maximum    temperature    by 
thermometer,  as  already    described    for    single-phase 

transformers. 

INSULATION   TESTS 

In  general,  the  same  insulation  tests  are  made  on 
three-phase  transformers  as  are  made  on  single-phase 
transformers,  the  only  difference  occurring  when  it 
becomes  necessary  to  make  the  overpotential  test  on 
a  three-phase  core-type  transformer  with  single-phase 
current. 

Disruptive  Tests. — When  the  overpotential  test 
is  to  be  made  with  three-phase  current  or  if  a  shell- 
type  transformer  is  to  be  tested  with  single-phase 
current,  it  should  be  connected  as  shown  in  Fig.  9, 
for  the  disruptive  test  from  the  high-tension  windings 
to  the  low-tension  windings  and  core,  and  Fig.  10  for 
disruptive  test  from  the  low-tension  winding  to  the 
core.  If  a  core-type  transformer  is  to  be  tested  with 
single-phase  current,  the  disruptive  test  should  be 
made  on  each  phase  separately.  As  shown  in  Fig.  11, 
when  testing  from  one  high-tension  winding  to  the 
low-tension  and  the  core,  all  windings  of  the  other 
phases    as    well  as  the    low-tension    winding    of    the 


FIG.  II — DISRUPTIVE  TEST  ON  A  CORE-TYPE  TRANSFORMER,  HIGH- 
TENSION  TO  LOW-TENSION  AND  CORE.  WITH  SINGLE-PH,\SE 
VOLTAGE 

phase  being  tested  should  be  connected  to  the  core  in 
order  that  the  insulation  between  the  high  tension 
windings  of  the  different  phases  may  be  tested. 

Overpotential  Tests. — Whenever  possible,  over- 
potential  tests  on  three-phase  transformers  should  be 
made  with  three-phase  current.  In  this  case  the 
transformer  should  be  connected  as  for  normal  opera- 
tion, and  the  same  precautions  and  directions  ob- 
served as  for  testing  single-phase  transformers.  If 
it  becomes  necessary  to  make  this  test  with  single- 
phase  current,  each  phase  should  be  tested  separately, 
as  described   for  single-phase  transformers. 

REGUL.\TION  AND  EFFICIEXCV 

The  method  of  calculating  the  regulation  and 
efficienc}'  of  three-phase  transformers  from  the  test 
data  is  exactly  the  same  as  for  single-phase  trans- 
former. Ordinarily,  in  calculating  regulation,  the  re- 
sistance and  reactance  drop  of  all  three  coils  in  series 
is  determined  and  the  result  divided  by  three,  the  pro- 
cedure then  being  as  already  described  for  single- 
phase  transformers,  giving  the  average  or  over-all 
regulation  of  the  three-phase  transformer. 

In  the  same  way  the  procedure  for  efficiency,  as 
determined  from  the  output  or  input  and  the  losses, 
is  identical,  regardless  of  the  number  of  phases. 
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Speed  Characteristics  of  Direct-Current  Motors 

K.  L.  Hansen  anu  C.  G.  Lewis 

BY  CHAXGISG  THE  METHOD  of  exciting  the  fields  of  direct-current  motors  the  needs  of  any 
installation  can  be  met.  /«  the  following  article  the  methods  of  taking  care  of  the  requirements  of  special 
applications  by   the   use   of   different  classes  of   motors  are  explained. 


A  GREAT  variety  of  requirements  must  be  met 
in  the  application  of  motors  in  ordinary  in- 
dustrial service.  For  instance,  there  are  ap- 
plications requiring  very  high  starting  torques,  such 
as  hoist  and  crane  installations,  where  a  motor  must 
be  able  to  exert  the  required  torque  without  too  heavy 
a  current  demand  on  the  line ;  there  are  applications 
which  make  it  necessary  that  the  driving  motor  shall 
drop  off  in  speed,  and  exert  an  increased  torque  when 
the  load  is  suddenly  applied.  Examples  of  this  are 
large  shears  and  punches  which,  since  they  generally 
have  a  flywheel,  demand  that  the  motor  speed  shall 
drop  off  as  the  load  comes  on  so  that  the  flywheel  may 
help  the  motor  during  the  peak  loads.  There  are  also 
cases  which  require  a  constant  speed  over  the  whole 
range  of  load  such  as  fan  and  blower  installations. 
The  special  feature  of  the  performance  of  direct- 
current  motors,  which  distinguishes  between  series, 
shunt  and  compound  motors  is  the  speed  characteris- 
tic, or  the  change  in  speed  with  a  change  in  load.  At 
constant  applied  voltage  this  change  is  dependent  upon 
the  change  in  the  re- 
sultant flux  per  pole 
as  the  load  changes, 
and  on  the  internal 
resistance  drop  in 
voltage.  Assuming 
constant  field  exci- 
tation, the  resultant 
magneto  -  motive 
force  at  any  load 
depends  on  several 
different  conditions. 
It  is  affected  by 
the  armature  mag- 
netomotive force,  more  or  less  according  to  the  brush 
position.  If  the  brushes  are  not  set  on  the  neutral  po- 
sition, some  of  the  armature  ampere-turns  are  either 
directly  opposed  or  added  to  the  field  ampere-turns  ac- 
cording to  whether  the  brushes  are  given  a  forward 
or  backward  lead.  In  commutating-pole  motors  the 
resultant  magnetomotive-force  is  affected  by  the  de- 
gree of  compensation.  If  the  motor  is  over-compen- 
sated, the  armature  coils  which  are  undergoing  com- 
mutation have  a  current  flowing  in  them  in  such  a  di- 
rection that  the  resulting  magnetomotive-force  has  a 
demagnetizing  effect  on  the  field.  If  the  motor  is  un- 
der-compensated the  coils  being  conimutated  have  an 
opposite  etTect. 

Since  these  conditions  determine  the  resultant  mag- 
netomotive-force, they  determine  the  flux  more  or  less 
according  to  the  saturation  of  the  pole  tips  and  lengths 
of  air-gaps,  and  hence,  assuming  constant  field  excita- 
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tion,  they  determine  the  speed  characteristic.  This  is 
shown  by  the  voltage  formula  for  direct-current  mo- 
tors : — 

EX  1C« 


R.  = 


or  R 


2.\XPX* 
EX  10* 


for  a  two-circuit  armature; 


for  a  multiple  wound  armature. 


:JNX  * 

Where, 
E^  induced  e.m.f 
.V:=  number  of  armature  turns. 
P  =r  number  of  pairs  of  poles. 
^  ^  flux  in  c.  g.  s.  lines  per  pole. 
/?,^  revolutions  per  second. 

THE  SERIES  MOTOR. 

As  an  illustration  of  a  series  motor  consider  a 
37.5  horse-power,  four-pole,  230  volt,  540  r.p.m.,  mill 
motor  with  a  two-circuit  winding,  having  a  total  of 
210  turns  on  the  armature  and  32  turns  per  series  coil. 
The  motor  is  supplied  with  commutating  poles   and 
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FIG.      2 — CURVES      SHOWING      THE      INVERSE      RELATION      BETWEEN 
TORQUE   .•VND   SPEED   FOR   THK    MflTflR    SHOWN    IN    FIG.    I 

operates  with  the  brushes  on  the  no-load  neutral,  so 
there  is  no  demagnetizing  effect  due  to  the  armature 
current  when  the  motor  is  loaded.  There  is,  how- 
ever, a  distortion  of  the  main  field  under  load  due 
to  cross  magnetization,  and  the  total  flux  per  pole  will 
be  lessened  on  account  of  the  unequal  saturation  of 
the  two  sides  of  the  poles.  The  m.m.f.  of  the  field 
varies  directly  with  the  current  and  a  curve  may  be 
plotted  showing  the  net  flux  per  pole  at  any  load, 
as  shown  in  Fig.  i.  The  total  resistance  of  arma- 
ture, series  and  commutating  field  coils  is  0.13  ohms. 
The  current  at  full  load  is  140  amperes,  hence  the  to- 
tal IR  drop  of  the  windings  is  18  volts,  and  the  in- 
duced volts,  212.  The  series  ampere-turns  per  circuit 
at  full  load  =  8960  and  the  total  flux  per  pole  =  2.& 
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megaliiics.     Sulistituling  in  the  forimila  for  speed, 


R.iJ.m 


_       2i2Xio"x6o 


=  540 


2  X  420  X  2  800  000 

In  tlie  same  way  the  speed  may  be  calculated  at 
any  load  and  a  curve  plotted  with  amperes  load  as  ab- 
scissae and  r.p.m.  as  ordinates,  as  shown  in  Fig.  2. 

Before  saturation  is  reached  the  flux  increases  al- 
most in  direct  proportion  to  the  current,  and  the  torque 
varies  about  as  the  square  of  the  current.  At  heavy 
loads,  when  the  magnetic  circuit  becomes  saturated, 
the  flux  becomes  almost  constant,  and  the  torque  then 
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KIG.    3 — CURVES    SHOWING    VARIOUS    TYPES    OF    SPEED    CH.\R.\CTICR- 
ISTICS   FOR  SHUNT   MOTORS 

Curve  I  from  a  20  hp,  4  pole,  230  volt,  QOO  r.p.m.  motor. 
Curve  II  from  a  50  hp,  4  pole,  230  volt,  575  r.p.m.  motor. 
Curve  III  from  a  4  hp.  4  pole,  230  volt,  235  r.p.m.  motor. 

increases  in  direct  proportion  to  the  current.  Over  the 
entire  operating  range,  however,  there  is  some  increase 
in  flux  with  an  increase  in  current  and  consequently 
the  series  motor  on  overload  develops  a  greater  torque 
at  a  lower  speed  and  with  less  current  consumption 
than  a  motor  with  constant  field  excitation.  It  also 
develops  a  greater  starting  torque  and  accelerates 
more  rapidly  to  its  normal  speed  than  a  shunt  motor. 
These  inherent  characteristics  of  the  series  mo- 
tor— high  starting  torque  and  variation  of  speed  with 
the  load — make  it  suitable  for  many  applications,  such 
as  hoists,  cranes,  railways,  etc.  In  the  case  of  rail- 
ways, heavy  starting  torques  are  required  to  overcome 
the  inertia  of  trains  or  cars.     In  the  case  of  hoists, 

weights     are 


small 

liftctl  more  quickly 
than  heavier  ones 
and  varying  speed 
motors  are  desirable. 
If  the  load  be 
removed  f  r  o  m  a 
series  motor  its  ex- 
citation   becomes 

very  small  and  the  motor  mav  attain  excessive  speed. 

It  should,  therefore,  never  be  applied  where  there  is 

any  possibility  that  its  load  will  be  entirely  removed. 

as  for  instance  in  the  case  of  belt  drives. 

THE  SHUXT  ilOTOR 

A  shunt  motor  maintains  in  general  a  constant 
speed  with  a  change  in  load.  Since  in  the  shunt  wound 
motor  the  e.xciting  winding  is  connected  directlv  across 
the  line  at  all  times,  the  excitation  is  constant  at  all 
loads,  and  therefore  the  speed  characteristic  of  shunt 
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motors  depends  entirely  on  the  internal  voltage  drop  of 
the  motor,  the  armature  reaction  and  the  position  of  the 
brushes.  Since,  as  is  generally  the  case  with  the  com- 
mutating-pole  motors  now  in  use,  the  brushes  are  in 
the  neutral  position,  it  will  be  assuiued  that  they  are 
so  placed.  Then  the  sjjced  characteristic  of  a  shunt 
motor  depends  on  whether  the  IR  drop  or  the  arma- 
ture reaction  has  the  predominating  efifect.  If  the 
former  is  the  stronger,  the  speed  curve  of  the  motor 
will  drod])  with  increasing  load:  if  the  latter  predomi- 
nates the  s])ee(l  will  rise  with  the  load.  Usually,  how- 
e\er,  the  IR  dro[)  effect  is  stronger  on  one  part  of  the 
cur\e,  generally  at  light  loads,  and  at  the  heavier  loads 
the  distortion  and  consc(|ucnt  fielrl  weakenir.g  is  -'le 
stronger  eft'ect. 

Several  speed  characteristics  of  shunt  motors 
taken  from  tests  are  shown  in  Fig.  3.  In  curve  /, 
up  to  approximately  one-half  full  load,  the  speed 
drops  off.  since  o\er  this  range  the  internal  IR  drop 
of  the  motor  has  a  stronger  effect  than  field  weaken- 
ing due  to  distortion,  while  at  heavier  loads  the  speed 
tends  to  increase.  .\  motor  with  a  speed  characteristic 
like  this  is  very  liable  to  be  unstable  over  the  range 
where  the  curve  is  rising,  for  the  greater  the  load  the 
higher  will  be  the  speed  un-  ,--^^^ 

less  some  other  effects  come  ,^^  ^^ 

in.  Motors  having  this  type 
of  speed  curve  should  be 
avoided.  Curve  //  is  the 
ideal  curve  for  a  slunit  nm- 
tor.  In  this  case  the  IR  drop 
nearly  counteracts  the  rise  in 
speed  which  would  obtain  if 
only  the  action  of  the  field 
weakening  due  to  distortion 
were  present.  Curve  /// 
shows  a  distinctly  drooping 
speed  characteristic.  There  is  a  comparatively  large  in- 
ternal drop  in  this  motor.  Slow-speed  motors  such  as 
this  one  ha\e  a  larger  IR  drop  than  higher  speed  mo- 
tors and,  therefore,  their  speed  curve  droops  more. 

The  torque  in  shunt-wound  motors  is  proportional 
to  the  current  uiUil  the  field  weakening  due  to  distor- 
tion begins  to  have  an  eff'ect.  when  the  torque  becomes 
less  than  proportional  to  the  current.  This  is  shown 
from  the  equation  for  torque  in  direct-current  motors: 

_     211  X  I  \  4' 

^~8.52X  (10)' 

Where. 

T  ^  internal  tnrque  nf  nintor. 
n  =  total  number  of  conductors. 
/  :=  armature  current  per  conductor. 
*  ^=  net  flux  in  c.  g.  s.  lines. 

The  value  of  *  decreases  with  the  load  very 
slightly  until  fairly  hea\y  loads  are  reached.  A  typical 
torque  curve  of  a  shunt  motor  is   shown  in  Fig.  4. 

Shunt  motors  are  most  useful  where  a  constant 
torque  is  required  at  a  constant  speed.  Motors  v/nich 
are  to  be  used  for  fans  and  blowers  of  various  kinds 
where  a  high  starting  torque  is  not  necessary  and 
where  a  constant  torque  only  need  be  exerted  when 
the  motor  is  up  to  speed,  should  be  shunt  wound.    !Mo- 


FIG.  5 — WITH  THE  COIL  IN 
THE  POSITION  SHOWN 
THE  FLU.\  DUE  TO  THE 
CURRENT  FLOWI.NG  IX  IT 
MUST  EITHER  .\SSIST  OR 
OPPOSE  THE  M.\IN  PCLE 
FLUX 
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tors  for  drivinj,'  line  shafting,  motors  for  running  circuit  docs  not  start  to  saturate  until  the  current 
grinding  and  hulling  machines,  for  centrifugal  pumps  reaches  about  no  amperes,  where  before  >aturation 
and  innumerable  other  similar  applications  require  the  commenced  at  about  50  amperes.  The  speed  curve  still 
characteristics  of  the  shunt-wound  machine.  had  the  rising  characteristic  since  the  motor  was  over- 
That  the  degree  with  which  the  conimutating  pole  compensated,  so  in  order  to  give  the  machine  a  droop- 
compensates  for  the  reactance  voltage  induced  in  the  ing  characteristic  the  commutating  pole  air-gap   was 
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FIG.    6 — SPEED   CURVES   ON    .\    30    HORSE-POWER,   23O   VOLT,    430-C)OO 
R.P.M.   ELEV.MOR   .MOTOR 

Showing  various  commutating  pole  effects. 
coils  undergoing  commutation  has  an  effect  on  the 
speed  characteristic,  notably  on  that  >ji  the  shunt  mo- 
tor, may  be  seen  from  Fig.  5.  The  armature  coil  is 
shown  in  the  position  of  short-circuit,  and  in  this  po- 
sition makes  a  complete  turn  around  the  main  pole. 
Therefore,  if  there  happens  to  be  any  current  flowing 
in  this  coil  a  flux  will  be  produced  which  either  adds 
to  or  subtracts  from  the  main  field  flu.K.  When  the 
commutating-pole  e.xactly  compensates  for  the  react- 
ance voltage  there  is  no  current  flowing  in  the  arma- 
ture coil  short-circuited  by  the  brushes.  However, 
when  the  motor  is  over-compensated,  that  is  when  the 
commutating-pole  inore  than  compensates  for  the 
short-circuit  voltage  of  the  armature  coils,  a  current 
flows  in  such  a  direction  as  to  demagnetize  the  maiii 
field,  and  vice  versa. 

Curve  /  of  Fig.  6  which  show's  the  original  speed 
characteristic  of  this  motor,  brings  out  this  point.  The 
speed  rises,  up  to  a  little  less  than  one-half  full  load, 
and  then  drops  off  rapidly  as  the  load  is  increased. 
Up  to  one-half  full  load  the  brush  potential  curves  of 
the  motor  showed  it  to  be  slightly  over-compensated. 
When  the  load  is  further  increased  the  brush  potential 
curves  show  strong  under-compensation,  and  on  ac- 
count of  this  the  speed  drops  oft'  very  quickly,  as  the 
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FIG.    7 — SPEED    CH.\R.\CTERISTIC    OF    \    37.5    HORSE-POWER.    4    POLE 
230    VOLT.    540    R.P.M.    COMPOUND    WOUND    MILL    MOTOR 

Showing  the  effect  of  heavy  compounding. 

curve  shows.  This  sudden  under-compensation  is  due 
to  saturation  in  the  commutating-pole  circuit,  and  in 
order  to  cure  this,  commutating  poles  of  larger  cross- 
section  were  installed  in  the  motor,  .\fter  this  change 
the  curve  shown  in  Curve  //.  Fig.  6,  was  obtained. 
As  may  be  seen  from  this  curve  the  commutating-pole 
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FIG.    8 — SPEED    CURVE    OF    A    40    HORSE-POWER.    4    POLE.    23O    VOLT, 
800-1400    R.P.M.    BENDING-ROLL    MOTOR 

This   type   of    motor    is   especially   heavily    compounded, 
giving  it  almost  the  speed  characteristic  of  the  series  motor. 

increased.     The  final  curve,  shown  in  Curve  ///,  Fig. 

6,  shows  a  distinct  drooping  characteristic. 

COMPOUND   -MOTOR 

In  practice  many  applications  are  encountered  for 
which  a  series  motor  would  be  suitable  except  for  the 
fact  that  it  tends  to  race  at  no  load.  It  also  frequently 
happens  that  motors  with  speed  characteristics  of  the 
shunt  motor  and  the  starting  characteristics  of  the  ser- 
ies motor  are  wanted.  In  such  cases  compound-wound 
motors  should  be  used.  The  compounding  may  vary 
all  the  way  from  series  motors  with  Just  sufficient 
shunt  ampere-turns  to  keep  them  from  running  away 
at  no  load  to  motors  with  almost  constant  speed  char- 
acteristics, as  shown  in  Figs.  7.  8  and  9.  In  the 
majority  of  cases,  the  shunt  and  series  ampere-turns 
are  proportioned  to  give  approximately  20  percent 
speed  variation  from  no  load  to  full  load.  The  com- 
pound motor  covers  a  wide  field  of  application,  over- 
lapping somewhat  those  of  the  series  and  shunt  motors. 

SPEED  CONTROL 

The  speed  of  direct-current  motors  may  be  ad- 
justed b)'  controlling  the  field.  This  characteristic  is 
very  useful  in  industrial  applications.  The  speed 
characteristic  \aries  considerably  at  the  different  field 
strengths  due  the  changes  in  saturation.  In  general, 
the  speed  regulation  is  larger  at  weak  field  strength. 
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FIG.  9 — SPEED  CH.\R.\CTERISTIC  OF  .\  50  HORSE-POWER.  4  POLE,  23O 
VOLT,  I  700  R.P.M.  MOTOR.  COMPOU-VPED  TO  DRI\"E  .\  CEX- 
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since  the  change  in  flux  from  no  load  to  full  load  is  a 
larger  percentage  of  the  net  flux  than  with  a  strong 
field.  The  speed  regulation  of  a  motor  is  its  most  im- 
portant characteristic  from  the  standpoint  of  applica- 
tion and,  therefore,  the  application  should  be  studied 
carefully  in  this  respect  and  a  motor  selected  to  suit. 
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envelope  accompanies  the  query.  As  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reasonable  length  of  tieM 
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nil — Commutating  Pole  Motor— We 
liave  a  bi-pole  motor  with  two  com- 
mutating poles  (the  usual  commercial 
type  of  motor)  and  we  wish  to  change 
/this  motor  to  the  one  commutating 
rjjolc  type.  What  change  must  we 
make  in  the  motor  and  what  must  be 
tlic  polarity  of  this  one  commutating 
iiole.  s.  s.  c.  (n.  y.) 

When  one  commutating  pole  with  its 
»coil  is  removed  the  polarity  of  the  re- 
tnaining  pole  has  to  be  the  same  as  it 
was  before  the  other  pole  was  removed. 
The  number  of  turns  on  the  remaining 
ipole,  however,  should  be  increased, 
which  increase  can  be  calculated  approx- 
imately as  follows: — No.  of  turns  to  be 
added  to  remaining  coil  =;  Present  num- 
ber of  turns  per  commutating  pole  coil 
minus  (number  of  commutator  bars  x 
turns  per  armature  coil -4- 4).  The  re- 
moval of  one  commutating  pole  is  unde- 
sirable as  on  account  of  the  increase  in 
the  flux  of  the  remaining  pole,  this  pole 
will  become  more  saturated,  which  will 
decrease  the  overload  capacity  of  the 
machine.  Aside  from  this  the  removal 
of  one  pole  will  cause  an  unbalanced 
magnetic  pull  on  the  armature.  A.  B. 

1 1 12 — Transformer  Connections — For 
driving  an  air  compressor  on  construc- 
tion work  1  have  been  sent  two  220 
volt,  two-phase  induction  motors  and 
two  single-phase  transformers  2200  to 
22o,/iio  volts  and  three  wire  switches. 
The  only  available  current  is  2  200  volt. 
•three-phase,  three-wire,  with  grounded 
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FIG.     1 1 12     (a)     AND    (b) 

neutral.  How  must  I  connect  up  the 
transformers  to  obtain  two-phase, 
three-wire,  220  volt  current  or  some- 
thing that  will  approximate  it  closely 
enough  to  operate  a  motor  satisfac- 
torily for  a  temporary  installation? 

E.  c.  M.  (calif.) 
If  the  mi'ddle  point  of  the  2200  volt 
transformer  winding  is  accessible,  the 
transformers  can  be  connected  up  ac- 
cording to  Fig.  1112  (a).  With  the 
transformers  connected  for  2  200  to  220 


volt.s,  phase  .1  will  be  operating  at  IQO 
volts  and  phase  B  at  220  volts.  If  the 
middle  point  of  the  2200  volt  winding  is 
not  accessible,  the  transformers  can  be 
connected  in  open-V  as  shown  by  Fig. 
1112  (b).  This  will  give  220  volts  on 
both  phases  A  and  B  but  they  will  be 
60  electrical  degrees  apart  instead  of  90. 
This  will  somewhat  reduce  the  starting 
torque  as  well  as  the  pull-out  torque 
over  that  of  normal  operation.  Both 
of  the  above  arrangements  will  greatly 
unbalance  the  motor  currents,  so  that 
the  motor  capacity  may  be  greatly  re- 
duced,— possibly  so  much  that  the 
operation  will  be  unsatisfactory,     j.  F.  p. 

1 1 13 — Stresses  Between  Conductors — 

Is  there  any  published  data  giving 
mechanical  stresses  due  to  short  cir- 
cuits on  the  busses  and  switching  con- 
nections of  hydro-electric  generating 
stations?  j.  R.  v.  w.  (new  york) 

We  know  of  no  data  published  on  this 
suliject  as  the  result  of  actual  tests.  An 
idea  of  the  stresses  involved  may  be  ob- 
tained from  the  following  formulae  for 
the  inutual  attraction  or  repulsion  be- 
tween two  straight  parallel  conductors 
carrying  current; — F  =:  2.04iii2(l/b  1 10  " 
where  F  =  kilograms;  ii  and  i;  =:  the 
currents  in  the  wires  expressed  in 
amperes ;  /  ^  the  length  of  conductor 
and  b  ^=  the  separation  between  the 
wires,  expressed  in  the  same  units.  The 
force  will  be  an  attraction  if  the  cur- 
rents are  flowing  in  the  same  direction, 
and  vice  versa.  For  a  further  explana- 
tion of  this  formula  see  KarapetofT's 
"Magnetic   Circuits."   p.    257.  r.  r.  r. 

1 1 14 — Transformation  from  Two- 
Phase  to  Four- Wire,  Three-Phase — 
The  answer  to  question  922  shows  the 
use  of  three  transformers.  Can  this 
transformation  to  four-wire,  three- 
phase  be  made  with  two  transformers 
and  if  so.  wliat  are  the  taps? 

s.  c.  w.  (mo.) 

Transformation     from     two-phase     to 

four-wire   three-phase   can  be   made   by 


FIG.  1 1 14  (a) 

means  of  two  transformers  as  shown  by 
Fig.  1 1 14  (a).  This  is  the  two  phase- 
three  phase  "Scott"  connection  with  an 
extra  lead  brought  out  from  the  neutral 
point  at  O.  The  distance  a  to  O  should 
be  28.9  percent  and  a  to  b  S6.6  percent  of 
the  winding.  j.  F.  p. 

1115 — Grounding  Transmission  Line 
—  (a)  What  would  be  the  objections 
to  grounding  the  top  wire  of  a  delta 
connected  transmission  line  and  using 
it  both  as  conductor  and  ground  wire? 


(b) — We  Iiave  an  85000  volt,  star 
connected  and  grounded  transmission 
system  and  are  contemplating  using 
for  small  extensions,  a  single-phase 
feeder  with  one  wire  grounded  as 
shown  in  Fig.  11 15  (a).  Are  there 
any  practical  objections  to  this?  What 
abnormal  conditions,  if  any,  would 
take  place  on  the  main  transmission 
line  or  feeder  due  to  this  installation? 
The  unbalancing  would  be  about  two 
percent.  H.  o.  H.  (mexico) 

An  objection  to  (a)  is  that  the  poten- 
tial to  ground  of  the  two  lines  that  are 
not  grounded  will  be  increased  y^,  per- 
cent over  what  it  would  be  with  all  three 
lines  isolated.  Unless  the  line  is  liberally 


FIG.    1115    (a)    AND    (b) 

insulated   this  may  cause   trouble.     The 
system   connected   up   according   to    (b) 
would  have  one  phase  of  the  three-phase 
system  short-circuited.     The  ground  on 
the    single-phase    line    is    equivalent    to 
grounding   one   line   of   the    three-phase 
system.      This    in    connection    with    the 
grounded   neutral   forms   a   short-circuit 
for  one  phase.     By  omitting  the  ground 
on    the   85  000   volt    side   of    the   single- 
phase  line  the  system  should  operate  sat- 
isfactorily. J.  F.  P. 
II 16 — Exciting  Current  of  Transform- 
ers— What  percent  of  full-load  cur- 
rent   is    the    open    circuit    current    of 
small  distributing  transformers,  (about 
50  kilowatt  capacity)  and  large  power 
transformers  (about  5000  kilowatt  ca- 
pacity)—  (i)    With   cores   of   the   old 
steel:   (2)   With  cores  of  the  new  sil- 
icon steel.     Is  there  not  quite  a  large 
capacity  current  in  large  high  voltage 
(85000  volts  or  more)   transformers? 
What  is  the  value  in  percent  of  full- 
load  current  of  this  component,  and  is 
it  not  in  opposition    (180  degrees)   to 
the  magnetizing  current. 

H.  G.  H.   (MEXICO) 

The  open  circuit  current  of  a  trans- 
former is  the  vector  sum  of  the  exciting 
current  and  the  dielectric  chargin,g  cur- 
rent (capacity  current).  Both  of  these 
components  are  so  variable  for  different 
types  and  makes  of  transformers  that 
it  is  difficult  to  give  accurate  figures  of 
their  values.     The  results  of  a  number 
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of  tests  made  for  determining  these  val- 
ues is  given  in  a  paper  by  Mr.  \V.  W. 
Lewis,  in  the  Proceedings  of  the  .Ameri- 
can Institute  of  Electrical  Engineers,  for 
February,  \()ii.  p.  49°.  Transformers 
built  of  the  old  steel  will  generally  be 
found  to  take  a  smaller  exciting  current 
than  transformers  with  silicon  steel. 
The  capacity  current  is  appro.ximately 
i8o  degrees  out  of  phase  with  the  e.xcit- 
ing  current.  J.  F.  p. 

1117 — Drying  Cable — What  is  the  best 
way  to  dry  out  a  nine  conductor  paper 
insulated  lead  covered  cable.  The 
conductors  are  2/0;  the  cable  is  400 
feet  long  laid  in  si.x  inch  cast  iron 
conduit  under  a  canal. 

J.  G.  K.  (OXT.XRIO) 

If  this  conductor  is  wet  throughout  it 
cannot  be  successfully  dried  except  by 
stripping  the  lead  off,  drying  it  in  heated 
vacuum  impregnating  tanks,  and  replac- 
ing the  lead  sheath.  This  of  course  can 
be  accomplished  only  in  the  factory.  If 
it  is  wet  at  one  end  only  the  moisture 
probably  has  not  penetrated  very  far,  as 
most  cables  are  impregnated  with  mois- 
ture proof  compounds.  In  such  a  case 
it  may  be  possible  to  cut  off  the  wet  end. 
If  the  cable  is  not  sufficiently  long  to 
allow  cutting  any  off,  and  the  moisture 
has  not  penetrated  very  far,  it  may  be 
driven  off  by  passing  current  through 
the  conductors  sufficient  to  heat  the 
cable  without  injuring  the  insulation. 
This  same  statement  applies  to  a  hole  in 
the  middle  of  the  cable.  If  the  moisture 
lias  not  penetrated  very  far  on  each 
side  of  the  hole  it  may  be  driven  out  by 
passing  current  through  the  conductor 
and  the  hole  then  patched.  Short  lengths 
of  cable  have  l)ccn  dried  out  by  pouring 
melted  impregnating  compound  over  the 
entire  cable  until  the  compound  inside 
the  cable  becomes  plastic  or  fluid.  One 
end  of  the  cabh  is  then  elevated  and 
moulten  compound  poured  in  until  it 
runs  out  at  the  other  end.  By  continu- 
ing the  flow  of  compound  until  that  in 
the  cable  is  entirely  replaced,  practically 
all  the  moisture  will  be  removed.  In 
this  case  care  must  be  exercised  that  air 
bubbles  are  not  included  in  the  molten 
compound  and  the  lower  end  of  the 
cable  must  be  stopped  up  before  the 
pouring  is  stopped  at  the  upper  end  so 
that  when  the  cable  cools  it  will  be  en- 
tirely filled  with  compound.  The  cable 
■should  be  carefully  tested  for  insulation 
resistance  before  being  again  placed  in 
service.  Unimpregnated  cables,  such  as 
are  used  for  si.gnal  and  telephone  work, 
are  frequently  dried  out  by  forcing  com- 
pressed air  (which  has  been  dried  by 
passing  through  calcium  chloride ) 
through  the  cable.  This  method  is  of 
course  impossible  with  a  power  cable 
which  has  been  impregnated  with  a  solid 
compound.  R.  B.  u. 

II 18 — Lightning     Protection     of     Di- 
rect-Current   Circuits — How    should 
a    direct-current    500-250    volt,    three- 
wire  circuit  with  the  neutral  grounded 
be      protected      from      lightning      or 
surges?     In    case    of    a    surge    what 
kind  of  potential,  plus  or  minus,  piles 
up  at  the  negative  terminal  of  a  ma- 
chine; at  the  positive  terminal?     How 
is  it  taken  care  of?      c.  F.  p.  (oxt.-vrio) 
Lightning   protection     is    not    usually 
provided     for    500-250    volt     three-wire 
circuits     with     the     neutral     grounded. 
Usually    these    circuits    are    short    and 
located   in   the   thickly   settled    parts   of 
cities   where   the   many   other   overhead 
wires  and  the  steel  frame  buildings  af- 
ford     consid^able      protection      from 
lightning     disturbances.      If,     however. 


protection  is  required  the  power  house 
would  be  best  protected  by  single  cell 
electrolytic  arresters  connected  to 
ground'  from  each  of  the  outer  line 
wires.  For  line  protection  or  cheaper 
station  protection  the  well-known  "Mul- 
tipath"  type  of  arrester  so  long  used 
on  500  volt  direct-current  trolley  cir- 
cuits would  be  best  suited.  If  useit  in 
the  station  two  or  more  "Multipath" 
arresters  should  be  used  in  parallel.  In 
the  case  of  a  surge  potential  piles  up  at 
the  terminals  of  the  same  polarity  da 
the  terminals  themselves.  On  the  re- 
coil the  potential  falls  and  if  the  surge 
is  very  severe  may  reverse  in  polarity, 
but  the  potential  is  always  higher  when 
the  polarity  is  the  same  as  that  of  the 
terminal  in  question.  Lightning  ar- 
resters and  choke  coils  afford  protection 
against  surges  in  the  same  way  as 
against  external  lightning,  but  recurrent 
surges  due  to  arcing  grounds,  etc.,  will 
overheat  and  burn  up  the  arresters  if 
allowed  to  continue.  Q.  a.  b. 

iiig — Iron  Wire  for  Transmission — 
We  have  a  6600  volt,  three-phase,  60 
cycle  transmission  line,  which  we  are 
about  to  extend  for  a  distance  of  4000 
feet,  to  take  on  a  mixed  lighting  and 
induction  motor  load  of  about  20  kilo- 
watts. We  would  like  to  use  the  ordi- 
nary telephone  wire  for  this  extension, 
as  apparently  the  losses  from  ohmic 
resistance  w'ould  be  small  when  using 
No.  8  soft  iron  wire,  but  we  have 
never  had  any  experience  with  the  use 
of  iron  wire  for  such  purposes,  and 
would  like  to  know-  whether  we  are 
likely  to  encounter  any  serious  trou- 
ble on  account  of  reactance  or  other 
causes  in  making  this  use  of  iron  wire. 
Our  preference  for  iron  wire  rather 
than  copper  is  the  fact  of  its  being 
mechanically  so  much  lietter  able  to 
stand  up  under  severe  winter  and  sleet 
conditions.  o.  w.  m.  (wis.) 

If  the  ohmic  loss  is  within  reason 
when  using  Xo.  8  iron  wire  the  slightly 
higher  reactance  due  to  using  magnetic 
material  will  not  be  sufficient  to  prevent 
its  use.  P.  M.  L. 

1120 — Motors  in  Parallel — We  have 
two  40  horse-power  direct-current 
series  crane  motors  connected  through 
drum  controllers  to  run  in  series  and 
parallel,  both  being  connected  mechan- 
ically to  the  same  shaft.  What  is  the 
best  way  to  determine  whether  the 
field  windings  are  properly  connected 
and  whether  each  motor  takes  its 
proper  share  of  the  load? 

J.  G.  K.   (0NT.\RI0) 

In  order  to  determine  whether  the 
load  is  divided  equally  between  the  twi:> 
motors,  an  ammeter  should  be  connected 
in  each  of  the  two  armature  circuits, 
while  the  two  motors  are  connected  in 
parallel,  and  readings  should  be  taken  at 
diflerent  loads.  If  this  shows  that  one 
motor  is  consuming  considerably  more 
than  one-half  of  the  total  current,  the 
fields  of  the  two  motors  should  be  con- 
nected crosswise  i.e.  the  field  of  the  one 
motor  should  be  in  series  with  the  ar- 
ma'ure  of  the  other  motor.  If  the  mo- 
tors should  be  connected  this  way  al- 
ready then  they  .should  be  changed  back 
to  each  armature  being  in  series  with 
its  own  field  in  case  the  armature  shows 
an  unequal  load  distribution.  .\.  B. 

1 121 — Operation  of  Synchronous  Mo- 
tor— (a>  With  a  motor  generator 
set  consisting  of  a  .self-starting  syn- 
chronous motor,  provided  with  a 
short-circuited  winding  in  the  rotor 
and  .started  by  means  of  a  two-point 
starting   compensator,    the   motor   be- 


ing direct  connected   to  a  direct-cur- 
rent    250     volt    generator,     what     is 
standard  practice   in   reference  to  ar- 
rangement of  the  synchronous  motor 
field  during  the   starting  and  running 
positicjns  of  the  starting  compensator? 
(b)    What   objection   would   there   be 
to  permanently  connecting  the  field  of 
the    synchronous    motor   to   the   main 
leads  of  the  direct-current  generator, 
the  synchronous  motor  field  rheostat, 
of    course,   to   be   in    series   with   the 
field  of  motor?     (c)  I  believe  it  would 
be   possible   with    this   connection,   by 
cutting  all  the  resistance  into  the  syn- 
chronous motor  field  circuit  and  also 
into    the    field    circuit    of    the    direct- 
current    generator    to    start    the    syn- 
chronous motor  as  an  induction  motor 
and  after  it  has  fallen  in  synchronism 
to  properly  adjust  its  field  by  means 
of    the   two   field   rheostats   and   then 
throw  the  starting  compensator  to  the 
running   position,      (d)    To  what  ex- 
tent does  this   method   induce   a  high 
voltage    in    the    motor    field    circuit, 
which    would    be    transmitted    to    the 
armature    of    the    direct-current    gen- 
erator?    (e)    I   believe   one   standard 
method  of  arrangement  is  to  provide 
a    double-throw,     double-pole    switch 
for  the   synchronous  motor  field  cir- 
cuit, this  switch  being  equipped   with 
discharge     resistance     clip     and     dis- 
charge  resistance   and   so   wired   that 
during  the   period  of   the   starting  of 
the  synchronous  motor  it  is  thrown  in 
one  position,  short-circuiting  the  field 
of  the  synchronous  motor  through  the 
field  rheostat  and  after  the  motor  has 
reached  synchronous  speed  and  fallen 
into     step,     the     double-throw     field 
switch    is   thrown    to   the   other   posi- 
tion connecting  the  field  of  the  syn- 
ch roonus  motor  to  the  source  of  ex- 
citation,  the   synchronous   motor   field 
rheostat   being   still   in   series   with   it. 
I  believe  also  that  in  some  cases  this 
double-throw  switch,  instead  of  being 
wired  so  that  in  one  position  it  short- 
circuits  the  field  of  the   synchronous 
motor   through    the   field   rheostat,   is 
arranged   so  that   in  this  position  the 
field    of    the    synchronous    motor    re- 
ceives  its  excitation   from  a   separate 
source   and   one    independent   of   that 
from  which  the  excitation  is  received 
when  the  switch  is  in  the  other  posi- 
tion.    With   this   arrangement.    I    as- 
sume that  the  field  circuit  of  the  syn- 
chronous motor  is  opened  during  the 
period    of    starting.      In   view   of    the 
fact  that  this  arrangement  would  in- 
duce a  high  voltage  in  the  field  wind- 
ing, would  not  this  method  be  some- 
what objectionable  and  make  it  neces- 
sary  to  provide  a  high   insulation  on 
the  field  winding  of  the  synchronous 
motor?  R.  P.  H.  (w.  v.\.) 

(a") — The  standard  practice  of  the 
Westinghouse  Company  is  to  start  syn- 
chronous motors  with  the  fields  short 
circuited,  although  in  some  special  cases 
the  field  circuit  may  be  open.  It  is  the 
standard  practice  of  some  other  manu- 
facturers to  use  open  fields  when  start- 
ing. The  field  should  be  e.xcited  before 
throwing  to  the  running  tap.  (b  and  c) 
— There  is  no  objection  to  connecting 
the  motor  field  to  the  generator  ter- 
minals. With  this  connection  the  start- 
ing operation  will  be  as  stated,  (dl — A 
high  voltage  is  induced  only  when  the 
field,  circuit  is  open.  With  the  field 
connected  across  the  generator  arma- 
ture, a  small  alternating  current  will 
circulate  during  starting,  but  the  voltage 
will   all   be   absorbed,      (e) — The   state- 
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mcnt  regarding  one  standard  method  of 
field  connection  with  double  -  throw 
switch  is  correct.  We  are  not  aware  of 
any  installation  where  a  doulile-throw 
switch  is  used  to  provide  t\yo  separate 
sources  of  excitation.  Iiut  this  is  entire- 
ly feasible.  In  using  this  sclieme  and 
also  the  short-circuited  field  when  start- 
ing, the  discharge  resistance  sluiuld  l)e 
made  suitable  for  the  short-circuit  posi- 
tion. In  case  the  field  is  not  short  cir 
cuited  during  starting,  suitable  insula- 
tion should  lie  provided  on  the  coils  to 
take  care  of  the  voltage  induced,  it.  .\.  m. 

1122 — Operation  of  Gasoline  Elec- 
tric Car — Can  you  give  any  infor- 
mation as  to  the  operating  cost  per 
mile    of    a    gasoline-electric    railway 

car?  W.  K.  K.  (pKN'N.-\.  ) 

Operating  costs  of  gasoline-electric 
cars  vary  from  li  to  ,35  cents  per  car- 
mile.  Local  conditions,  length  of  run. 
weight  of  car.  type  of  equipment,  cost 
of  raw  materials,  all  enter  into  total 
costs.  Therefore,  a  comparison  should 
take  into  account  all  of  these  condi- 
tions. We  suggest  that  the  best  gauge 
for  estimating  the  efficiency  of  the 
motor  is.  the  average  speed  per  hour, 
weight  of  car.  average  miles  per  liour 
for  schedule,  average  grades  on  the  line 
in  question  and  the  resultant  miles  per 
gallon  of  gasoline  or  combustible. 

F.  E.  p. 

U23 — Effective     Resistance     as     Skin 

Effect— The  skin  eltect  factor  is 
usually  defined  as  that  number  by 
whicli  the  resistance  of  a  circuit  to  a 
continuous  current  must  be  multi- 
plied to  give  the  actual  resistance  to 
an  alternating  current.  If  this  gives 
the  actual  resistance  to  the  alternat- 
ing current,  then  why  is  this  actual 
resistance  not  used  in  computing  the 
ITx  losses  on  an  alternating-current 
system?  .\lso  in  tliis  connection,  as- 
suming perfect  insulation,  are  there 
any  other  than  the  I'R  losses  to  be 
considered  in  computing  the  loss  in 
a  lead  covered  cable  or  high  tension 
transmission.  w.  c.  s.  (texas) 

At  commercial  frequencies  the  skin 
effect  in  conductors  is  not  of  commer- 
cial importance.  However,  the  actual 
resistance  to  alternating  current  sho'ild 
be  used  to  calculate  the  I'R  losses.  For 
a  given  total  current  a  uniform  dis- 
tribution gives  the  lowest  copper  loss 
in  a  conductor  because  loss  in  any  ele- 
mentary path  varies  with  the  square  of 
the  current  in  that  element.  When 
conductors  are  large  enough  to  have  ap- 
preciable skin  effect,  the  increased  cur- 
rent density  near  the  outside  of  the 
conductor  and  the  decreased  current 
density  at  the  center  cause  an  increase 
in  the  equivalent  resistance  and  copper 
loss.  The  losses  in  a  lead  covered  cable 
are  the  I"R  losses  due  to  current  in  the 
conductors,  the  eddv  currents  in  the 
sheath,  PR  losses  due  to  leakage  of 
current  through  the  insulation,  which 
losses  are  independent  of  frequency, 
PR  losses  in  the  insulation  due  to  the 
insulation  absorption  currents,  which 
losses  vary  with  some  power  of  the  fre- 
quency, and  losses  due  to  dielectric  hys- 
teresis or  friction  losses  in  the  insula- 
tion because  it  is  not  perfectly  elastic. 
Dielectric  hysteresis  varies  directly  with 
the   frequency.  L.  w'.  c. 

1124 — Capacity  of  Condenser — Kind- 
ly furnish  a  formula  for  determining 
the  capacity  of  a  condenser  which 
will  absorb  the  spark  from  a  direct- 
current  magnet  at  2',4  amperes,  qooo 


I./  (*,  _  <!>.)  NI  X  10    '=  K'  C 


ampere-turns,  iii  volts,  the  circuit 
being  closed  with  a  strap  key.  oper- 
ating an  electric  lock. 

C.  -S.  R.  (PE.NX.X.  ) 

In  order  to  calculate  even  approxi- 
mately the  proper  capacity  for  this  ap- 
])licaiion.  it  would  be  necessary  to  knfiw 
(1)  the  total  change  of  flux-linkages 
which  occurs  when  the  circuit  opens ; 
(j)  the  time  taken  by  )[his  change. 
.'Vssuming  that  these  quantities  arc 
known,  the  proper  capacity  can  be  esti- 
mated as   follows : 

(a)  Find  the  voltage  rise  at  the  con- 
tacts by  the  formula — 

E  =  -         X  10    '" (l) 

(b)  Equate  the  kinetic  energy  of  the 
coil  circuit  to  that  of  the  condenser  cir- 
cuit as  follows : 

y,   C  E'=!/j    (<!>,— 'I',)    Nix  10     ■  .(2) 

(c)  Substitute  tlie  value  of  E  from 
(I)   in   (2) 

t 
N  X  10"  '  or  C  =  7-^  ^  ^—  ,  jfarads,  where 

.V  =  number  of  turns.  /  =^  amperes.  /  = 
seconds  and  *, — *,  =  change  of  flux.  The 
capacity  tlius  found  will  be  just  suffi- 
cient to  absorb  the  energy  of  the  spark 
witliout  appreciable  voltage  rise  at  tlie 
terminals.  If  the  maximum  safe  volt- 
age whicli  the  condenser  will  stand  is 
known,  this  voltage  mav  be  inserted  in 
place  of  E  in  equation  (2)  and  the  ca- 
pacity C  may  be  calculated  by  solving 
equation  2  numerically  for  C.  In  this 
way  the  smallest  capacity  is  found 
which  will  absorb  the  energy  without 
prohibitive  voltage  rise.  The  first 
method  (substituting  E  from  equation 
/  in  equation  _'")  gives  in  general  very 
large  capacities  and  practically  no  rise 
in  voltage  aljove  the  normal  circuit 
voltage  which  is  effective  across  the 
terminals  when  on  open  circuit.  As  the 
question  gives  no  idea  of  the  area  of 
magnetic  circuit,  the  average  permeabil- 
ity or  the  time  taken  in  opening  the  cir- 
cuit, it  is  not  possible  to  make  even  a 
rough  estimate  of  the  required  capacity 
from  the  data  given.  p.  t. 

1 125 — Total  Number  of  Demagnetiz- 
ing Ampere-Turns — Please  show 
how  to  find  the  total  number  of  de- 
magnetizing ampere-turns  on  the 
armature  and  the  number  of  turns  on 
each  series  field  coil  to  balance  same. 
in  a  loo-kilowatt.  four-pole.  500-volt 
generator  having  a  four-path  arma- 
ture winding  with  500  turns;  forward 
lead  of  the  brushes  is  10  mechanical 
degrees,  and  0.868  of  the  armature 
current  flows  through  the  series  field 
coils.  Also  find  the  total  number  of 
cross  ampere  turn.s.  Has  this  gen- 
erator four  magnetic  circuits  to  be 
considered  when  computing  the  back 
armature  turns?  I  have  used  the  fol- 
lowing method  in  computing  them : 

Hark    .impere    turns  =  2(10/1.S0  x  Zl   4  ) 
y.  =  total    number    armature   conductors 
I    —  total  armature  current 

I  am  of  the  opinion  that  I  should 
have  multiplied  hy  four  instead  of 
two.  H  my  last  statement  is  correct, 
please  explain  why  it  is  only  neces- 
sary to  put  one-half  as  many  ampere 
turns  on  the  field  magnets  to  neu- 
tralize their  eflfect.  E.  l.  (v.^.") 

Computation  of  armature  demagnetiz- 
ation is  usually  least  confusing  when 
compared  with  the  conditions  in  a  two- 
pole  machine.    The  demagnetizing  arma- 


ture ampere  turns  of  a  two-pole  gen- 
erator are  contained  in  double  the 
angle  of  brush  shift  on  both  sides  of 
the  armature.  {.See  article  on  this  sub- 
ject by  K.  H.  Taylor,  in  the  Jourxal 
for  Jan..  '14,  p.  65.)  In  the  above  in- 
stance, therefore,  on  the  basis  of  two 
poles,  the  demagnetizing  armature  am- 
pere turns  would  be  calculated  as  fol- 
lows : 

Total  armature  turns  =  50n  ( Imiujry  ambigu- 
ous). 

furrent  jier  conductor  =  200  -v-  4  =  50  am- 
peres. 

Total   armature   amiiere  turns  =:  2.'j  000. 

Itru.sli  shitt  in  electrical  decree*;  zz  10  decree* 
(same  as   meelianical  desrees  I'ur  two  pole.s). 

Douhle  anale  ot  brush  shift  —  20  destrees,  ene 
siilc  of  arm. 

Double  angle  of  brush  shift  =  40  degrees, 
both  sides  of  arm. 

Demagnetizing  armature  ampere  turns  =  25- 
noo  X  40 -f- 360  =  2  7hO  approximately,  if  ma- 
chine were  two  j»ole. 

I'or  multipolar  machines,  however, 
the  actual  brush  shift  in  electrical  de- 
grees is  the  product  of  the  displacement 
in  mechanical  degrees  by  the  number  of 
pairs  of  poles.  In  the  aliove  instance, 
therefore,  the  total  demagnetizing  arma- 
ture ampere  turns  equals  2  ■:  2780  ^ 
3560.  which  checks  with  the  method 
outlined  in  the  inquiry.  2(  10  i8ox  ZI/4). 
The  succeeding  statement  in  the  inquiry 
with  regard  to  multiplying  by  four  in- 
stead of  two  is  incorrect.  Cross  de- 
magnetizing armature  ampere  turns  are 
the  difference  between  the  total  and  the 
demagnetizing  ampere  turns,  viz..  25000 
—  5560  ^  19440.  The  series  field  has  to 
supply  not  only  the  demagnetizing  effect 
of  the  armature  Init  also  the  IR  drop  in 
the  machine.  The  series  turns  cannot, 
therefore,  be  determined  from  the 
armature  characteristics  abme.  R.  H.  T. 
1 126 — Super-Heated  Steam — Is  it  nec- 
essary that  steam  be  in  motion  in  or- 
der that  it  become  superlieated? 

(i.  X.  c.   (cOLo.) 

It  is  not  necessary  that  steam  be  in 
motion  in  order  that  it  become  super- 
heated. It  is.  of  course.  Necessary  that 
the  steam  be  dry.  otherwise  the  heat  will 
serve  only  to  evaporate  the  moisture  and 
not  to  superheat  the  steam.  We  under- 
stand that  "motion"  means  the  passage 
of  the  steam  through  pipe,  tubes,  etc., 
and  docs  not  refer  to  molecular  activity. 

M.  C.  M. 

1 127 — Size  of  Cable — What  size  cable 
sliould  be  provided  for  a  three-core, 
lead  sheath,  rubber  covered  cable  run 
I  ,300  feet  underground  in  duct  to  two 
750  k.v.a.  oil  cooled  transformers  sup- 
plying a  three-phase.  40  cycle.  550  volt 
motor  load?  The  voltage  at  the  re- 
ceiving end  is  10  000  and  the  trans- 
formers  are   fully  loaded. 

C.  .\.  T.   (NtASS.) 

With  the  understanding  that  this  is  a 
single  triplex,  rubber  insulated,  lead 
covered  cable,  delivering  i  500  k.v.a.  to 
transformers  and  installed  in  under- 
ground ducts,  under  normal  conditions, 
and  assuming  that  there-  are  no  other 
power  cables  in  adjacent  ducts  from 
which  heat  would  be  received,  or  which 
by  their  presence  would  prevent  radia- 
tion of  heat  from  the  single  cable  men- 
tioned, we  would  recommend  a  No.  ,v 
B.  &  S.  gage  conductor:  or  if  the  load 
was  not  continuous  at  all  times,  possibly 
a  No.  4  P..  &  S.  gage  conducti'r.  There 
are  so  many  questions  invi^lved  in  the 
heating  effects  of  cables,  that  it  is  ex- 
tremely unsafe  to  give  a  positive  an- 
swer to  any  one  question  without  know- 
ing complete  details.  In  this  case  tbe 
impedance  drop  in  voltage  does  not 
enter  into  the  problem  because  of  the- 
short  run.  R.  F..  D. 
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Developments  in  the  electric  railway 
An  Opportu-   field  have  been  tremendously  active  'n 
nity  for  the     the    last    three    or    four    years.     Ap- 
A.  E.  R.  A.     parently   every   designer   and   operat- 
ing engineer  has  kept  his  brain  work- 
ing overtime  trying  to  discover  some  new  and  better 
way  of  doing  something  that  has  already  been  done 
with  more  or  less  economy  and  satisfaction.   The  cam- 
paign for  economy  and  efficiency  led  in  the  first  place 
to  a   reduction  of    weights,  and   this    has    been   the 
excuse  for  a  great  many  changes  in  all  parts  of  the 
rolling  stock  of  electric  railways.     Car  designs  have 
been  changed  until  some  of  the  late  ones  look  no  more 
like  the  cars  of  a  few  years  ago  than  the  first  safety  bi- 
cycle looked  like  the  old  high  wheel  machine ;  and  ap- 
parently the  end  is  not  yet.     With  so  manj'  new  de- 
signs of  cars  being  tried  out,  it  is  impossible  to  say 
what  will  be  standard;  if,  indeed,  there  will  be  any 
standard  design  of  car  in  another  year. 

Car  trucks  have  been  going  through  much  the 
same  evolution.  With  every  eflfort  made  to  lighten 
them,  it  has  in  many  cases  been  necessary  to  adopt 
special  grades  of  steel,  and  rolled  and  pressed  sections 
that  are  economical  only  when  used  in  quantity. 

In  motor  control,  the  tendency  has  been  away 
from  platform  controllers,  even  on  small  cars,  and  to- 
wards some  form  of  remote  control.  Multiple-unit 
operation  is  being  adopted  more  and  more,  and  the 
the  control  has  been  simplified  to  such  an  extent  that 
it  is  now  in  many  cases  cheaper  to  maintain  than  the 
platform  controller.  Many  changes  have  been  made 
tending  to  simplify,  concentrate  and  lighten  the  con- 
trol equipment.  With  certain  standard  parts  as  a 
basis,  a  great  many  special  equipments  differing  in 
details,  have  been  put  out  to  meet  the  requirements 
of  different  railways. 

The  railway  motor  has  been  changed  as  much  as 
anything.  The  early  commutating-pole  motors,  per- 
fect as  were  their  records,  have  been  supplanted  by  so 
many  different  types,  that  it  is  necessary  for  one  to 
have  an  ever-changing  encyclopedia  with  him  at  all 
times,  in  order  to  be  able  to  keep  track  of  them.  There 
are  now  motors  designed  primarily  to  reduce  weight ; 
also  high  speed,  low  speed,  field  control,  open  and  en- 
closed motors.  Then  there  are  motors  for  standard 
wheel  diameters  and  motors  for  low  wheels,  motors 
with  through  axle  cap  bolts  and  motors  with  tap  bolts, 
with  and  without  axle  dust  guards,  with  and  without 
armature  spiders,  with  and  without  adjustable  brush 
tension ;  box  frame  and  split  frame  motors,  with  two- 


point  and  three-point  gear  case  suspension,  etc.,  etc. 
In  short,  the  railway  motor  has  been  modified  in  al- 
most every  conceivable  way. 

It  sometimes  seems  to  the  manufacturer  of  equip- 
ments as  if  every  operator  insists  upon  some 
special  requirement.  It  may  be  some  particu- 
lar sen'ice  condition  or  some  space  requirement, 
some  special  design  of  motor  bearing  or  some  peculiar 
arrangement  of  switch-board  or  control  wiring.  In 
any  case,  it  is  nearly  always  different  in  some  respects 
from  anything  that  has  ever  previously  been  built. 
Of  course,  this  tendency  is  not  all  with  the  operating 
engineer.  Manufacturers'  engineers  have  performed 
their  full  part  in  this  evolution.  Each  one,  in  endeav- 
oring to  out  do  the  rest,  has  introduced  new  features 
that  are  calculated  to  meet  "long  felt  wants." 

There  can  be  no  question  as  to  the  progress  that 
has  been  made  in  the  art,  but  the  net  result  is  that 
there  is  now  a  great  variety  of  equipments  in  use, 
verv  few  of  which  would  be  duplicated  in  all  parts  if 
new  equipments  were  purchased.  This  is  fine  business 
for  the  engineers,  who  are  working  toward  the  ideal, 
but  it  is  mightv  hard  on  both  manufacturers  and  oper- 
ators. The  electric  railway  industry'  has  been  ab- 
sorbing development  charges  large  enough  to  keep  a 
respectable  army  in  the  field,  hoping  that  each  change 
would  result  in  a  standard,  but  the  fact  is,  the 
styles  change  so  rapidly,  that  the  manufacturers 
scarcely  dare  to  put  in  a  stock  of  anything  for  fear  it 
will  be  obsolete  in  three  or  four  months.  However 
good  it  is,  it  may  not  meet  the  requirements  of  the 
latest  fad.  Manufacturers  do  not  generally  build  ap- 
paratus at  a  loss,  and  the  operators  must  pay. 

The  obvious  remedy  for  this  condition  of  affairs 
lies  in  standardization.  But  after  25  or  30  years  of 
development  we  actually  seem  to  be  farther  from 
standards  than  ever  before,  although  every  part  of  the 
equipment  has  reached  a  high  state  of  perfection.  The 
trouble  seems  to  be  that  there  are  too  many  different 
individual  opinions  as  to  details  and  too  little  apprecia- 
tion of  the  value  of  standards — not  simply  standards 
for  any  one  city  or  system  but  standards  for  the  whole 
country.  Most  cars  are  now  made  of  steel.  Stand- 
ardization will  mean  everything  for  them,  as  a  com- 
plete set  of  tools  can  be  made  that  will  permit  rela- 
tively cheap  production.  The  same  may  be  said  of 
trucks.  Switch  groups,  reversers.  master  controllers, 
relays  and  all  the  other  parts  going  to  make  up  a  con- 
trol equipment  can  be  enormously  cheapened,  if  built 
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in  large  quantities  without  ciianges  being  continually 
made. 

Now  comes  the  pressed  steel  street  car  motor. 
This  is  an  assured  success  if  the  motors  can  be  stand- 
ardized, but  it  cannot  be  produced  in  competition  with 
cast  steel  frames,  if  every  order  has  some  special  fea- 
ture. 

In  this  emergency  the  eyes  of  all  turn  towards  the 
American  Electric  Railway  Association,  with  a  confi- 
dence born  of  past  experience  and  a  knowledge  that 
the  Association  contains  in  its  membership  practically 
all  the  men  who  are  capable  of  judging  the  merits  of 
electric  railway  equipment. 

Now  what  can  the  Association  do  ?  In  the  first 
place,  it  can  back  up  the  recommendations  of  the 
standards  committee.  The  Engineering  Manual  re- 
cently published  contains  a  great  many  standards  and 
many  recommendations  for  approved  methods  and 
practice  covering  a  broad  field.  It  represents  an 
amount  of  labor  that  can  be  appreciated  only  by  those 
who  have  done  similar  work.  The  Manual  will  be  of 
great  value  if  it  receives  the  proper  support,  but  it 
will  take  constant  pressure  to  get  the  standards 
adopted.  In  some  cases  these  recommendations  have 
been  rejected  even  by  members  of  the  standards  com- 
mittee themselves,  when  the  application  related  to 
their  own  roads.  There  is  a  certain  appreciation  of 
the  value  of  standards  on  the  individual  road,  but  the 
great  adxantage  of  one  standard  for  the  entire  coun- 
try does  not  seem  to  be  properly  appreciated.  The 
record  made  by  the  manufacturers  of  automobiles 
shows  what  wonders  in  the  way  of  cheaper  produc- 
tion can  be  accomplished  by  sticking  to  one  standard. 
These  results  could  never  have  been  obtained  if  every 
city  or  even  every  state  had  demanded  some  special 
features.  The  Association,  of  course,  cannot  adopt 
certain  makes  of  motors,  control,  cars,  trucks,  etc.,  as 
standard,  but  it  can  do  a  tremendous  amount  towards 
standardizing  practice.  The  great  variations  in  styles 
of  railway  motors  have  already  been  mentioned,  but 
the)'  did  not  cover  the  range  of  ratings  that  is  now 
necessary  to  meet  the  market  demands.  We  look  to 
the  .\.  E.  R.  A.  to  crystalize  the  demand,  so  that  a 
smaller  number  of  designs  will  be  needed.  A  recom- 
mendation as  to  standard  practice,  prof'erly  supported, 
should  work  wonders. 

Similarly,  the  standardization  of  control  practice 
could  be  effected.  There  are  now  many  different  ways 
of  wiring  cars,  innumerable  styles  of  train  line  jump- 
ers, receptacles,  junction  boxes,  master  controllers, 
switchboards,  lightning  arresters,  choke  coils  and 
other  details  of  practice,  the  standardization  of  which 
has  heretofore  been  impossible  because  there  has  not 
been  sufficient  concerted  action  regarding  it. 

The  American  Electric  Railway  Association  is  the 
organization  above  all  others  to  undertake  this  work. 
It  seems  to  be  generally  admitted  that  this  country  will 
have    to  face    a    tremendous    rush    of    business    in    a 


comparatively  short  time.  The  best  way  to  handle 
this  is  to  build  standard  apparatus,  and  this  can  be 
done  only  by  the  active  cooperation  of  the  operating 
eng'ueers.  We  must  have  "Safety  First,"  but  let  us  at 
least  have  "Standards  Second."  N.  W.  Stoker 


Without  a  full  understanding  and  ap- 
Utilities  preciation  of  the  other  man's  point  of 

from  the  view,   the   task   of    reconciling   diver- 

Public  S^"'^    opinions    is    made    increasingly 

Viewpoint  difticult.  For  example  at  the  present 
time  the  public's  point  of  view  re- 
garding utilities  is  that,  in  general,  they  have  been  ex- 
ploited unfairly  for  the  benefit  of  the  insiders,  that 
the  public  have  been  gouged  and  that  now,  by  means 
of  restrictive  laws,  commissions,  etc.,  the  public  are 
going  to  get  square.  Of  what  avail  to  try  to  deal  with 
a  man  in  that  frame  of  mind  by  showing  him  your 
books  and  telling  him  how  good  you  are  and  asking 
him  to  please  be  "fair"  and  "let"  you  make  a  little 
more  profit.  He  will  think  you  "good"  only  because 
you  have  to  be,  because  his  Commissions  have  made 
you  behave.  You  have  to  approach  this  man  on  an 
entirely  different  tack — show  him  that  no  matter  how 
it  was  started  your  utility  is  not  finished — never  will 
be — no  utility  is  or  can  be,  because  no  community  stops 
growing,  and  it  is  going  to  need  more  money  to  grow 
with  than  it  has  already  held  up  to  date  ;  that  restrictive 
laws  have  kept  money  out  of  utilities  in  New  York 
State  and  elsewhere,  are  keeping  it  out,  will  keep  it 
out  more  and  choke  industrj-,  and  consequently  hold 
back  the  development  of  the  towns  served.  That's 
going  to  hurt  his  business,  touch  his  pocket,  but  if  he 
waits  to  be  shown,  waits  until  his  business  really  is 
hurt  and  his  community  stifled  and  then  begins  to  try 
to  do  something,  it  is  liable  to  be  like  trying  to  raise  a 
crop  of  peaches  from  an  orchard  that  has  been  struck 
by  the  blight.  There  are  lots  of  towns  that  have  been 
struck  b\'  the  blight ;  those  who  would  not  let  the  rail- 
roads through  or  the  trolleys  in.  They  never  get  back 
to  their  relative  positions.  That's  the  sort  of  an  argu- 
ment that  may  meet  his  point  of  view. 

As  a  matter  of  fact  there  are  many  thinking  men 
who  believe  that  our  present  attitude  towards  utilities 
is  one  of  the  most  serious  menaces  to  the  continued 
progress  and  prosperity  of  our  country.  It  is  the 
swing  of  the  pendulum  from  no  regulation  to  over- 
regulation,  from  letting  them  do  everything  they  please 
to  not  letting  them  do  anything  they  want  to.  \\"e  are 
forgetting  in  our  zeal  that  the  very  first  people  to  real- 
ize the  mistake  will  be  those  with  money  to  keep  the 
utilities  growing — and  who  won't  use  it  that  way  on  the 
meagre  chances  of  gain  that  our  new  laws  permit — an  1 
the  last  people  to  realize  the  mistake  will  be  the  publi 
who,  secure  and  satisfied  in  the  conscious  rectitude  of 
having  put  a  stop  to  over-exploitation,  will  disregard 
the  wails  of  those  hurt  and  wait  to  be  hit  on  the  head 
with  the  club  of  outgrown  facilities.  A  friend  of 
mine  recentlv  remarked  that  his  father — eightv-eight 


THE  ELECTRIC  JOURNAL 


501 


years  old,  still  living — saw  the  first  steam  railroad 
built.  We  are  accustomed  to  think  of  steam  railroads 
as  our  oldest  and  best  established  utilities.  All  the 
others — gas,  electric  light,  telephones,  trolleys — are 
younger,  very  much  younger.  And  here  our  whole 
vast,  stupendous  structure  of  modern  utilities  has 
come  into  being  in  the  span  of  one  single  human  life. 
The  test  of  virtue  in  a  sound  basic  law  is  endur- 
ance. Right  and  wrong  do  not  change.  If  such  a 
law  is  good  now  it  ought  still  to  be  good  fifty  years 
hence  and  ought  to  have  been  good  fifty  years  or 
more  ago.  Now  suppose  that  seventy  odd  years  ago 
when  that  first  steam  railroad  was  started  we  had 
had  the  Interstate  Commerce  Commission  and  all  our 
State  Commissions  and  all  our  present  laws,  and  had 
kept  them  up-to-date — does  anybody  think  we  would 
have  all  these  utilities  that  we  enjoy  today?  And 
without  transcontinental  railroads,  and  trolleys,  and 
telephones  and  electric  power  where  would  Denver 
be?  St.  Louis,  Chicago,  Pittsburgh,  New  York — any 
of  us?  Oh!  but, — says  the  Brandeis  type  of  reaction- 
ary— hold  on,  we  needed  one  set  of  laws  to  encourage 
infant  development  and  an  entirely  different  set,  now 
that  our  utilities  are  developed — and  that's  just  the 
fatal  mistake — they  are  not  developed,  only  started. 
Can  we  make  the  blind  men  see  it? 

C.\LVERT    TOWNLEY 


1  he   storv  goes   that   when  the   Czar 
The  Phil-  ,   ^       .'  ,     J  ,         J      ^     *u 

adelphia  °^   Russia  was  asked  to  mdicate  the 

Transporta-  route  by  which  a  railroad  was  to  be 
tion  Prob-  built  from  Petrograd  to  Moscow,  he 
'®'"  drew  a  straight  line  on  the  map  be- 

tween the  two  cities.  This  is  probably  the  simplest 
solution  of  a  traffic  problem  on  record.  It  was  prob- 
ably the  most  expensive  and  very  likely  not  the  best 
from  an  economic  point  of  view.  But  an  imperial 
will  and  unlimited  resources  made  naught  of  ob- 
stacles and  objections. 

Were  the  monarch  of  the  United  States,  the  free 
and  independent  American  citizen,  in  any  center  of 
population  requiring  rapid  transit,  to  be  asked  the 
same  question  in  relation  to  his  residence  and  his 
place  of  work,  he  too  would  be  governed  by  the 
axiom  that  a  straight  line  is  the  shortest  distance  be- 
tween two  points.  So  also  would  all  of  his  royal 
neighbors  reply,  and  where  there  is  a  multitude  of 
imperial  wills,  our  way  is  for  the  majority  to  rule. 
Furthermore,  perforce,  expense  and  returns  on  in- 
vestment are  considerations,  but  the  greatest  single 
consideration  is  what  the  people  need. 

Consequently,  when  the  city  of  Philadelphia  came 
to  solve  its  transit  problem,  its  Director  of  City  Tran- 
sit asked  the  riding  public  a  few  simple  questions,  in- 
telligently designed  to  bring  out  essential  facts,  com- 
bined the  results  with  the  proper  factors  and  in- 
tegrated the  equation.  Mr.  A.  Merritt  Taylor's  con- 
tribution entitled  "The   Solution  of  a  City's  Transit 


Problem"  in  this  issue  of  the  Journal,  which  tells 
how  it  was  done,  is  a  remarkable  example  of  logical 
analysis  and  will  be  eagerly  absorbed  by  the  profes- 
sion and  the  public  as  well.  Not  only  Philadelphia 
will  benefit  therefrom  but  other  cities,  large  or  small 
will  be  able  to  do  so,  if  this  magnificently  simple  yet 
wonderfully  conceived  and  executed  plan  is  adapted 
to  local  conditions.  John  J.  Gibson 


The   development   and   perfection   of 
Higher        the    commutating-pole    series    wound 
Direct-        railway  motor,  together  with  the  ap- 
Current        parent    possibilities    of    the    mercury 
Voltages       arc  rectifier,  seems  to  offer  a  broad 
promise  of    the    successful    introduc- 
tion of  much  higher  direct-current  voltages  in  connec- 
tion with  railway  electrification  work  than  has  here- 
tofore been  practicable  or  even  possible.     Until  with- 
in recent  years,  the  maximum  direct-current  voltage 
which  could  be  successfully  applied  for  tractive  pur- 
poses scarcely  exceeded  600  volts.    With  the  develop- 
ment of  the  commutating-pole  railway  motor  and  its 
vastly  improved  commutating    characteristics,    it    be- 
came possible  to  operate  traction  systems  satisfactorily 
with  a  trolley  voltage  of  i  200  to  i  500  volts  with  two 
motors  in  series,  with  entire  success. 

A  much  more  serious  problem  was  met  in  provid- 
ing suitable  constant  potential  generating  apparatus 
for  supplying  these  higher  voltages,  although  success- 
ful operation  has  been  obtained  with  the  current  sup- 
plied through  rotary  converters  and  al.so  through  gen- 
erators. In  some  cases  the  rotary  converters  or  gen- 
erators iiave  been  wound  for  650  or  700  volts  in  them- 
selves and  operated  two  in  series.  In  other  cases  they 
have  been  wound  to  produce  the  trolley  voltage  in 
one  single  unit.  Similarly,  2400  volt  apparatus  has 
been  employed  for  heavier  train  propulsion,  using 
motors  wound  for  i  200  volts  connected  two  in  series, 
and  generators  wound  for  a  corresponding  voltage 
also  connected  two  in  series.  Installations  of  this  type 
have  been  reported  comparatively  free  from  trouble, 
especially  as  regards  the  motors.  The  constant  volt- 
age of  2  400  is.  however,  somewhat  difficult  to  provide 
by  means  of  direct-current  generators  even  when  op- 
erated two  in  series,  which  arrangement  is  even  at  the 
best,  rather  a  make-shift  proposition. 

Recently  experiments  have  been  conducted  in 
which  much  higher  trolley  voltages  were  used  in  an 
experimental  way  than  have  ever  been  adopted  in 
practice,  mercury  arc  rectifiers  being  used  as  a  means 
of  obtaining  the  necessary-  constant-potential  direct- 
current.  Two  comparatively  small  motors,  operating 
in  series,  were  given  rigid  tests  on  a  trolley  voltage  of 
7  000  volts,  with  promising  results.  It  is  to  be  hoped 
that  an  equipment  of  this  type  involving  the  use  of  a 
trolley  potential  of  at  least  5  000  volts  will  soon  be  put 
into  practical  use,  even  although  it  is  to  be  used  for 
demonstration  purposes  only.    If  it  proves  to  be  prac- 


502 


THE  ELECTRIC  JOURNAL 


ticable  to  use  a  trolley  voltage  of  5  000  volts  or  more, 
which  is  certainly  hoped  will  be  the  case,  the  use  of 
direct  current  will  become  available  for  the  heaviest 
form  of  propulsion,  as  at  that  voltage,  or  even  per- 
haps at  a  somewhat  lower  voltage,  it  will  be  entirely 
feasible  to  collect  from  an  overhead  trolley  the  volume 
of  current  which  will  be  required  by  heavy  locomo- 
tives under  the  maximum  conditions  both  of  traction 
and  of  speed,  while  at  the  same  time  the  high  efficien- 
cy of  the  transforming  stations,  together  with  the 
fewer  number  required  and  the  comparatively  smaller 
'attendance,  will  make  the  distribution  of  power  to 
the  locomotives  or  cars  both  highly  efficient  and 
economic.  C.  S.  Cook 


The   development   of  a  pressed   steel 

Pressed         railway    motor    is    the    most    notable 

Steel  contribution    which    the    year     1914 

Railway        makes  to  the  electric  industry.  Pressed 

Motors  steel  is  coming  into  general  use  in  a 
continually  broadening  field.  Where- 
ever  structures  require  uniformity  and  reliability 
coupled  with  light  weight,  pressed  steel  must  be  con- 
sidered, if  the  number  of  identical  units  required  by 
the  trade  is  sufficient  to  justify  the  tremendous  ex- 
pense of  dies  and  tools. 

Pressed  steel  is  now  recognized  as  the  best  ma- 
terial for  car  bodies  and  trucks.  The  adaptation  of 
pressed  steel  to  the  motors  is,  therefore,  the  next 
logical  step.  In  fact,  with  the  growing  tendency  to- 
ward train  operation  in  city  service,  pressed  steel  in 
motor  construction,  besides  having  all  the  good  points 
of  pressed  steel  in  cars  and  trucks,  offers  advantages 
much  more  far  reaching.  Where  a  large  number  of 
motors  are  worikng  together  in  a  train,  it  is  very  ad- 
vantageous to  have  motors  with  uniform  characteris- 
tics, so  that  each  motor  will  do  its  own  share  of  the 
work.  Dififerences  in  wheel  diameters  will  invariably 
impose  different  loads  on  the  motors,  therefore  the 
elimination  of  other  variables  is  highly  desirable. 

Much  has  been  done  toward  the  reduction  of  dif- 
ferences between  individual  cast  steel  motors  of  a 
given  type,  but  pressed  steel  motors  are  inherently  of 
more  uniform  characteristics.  The  experience  gained 
in  the  development  and  manufacture  of  pressed  steel 
industrial  motors  by  the  Westinghouse  Electric  & 
Mfg.  Company  during  the  past  several  years,  and  the 
great  success  of  this  line  of  motors,  led  to  the  de- 
velopment of  a  pressed  steel  railway  motor,  as  de- 
scribed by  Mr.  C.  W.  Starker  in  the  present  issue.  The 
success  of  the  first  efforts  along  the  lines  of  the  devel- 
opment of  pressed  steel  railway  motors  indicates  that 
probably  in  another  year,  with  the  cooperation  of  the 
railway  public,  it  will  be  possible  to  have  such  motors 
available  for  the  market  at  least  in  one  or  two  sizes.  It 
will,  of  course,  not  be  practicable  to  develop  a  pressed 
steel  motor  in  any  size  until  the  market  demand  for 
such  a  size  justifies  the  expense  involved.  The  pressed 
steel  motor  may,  therefore,  introduce  an  element  of  all 


around  economy,  in  that  a  given  number  of  sizes  may 
be  agreed  upon  to  meet  market  requirements,  and  thus 
become  standard,  which  will  eliminate  the  repetition 
of  the  enormous  expense  which  has  been  incurred  dur- 
ing the  past  several  years  through  the  development  of 
many  types,  sizes  and  shapes  of  railway  motors,  all  of 
which  in  the  end  tends  to  increase  the  costs  of  both  the 
manufacturer  and  the  user. 

It  requires  considerable  courage  and  great  confi- 
dence in  the  future  market  for  any  manufacturer  to 
tackle  such  a  problem,  particularly  so  since  an  an- 
alysis shows  that  an  increased  cost  may  be  expected 
for  a  long  time  to  come,  and  that  the  justification  for 
the  greater  expense  in  development  rests  entirely  in 
securing  greater  operating  economy,  first  by  reduction 
in  weight,  without  increasing  armature  speeds ;  sec- 
ond by  more  uniform  strength  of  parts  and  a  greater 
ease  of  repairs. 

We  believe  that  this  form  of  motor  offers  to  the 
street  railway  field  an  opportunity  for  effecting  a  re- 
ductionin  their  maintenance  and  operating  costs,  but 
this  opportunity  will  involve  a  higher  initial  cost. 

M.  B.  Lambert 


The  possibility  of  converting  standard 
Improved  "^  '  control  equipments  to  meet  pres- 
Control  ent-day  requirements  is  certainly  a 
Equipment  valuable  development  in  railway  prog- 
ress. The  flexibility  of  the  new  con- 
trol equipment  described  in  the  article  by  Mr.  Mclver 
in  this  issue,  lends  itself  to  a  wide  and  varied  applica- 
tion. Its  performance  has  more  than  met  the  expec- 
tations of  its  designers. 

Due  to  conditions  on  many  roads,  brought  about 
years  ago,  for  which  the  present  managers  are  in  no 
way  responsible,  it  is  difficult  for  them  to  discard  ex- 
isting obsolete  equipment  and  finance  the  installation 
of  new  up-to-date  apparatus,  even  though  their  pres- 
ent maintenance  costs  may  be  excessive.  Therefore, 
the  equipment  described  will  be  a  boon  to  those  opera- 
tors since,  by  the  addition  of  a  "PK"  head,  an  old 
equipment  can  be  brought  up  to  a  high  point  of  effi- 
ciency without  the  necessity  of  discarding  existing  ap- 
paratus. 

The  removal  of  all  heavy  current  carrying  parts 
from  the  car  platform  is  also  a  logical  "Safety  First" 
step.  The  possibility  of  train  operation  during  rush 
hours  and  special  runs  is  the  next  step  towards  this 
goal  and  when,  in  addition  ,the  operation  of  trains  en- 
ables crowds  to  be  transported  in  such  a  way  as  to 
acquire  a  satisfied  public  and,  furthermore,  avoid  in- 
terference with  the  schedule  speed,  no  further  ad- 
vancement in  the  way  of  approval  seems  possible. 

The  extended  and  successful  service  trial  outlined 
in  Mr.  Mclver's  article  is  an  excellent  indication  of 
the  success  of  this  new  scheme.  Judging  by  the  sat- 
isfactory operating  results  secured,  the  application  of 
this  form  of  equipment  on  many  roads  seems  assured. 

B.  W.  Stem M ERICH 


The  Effect  of  Federal   Legislation  Upon 

Public  Utilities 


G.  E.  Tripp 

Chairman,  Board  of  Directors, 

Westinghouse  Electric  &  Mfg.  Company 


G.    E.   TRIPP 


DURING  the  last  very  few  years  there  has  been 
a  remarkable  development  in  high  tension 
transmission  systems  and  a  rapid  linking  up 
of  local  electric  light  and  power  markets  to  one  cen- 
tral source  of  supply  furnished  by  steam  power  sta- 
tions or  water  power  de- 
velopments or  both.  This 
movement  has  been  heart- 
ily approved  by  sane  ob- 
servers as  being  desirable 
from  the  standpoint  of 
sound  public  economics 
and  it  has  proved  to  be  a 
profitable  field  for  ener- 
getic and  far-seeing  ex- 
perts in  the  public  utility 
work. 

It  has  been  possible  to 
build  up  many  transmis- 
sion companies  as  private  corporations  by  confining 
their  activities  purely  to  the  sale  of  wholesale  power 
and  distributing  it  through  local  public  service  com- 
panies, and  the  greater  freedom  which  has  thus  been 
allowed  the  promoters  in  the  amoimt  and  character 
of  capital  issued  has  permitted  attractive  offerings  to 
the  public  and  greatly  stimulated  the  flow  of  capital 
into  these  enterprises. 

Where  it  has  not  been  possible  to  maintain  the 
transmission  company  as  a  private  corporation,  the 
holding  company  practice  has  been  followed,  and 
through  that  method  financial  offerings  have  been 
made  attractive.  A  great  deal  has  been  said  con- 
cerning holding  companies  which  control  public  utili- 
ties and  the  opinion  is  practically  unanimous  that  a 
company  which  holds  the  securities  of  physically 
connected  subsidiaries  rests  on  a  soimder  foundation 
than  a  holding  company  controlling  scattered  prop- 
erties. While  this  is  undoubtedly  the  case,  considered 
from  an  abstract  point  of  view,  the  pending  anti- 
trust measures  at  Washington  threaten  to  shift  the 
balance  of  favorable  conditions  by  creating  a  situa- 
tion which  will  render  many  physically  connected 
properties  subject  to  embarrassing  and  menacing 
legislative  conditions  and  prohibitions.  That  is  to 
say,  the  ideal  development  of  the  electrical  industry 
consists  of  large  central  sources  for  the  generation  of 
energy  and  wide-spread  transmission  lines  conveying 
the  current  to  the  diversified  industries  of  as  large  an 
area  as  possible  and,  as  in  practice  these  areas  are 
not  always  marked  out  by  state  lines,  a  great  many 


of  the  centralized  power  enterprises  will  become  en- 
gaged in  inter-state  commerce  and  may  be  directly 
subject  to  the  proposed  inter-state  trade  commission 
bill  and  perhaps  to  the  Clayton  bill.  A  full  analysis 
of  these  bills  cannot  be  given  within  the  limits  of  a 
short  article,  but  a  few  of  the  proposed  enactments 
which  will  affect  inter-state  power  companies  are  as 
follows : — 

A  company  cannot  engage  in  inter-state  com- 
merce until  its  issue  of  capital  has  been  approved  by 
the  inter-state  commerce  commission. 

It  will  be  unlawful  for  it  to  own  a  whole  or  any 
part  of  the  capital  stock  of,  or  control  in  any  other 
manner,  one  or  more  corporations  carrying  on  compe- 
titive business. 

It  cannot  engage  in  inter-state  commerce  if  there 
is  a  person  upon  its  Board  who  is  a  Director  or 
Officer  in  a  competitive  inter-state  company. 

If  any  person  shall  be  injured  by  a  violation  of 
some  of  the  sections  of  the  inter-state  trade  commis- 
sion act,  he  may  recover  three-fold  damages. 

If  the  inter-state  sale  of  electrical  energy  should 
bring  a  power  company  under  the  provisions  of  the 
Clayton  bill,  then  it  would  be  affected  by  the  "unfair 
business  practices"  provisions  which  among  other 
things  forbid  discrimination  in  prices,  and  requires 
that  the  buyer  shall  not  handle  or  use  the  product  of 
a  competitor. 

The  above  are  only  a  few  of  the  things  which 
would  have  a  direct  effect,  provided  inter-state  power 
companies  are  held  to  be  engaged  in  inter-state  com- 
merce. Nor  would  the  situation  be  improved  if  they 
were  not  so  held  but  were  deemed  to  be  common 
carriers  and  subject  to  the  control  of  the  inter-state 
commerce  commission. 

It  is  not  to  be  presumed  that  these  obstacles  will 
prevent  the  proper  development  of  the  distribution  of 
electrical  energy  in  this  country,  the  benefits  of  which 
have  only  begun  to  be  realized,  but  the  menaces  are 
serious  enough  to  remind  the  busy  men,  who  are  pro- 
jecting these  enterprises,  that  it  is  not  enough  for 
them  to  know  that  the  concentration  of  power  supply 
avoids  enomious  economic  waste  and  creates  a  new 
factor  in  civilization,  but  that  the  public  must  also  be 
made  to  know  it  and  to  realize  that  the  proposed  anti- 
trust legislation  ought  to  be  modified  with  respect  to 
this  important  new  system  of  transmission  of  elec- 
trical energv-  which  will  be  hardly  less  far-reaching 
in  its  benefits  than  the  telegraph,  long-distance  tele- 
phone and  trunk  line  railroads. 
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Past  President,  National  Electric  Light  Association 

by  urban  or  interurban 


WM.    C.    L.    EGLIX 


THE  purchase  of  power 
electric  railways  has  frequently  been  discussed 
before  engineering  societies  and  in  the  tech- 
nical press;  and  it  is  a  policy  which  has  been  adopted 
by  the  progressive  managements  of  railways  in  many 

sections  of  this  country. 
Its  advantages  are  mani- 
fold ;  two  of  which,  "Eco- 
nomic Advantage"  and 
"Reliability  of  Service," 
are  here  covered  briefly. 

ECONOMIC    .A.DVANTAGE 

The  purchase  of  power 
releases  the  railway  com- 
pany from  the  large  in- 
vestment which  it  would 
otherwise  have  to  make  in 
power  houses,  equipment 
and  apparatus,  and  reduces  the  responsibility  of  its  op- 
erating force ;  thus  enabling  the  management  to  devote 
its  entire  attention  to  building  up  the  particular  busi- 
ness of  the  railway ;  viz.,  transportation.  In  the  man- 
agement of  any  large  undertaking,  it  is  an  axiom  to 
purchase  any  material  or  apparatus  in  the  open  mar- 
ket in  preference  to  manufacturing  it,  provided  this 
can  be  done  at  the  same  or  less  cost.  Therefore,  the 
question  that  must  be  answered,  is : — Can  the  urban 
or  interurban  railwa\-  company  purchase  power  at  the 
same  or  less  cost  than  by  generating  it  in  its  own 
power  houses? 

Electric  power  is  generated  in  large  quantities 
either  by  hydro-electric  developments  or  by  steam- 
electric  plants.  The  cost  of  power  depends  upon  the 
initial  investment,  the  efficiency  of  equipment,  the 
cost  of  fuel  and  other  supplies,  the  labor  cost,  and 
upon  the  maximum  demand  for  power  and  its  aver- 
age use.  Hydro-electric  developments  are  limited  to 
certain  localities,  and  it  is  not  the  intention  to  treat 
of  these.  Economical  plants  of  the  steam-electric  type 
depend  upon  a  reasonably  good  supply  of  fuel  at  a 
fair  cost;  an  abundant  supply  of  water  for  condens- 
ing purposes ;  and  reasonably  pure  water  or  boiler 
feed.  The  efficiency  of  the  steam  turbine  being  higher 
than  that  of  the  steam  engine,  some  type  of  steam 
turb.ne  is  universally  used  in  power  houses  of  any 
magnitude. 

At  the  time  of  the  introduction  of  the  street  rail- 
way systems,  500  volts  direct  current  was  required 
for  this  service.  This  voltage  was  not  available  from 
most  of  the  electric  supply  companies ;  and,  as  the 
latter  companies  also  had  difficulties  then  in  financinff 
their  requirements  to  take  care  of  the  rapid  increase 


in  their  business,  no  effort  was  made  by  them  to  m- 
terest  the  railway  companies  in  the  purchase  of  power. 
Later,  as  these  railway  systems  were  expanded  to 
cover  larger  areas,  requiring  a  wide  distribution  of 
power,  the  use  of  a  number  of  generating  stations  be- 
came necessary ;  and  still  later,  with  the  advancement 
in  the  art  of  generating  electric  power  by  the  use  of 
high-voltage  alternating  current  apparatus  and  the 
distribution  of  the  alternating  current  to  sub-stations 
where  it  was  converted  into  direct  current  of  the  volt- 
age required  for  the  operation  of  the  railway  system, 
more  economic  results  were  obtained. 

It  will  thus  be  seen  that,  to-day,  the  generating 
stations  and  sub-stations  required  by  urban  or  inter- 
urban railways  are  practicallj'  the  same  in  equipment 
as  those  required  by  the  electric  supply  company.  The 
railway  companies  have  been  forced,  in  many  cases, 
to  abandon  the  old  direct-current  generating  stations, 
either  using  part  of  them  as  sub-stations  or  building 
new  sub-stations  in  more  desirable  locations.  In 
iirder  to  efTect  a  reduction  in  their  power  costs,  these 
companies  have  also  been  forced  to  an  additional  in- 
vestment for  installing  modern  apparatus  for  the  gen- 
erating of  high-voltage  alternating  current  at  frequen- 
cies of  25  to  60  cycles. 

These  conditions  govern  the  power  houses  of 
both  the  electric  supply  company  and  the  urban  or  in- 
tertirban  railway  company ;  so  that  the  investment 
costs,  if  based  on  the  same  efficiency,  are  the  same  for 
either  company.  Therefore,  the  electric  supply  com- 
pany is  under  the  same  fixed  charge  covering  invest- 
ment, maintenance,  depreciation,  etc.,  as  is  the  rail- 
way company.  The  railway  power  house  must  be 
designed  to  meet  the  conditions  of  its  maximum  load. 
Its  output,  however,  depends  upon  its  average  load. 
The  electric  supply  company  is  able  to  take  over  the 
additional  railway  load ;  which  tends  to  improve  its 
average  load  or  raise  its  load  factor,  and  in  this  man- 
ner reduce  its  costs.  It  is  logical  to  suppo.'^e  that  the 
electric  supply  company  can  furnish  power  at  the 
same  cost  as  the  railway  company  can  produce  it  and 
with  a  margin  of  profit,  depending  upon  its  success 
in  improving  its  load  factor,  due  to  the  other  loads 
connected  to  its  system.  It  cannot  be  disputed  that 
the  electric  supply  company  must  be  able  to  furnish 
power  to  the  urban  or  interurban  railway  company  at 
the  same  cost  as  the  railway  company  can  produce 
power  itself. 

^'erv  rapid  advances  are  being  made  in  the  elec- 
tric art.  and  the  electric  supply  company  can  afford 
to  discard  obsolete  apparatus  and  add  more  efficient 
and  improved  apparatus,  so  as  to  secure  a  reduction 
in  its  cost  for  generating  electricity.     This  would  not 
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be  considered  justifiable  in  a  single,  small  individual 
power  house,  or  even  in  large  individual  plants.  1  lie 
railway  company  knows  that  in  purchasing  power,  it 
will  always  be  able  to  obtain  the  benefits  from  the 
improvements  in  the  art,  without  making  a  large  ad- 
ditional investment. 

The  urban  or  interurban  railway  business  in  any 
territory  rarely  attains  the  saturation  point,  for  the 
reason  that  there  is  almost  invariably  a  constantly 
growing  population  in  the  district  which  it  serves.  The 
needs  of  the  community  constantly  necessitate  better 
facilities ;  thus  requiring,  on  the  part  of  the  railway 
company,  further  investments  for  extensions  and  im- 
provements. In  the  purchase  of  its  power,  that  por- 
tion of  its  investment  has  been  eliminated ;  in  this  way 
enabling  a  more  rapid  development  of  the  railway 
company's  territory. 

RELIABILITV    OF    SERVICE 

Another  advantage  in  the  purchase  of  power 
from  the  electric  supply  company,  is  reliability  of 
service.  The  conditions  governing  reliability  of 
service  may  be  said  to  be  generally  the  same ; 
i.  e.,  high-class  apparatus,  which  requires  skilled 
attention ;  and  a  well-trained  organization.  Con- 
tinuity of  service  is  safe-guarded,  in  the  most 
careful  manner,  by  all  well-managed  public  elec- 
tric supply  companies,  as  it  is  the  most  essential  fea- 
ture of  the  success  of  their  business.     Greater  pre- 


cautions in  this  connection  can  be  taken  by  the  electric 
supply  company  than  would  be  warranted  or  justified 
by  the  individual  power  house.  To  maintain  the  same 
reliability  as  is  required  from  the  electric  supply  com- 
pany, the  reserve  in  the  individual  power  house  must 
be  larger  in  the  case  of  the  railway  company,  as  it 
must  have  on  hand  sufficient  reserve  to  take  care  of 
the  disablement  of  at  least  one  unit,  and  possibly  must 
have  additional  spare  units  to  take  care  of  any  extra- 
ordinary demands.  Owing  to  its  larger  plant  and  the 
varying  demands  upon  it,  the  electric  supply  company 
has  a  greater  factor  of  reliability  for  any  one  indi- 
vidual consumer.  The  personnel  of  the  electric  supply 
company  is  at  all  times  alert  and  keenly  interested  in 
maintaining  good,  reliable  servce,  and  its  employes 
may  be  classed  as  specialists  in  this  one  branch  of  the 
industry.  They  are  seeking,  upon  every  occasion,  to 
further  improve  the  efficiency  of  the  apparatus  and  its 
operation  so  as  to  reduce  the  costs  and  effect  better 
service. 

The  concentration,  in  the  electric  supply  com- 
pany, of  all  of  the  power  requirements  in  a  given 
area,  leads  to  economic  advantages  in  the  reduction 
of  investment  and  plant,  the  equipment  of  its  plant 
being  designed  to  meet  average  demands  instead  of 
maximum  demands  as  in  an  individual  power  house. 
Therefore,  it  is  a  safe,  sane  and  progressive  policy  to 
purchase  power  in  any  territory  in  which  an  organ- 
ized electric  supply  company  exists. 


The  Pacific  Electric  Railway  System 


G.    B.    KiRKER 

Los  Angeles  Office, 
Westinghouse  Electric  &  Mfg.  Company 

WITHIX  the  last  twenty  years  the  electric  in-  into  four  divisions, 
terurban  railway  system  in  the  Los  Angeles 
district  has  grown  from  a  single  line  four- 
teen miles  long,  connecting  Pasadena  and  Los  An- 
geles, to  one  of  the  largest  interurban  systems  in 
America,  by  which  practically  all  the  surrounding 
towns  within  a  radius  of  50  miles  are  connected  to 
Los  Angeles.  This  system,  which  is  now  the  "Pacific 
Electric,"  is  the  result  of  a  number  of  consolidations 
whereby  all  the  interurban  lines  operating  out  of  Los 
Angeles  and  the  street  railway  lines  operating  in  all 
the  surrounding  towns  have  been  brought  under  one 
head.  Since  the  consolidation  numerous  extensions 
have  been  built.  The  Pacific  Electric  has  been  one 
of  the  prime  factors  which  has  caused  the  phenomenal 
growth  of  Southern  California.  At  the  time  the  single 
line  was  operating  between  Los  Angeles  and  Pasadena 
the  population  of  Los  Angeles  was  approximately  50  - 
000.    At  present  it  has  grow-n  to  over  500  000. 

By  referring  to  Fig.  i,  it  can  readily  be  seen  how 
the  lines  reach  out  in  every  direction  and  how  great  is 
the  amoiuit  of  territorv  served.    The  svstem  is  divide  1 


The  northern  division  includes 
the  lines  serving  the  territory  lying  to  the  north  and 
northeast  of  Los  Angeles.  This  is  the  section  of  beau- 
tiful suburban  towns  and  villages  and  small  ranches 
scattered  at  the  foot  of  the  Sierra  iladre  mountains. 
The  eastern  division  is  composed  of  the  lines  operating 
in  and  around  San  Bernardino,  Redlands  and  River- 
side. The  southern  division  includes  all  lines  running 
to  the  south,  southeast  and  southwest  of  Los  Angeles. 
This  is  a  section  of  large  ranches,  large  suburban 
towns  and  several  popular  beach  resorts  south  of  San 
Pedro,  which  is  the  seaport  of  Los  Angeles.  The 
western  division  includes  all  lines  running  west.  This 
territory  includes  all  of  the  beach  resorts  from  Redon- 
do  north,  also  La  Brea  oil  fields  and  several  beautiful 
suburban  towns. 

SERVICE  CLASSIFICATIONS 

The  passenger  service  is  city,  high  speed  suburban 
and  interurban.  The  freight  service  is  composed  of 
express  and  fast  freight.  The  mail  service  is  quite 
extensive. 
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The  company  operates  a  local  suburban  service 
over  the  regular  interurban  tracks  out  of  the  city  and, 
to  avoid  congestion  on  the  northern  and  southern  di- 
visions, certain  sections  are  four-tracked.  The  sub- 
urban service  is  operated  over  the  two  outside  tracks 
and  the  two  inside  ones  are  reserved  for  the  high-speed 
interurban  cars. 

There  is  a  high-speed  interurban  service  between 
Los  Angeles  and  all  of  the  larger  towns  surrounding, 
the  longest  run  being  approximately  6o  miles. 

CAR  EQUIPMENT 

For  maintaining  the  passenger  service  there  is  a 
total  of  589  motor  cars,  consisting  of  several  different 
classes.  The  "i  000  class"  cars  are  equipped  for  600 
and  I  200  volt  operation.     The  "800  and  900  class" 


trie  system  in  Los  Angeles  is  at  Sixth  and  Main  streets. 
This  is  the  terminal  for  all  lines  except  the  western 
division,  which  is  at  Fourth  and  Hill  streets.  At  San 
Pedro  street  the  northern  and  southern  division  traffic 
separates.  The  interurban  trains  per  day  operated  in 
and  out  of  Los  Angeles  are  as  follows : — 


No 

of  Cars 

No.  of  Trains 

Northern  Division....' 
Southern  Division.... 
Western  Division 

Total 1 

1  098 

598 
566 

2  262 

'                800 
424 
395 

1619 

TR.\FFIC  CONDITIONS 

The  reason  for  the  enormous  passenger  traffic  of 
the  Pacific  Electric  is  due    to    a    number    of    causes. 


FIG.    I — M.^P  OF  THE  P.\CIFIC 


cars  are  equipped  with  W'estinghouse  A.B.  control. 
Some  of  these  cars  are  equipped  with  four  Westing- 
house  No.  76  motors  and  the  others  are  equipped  with 
four  ^\'estinghouse  No.  112  motors.  These  cars  are 
used  for  the  high-speed  interurban  service  on  all  lines 
■except  the  Pasadena  Short  Line.  The  "700  class  '  cars 
are  operated  on  the  Pasadena  Short  Line.  The  "550 
class"  cars  operate  on  a  mixed  suburban  and  interur- 
ban line  where  high  maximum  speed  is  not  necessary 
on  account  of  the  numerous  stops.  The  "500  class" 
cars  are  equipped  with  Westinghouse  A.B.  control  and 
four  No.  306  Westinghouse  motors.  These  cars  are 
in  very  much  the  same  service  as  the  550  class.  The 
"400,  300,  170  and  100  class"  cars  are  used  chiefly  in 
the  city  service. 

THE  LOS  ANGELES  TERMINAL 

The  main  passenger  terminal  of  the  Pacific  Elec- 


ELECTRIC  RAILWAY   SYSTEM 

First,  there  is  a  great  deal  of  suburban  travel,  people 
with  their  business  interests  in  the  city,  living  outside 
of  Los  Angeles  at  the  numerous  beach  resorts,  such  as 
Santa  Monica,  Ocean  Park,  Venice,  Redondo,  Long 
Beach,  Newport  and  Balboa.  The  residents  of  the  sur- 
rounding towns  come  to  Los  Angeles  to  do  their  shop- 
ping and  transact  business  in  general,  so  that  Los  An- 
geles is  practically  the  commercial  center  of  all  this 
territor}'.  There  are  numerous  pleasure  resorts  and 
places  of  interest  which  attract  a  great  tourist  trade. 
The  Mt.  Lowe  trip  is  one  of  the  most  famous  in  the 
United  States. 

The  climatic  conditions  of  Southern  California 
are  such  that  most  every  one  wants  to  live  in  the  open 
as  much  as  possible,  consequently  people  have  built 
their  homes  so  as  to  have  plenty  of  room  around  them. 


THE  ELECTRIC  JOURNAL 


507 


This  necessitates  going  out  from  the  city  [)roper  and 
increases  the  traffic  of  the  railway  company. 

FREIGHT  EQUIPMENT 

While  the  Pacific  Electric  is  known  to  the  people 
in  general  as  a  vast  intcrurban  passenger  system,  it 
does  an  enormous  freight  business,  totalling  39  954  903 


track  is  oiled  to  eliminate  the  inconvenience  of  dust. 
A  large  portion  of  the  road  is  double  tracked  and  parts 
of  the  northern  and  southern  divisions  are  four- 
tracked. 

The  total  mileage  of  the  road  is  1 032,  single 
track  equivalent.  The  rails  are  bonded,  the  work  be- 
ing done  with  an  electric  bonding  machine. 


FIG,    2 — TRAIN    OF    HIGH-SPEED    INTERURBAN   CARS,    SAN    BERNARDINO   LINE 

Equipped   with  600-1  200  volt   equipment,   ALF  control   and   four  Westinghouse  333-.\-2  motors  per  car. 


ton-miles  per  year.  There  are  eleven  60-ton  locomo- 
tives for  operating  on  600  and  i  200  volts,  and  in  ad- 
dition, 32  switching  locomotives.  These  locomotives, 
while  they  are  designed  as  switching  locomotives,  are 
used  also  in  regular  freight  service.  For  car  equip- 
ment, there  are  25  e.xpress  cars,  16  combination  pass- 
enger, express  and  mail  cars,  13  service  cars  for  line 
and  general  maintenance  work  and  i  145  freight  cars. 
The  latter  include  flats,  stock,  beet,  oil  and  dump  cars 
and  gondolas.  The  total  freight  car  mileage  for  the 
year  ending  June  30,  1914,  was  3614732  miles.     The 


OVERHEAD  CONSTRUCTION 

The  accompanying  illustrations  will  give  a  good 
idea  of  the  overhead  construction.  Single-pole  con- 
struction has  been  adopted  on  most  of  the  lines  except 
over  the  four-track  sections,  where  the  span  construc- 
tion is  practically  necessary.  Most  of  the  overhead 
construction  installed  within  the  last  year  or  so  has 
been  of  the  standard  catenary  type  single-pole  con- 
struction, and  a  great  deal  of  it  has  been  insulated  for 
I  200  volt  operation,  as  the  company  intends  to  operate 
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FIG.    3 — 60    TO.N"    LOCUMOIIVE    Ul'LK.\II.\G     IX     K::i.LI..\K     FREIGHT     SERVICE 

Equipped    with    600-1200    volt    contiol    and    four    Westinghouse  308-D-3  motors. 


freight  handled  bv  the  railway  company  consists  of 
fruit,  general  merchandise,  rock,  oil,  beets  and  lumber. 


TR.\CK  AND  ROADBED 


The  track  is  standard  gauge  and  on  all  interurban 
lines  70  lb.  rails  are  used.  The  ballast  is  chiefly  gravel 
or  crushed  rock,  but  in  some  sections  dirt  and  sand 
are  used  on  account  of  local  conditions.    Most  of  the 


most  of  the  long  interurban  lines  at  this  voltage.  At 
present  the  entire  system  is  operated  with  600  volt  line 
voltage,  except  about  20  miles  of  the  San  Bernardino 
line,  which  is  now  being  operated  at  i  200  volts.  It 
is  intended  'ater  to  have  the  I  200  volt  zone  on  this 
line  commence  at  Covina  Junction,  where  it  leaves  the 
main  line,  and  extend  it  to  San  Bernardino,  and  other 
lines  will  be  modified  later  on.     The  catenary  is  so 
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constructed  that  pantograph  trolleys  can  be  used,  but 
at  present  all  cars  are  operated  with  wheel  trolleys. 
Within  the  last  few  years  the  company  has  been 


FIG.    4 — M.\IN    STREET    ENTRA^■CE    TO    P.\C1FIC    ELECTRIC    TERMIN..\L 
AT  LOS   ANGELES 

installing  the  latest  type  automatic  block  signals  fur- 
nished by  the  Union  Switch  &  Signal  Company  on  all 
divisions,  and  within  the  near  future  the  entire  system 
will  be  protected  by  these  signals. 

POWER   DISTRIBUTION 

Power  is  purchased  from    the    Pacific    Light    & 
Power  Company  and  the  Southern  California  Edison 


FIG.    5 — FOUR-TRACK    SECTION    OF    SOUTHERN    DIVISION 

Company,  and  is  transformed  in  the  various  sub-sta- 
tions by  means  of  motor-generator  sets  to  the  trolley 
voltage.  There  is  a  total  of  43  000  kilowatts  capacity 
in  motor-generator  sets.  All  of  the  sub-stations  are 
600  volt  except  No.  23  and  No.  24,  where  i  200 
volt  machines  are  installed.  The  average  input  into 
the  system  is  13  100  000  kw-hrs  per  month.  The  peak 
load  for  the  system  is  approximately  32  000  kw.  The 
company  has  four  portable  sub-stations  which  can  be 
sent  out  to  any  section  of  the  line  on  which  traffic 
conditions  or  accidents  require  additional  power. 

SHOPS  AND   CAR   HOUSES 

The  main  shop  and  car  house  for  the  system  is 


located  at  Los  Angeles.  There  is  a  shop  and  car  house 
located  at  Sherman,  where  light  repairs  and  inspection 
are  done  for  cars  on  the  western  division,  and  one 
at  Pasadena  for  housing  and  light  inspection  for  the 
cars  on  the  Pasadena  Short  Line  and  the  city  cars 
operating  in  Pasadena.  At  Redondo  there  is  another 
car  house  which  serves  as  an  inspection  shed  also. 

At  the  main  Los  Angeles  shops  all  work  incident 
to  the  maintenance  of  rolling  stock  and  motive  power 
for  the  Pacific  Electric  system  is  carried  on,  and  also 
practically  all  of  the  machine  work,  such  as  special 
work  for  the  track.     The  maintenance  of  the  equip- 


FIG.   6 — P.\SSENGER   CAR   FOR   CITY    SERVICE 

Equipped  with  H.  L.  control  and  four  No.  327  Westing- 
house  motors. 

ment  is  very  thorough,  and  not  only  are  the  cars  equip- 
ped and  painted  and  cleaned,  but  the  electrical  and 
brake  equipment  are  kept  in  first-class  condition.  The 
organization  of  the  inspection  and  maintenance  is  of 
the  highest  class  and  the  result  is  that  the  car  failures 
are  few.  The  inspection  is  carried  out  on  a  mileage 
basis,  so  that  each  car  is  inspected  once  every  thou- 


FIG.   7 — MT.    LOWE  LINE 

Showing   how    the   line    winds   up   the   mountain. 

sand  miles  and  a  more  rigid  inspection  is  given  every 
10  000  miles,  and  every  50  000  miles  there  is  a  general 
overhauling. 
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The  Electrified   Hoosac  Tunnel 

L.    C.    WlNSHlJ' 

Electrical  Superintendent, 
Boston  &  Maine  Railroad 

FOR  THIRTY-SIX  YEARS  prior  to  the  spring  and  the  motion  of  the  locomotive,  that  he  allowed  the 
of  191 1,  the  trains  on  the  Fitchburg  Division  driving  wheels  to  slip  until  such  time  as  he  was 
of  the  Boston  &  Maine  Railroad  were  drawn  signaled  from  the  baggage  car  by  an  official  who  had 
through  the  Iloosac  Tunnel  by  steam  locomotives,  discovered  that  the  train  had  come  to  a  stop.  So 
During  the  early  part  of  this  period,  the  traffic  handled     long  had  this  slipping  continued,  that  the  rails  were 

was     comparatively     light     worn  practically    through    the    head    and    the    tires 
and  tlie  tunnel,  lighted  by     loosened  on  all  of  the  driving  wheels, 
electricity,  was  featured  in  The  movement  of  trains  through  the  tunnel  was 

the  advertising  literature  controlled  by  operators  stationed  in  signal  towers  lo- 
cated at  each  portal  and  the  four  and  three-quarters 
miles  of  track  in  each  direction  were  operated  as  a 
single  block,  there  being  no  signals  in  the  tunnel  aside 
from  certain  location  markers.  Passenger  trains  mov- 
ing in  opposite  directions  were  allowed  to  occupy  the 
tunnel  at  the  same  time,  and  a  similar  rule  was  in 
force  with  respect  to  freight  trains,  but  a  freight  train 
was  not  allowed  in  the  tunnel  at  the  same  time  as  a 
passenger  train.  This  method  of  operation,  together 
with  the  necessity  of  providing  helping  engines,  re- 
sulted in  a  congestion  of  freight  trains  at  both  portals 
and  consequent  delay  to  traffic.  Long  third  tracks 
were  provided  near  each  portal  for  the  accommodation 
of  these  waiting  trains  and  to  such  an  extent  were 
they  used  that  the  one  at  West  Portal  became  known 
as  the  "Overtime"'  track. 

The  movement  of  passenger  trains  was  attendeil 
with  locomotives  developing  a  tractive  effort  of  33  000     with  great  discomfort  on  the  part  of  the  passengers. 


of  the  Company.  As  time 
went  on,  however,  the 
number  of  trains  increased, 
the  electric  lights  grew 
dim  and  finally  were  dis- 
continued and  the  tunnel 
became  a  thing  feared  by 
operating  men  and  shunned 
by  the  traveling  public. 
Each  succeeding  year 
brought  with  it  increasing 
traffic  and  worse  conditions  and  in  1910  the  situation 
became  so  critical  as  to  demand  the  use  of  electricity 
as  a  motive  power.  On  May  27th  of  the  following 
year,  the  electrification  was  an  accomplished  fact. 

For  several  years  prior  to  the  electrification,  the 
freight  business  on  this  division  was  handled  largelv 


L.    C.    WINSHIP 


pounds,  the  train  loads  being  limited  to  i  300  tons 
eastbound  and  825  tons  westbound,  these  limits  being 
fixed  by  grades  which  existed  at  other  points  on  the 
division.  While  the  grade  in  the  tunnel  was  but  26.4 
feet  to  the  mile,  the  rail  conditions  were  exceedingly 
bad  and  so  much  difficulty  was  experienced  in  making 
the  run  that  helping  engines  were  provided  for  trains 
in  both  directions.  The  size  of  these  helping  engines 
was  gradually  increased  from  those  developing  25  000 
pounds  tractive  efifort,  in  use  in  1895,  to  oil-burning 
Mallets  of  66000  lbs.  tractive  effort,  in  use  in  1910. 

Occasionally  an  engineman,  if  conditions  were  at 
all  favorable,  would  undertake  the  run  through  the 
tunnel  unassisted,  but  many  of  the  men  were 
so  affected  by  the  difficulties  of  the  movement,  both 
real  and  imaginary,  that  they  were  unwilling  to  make 
the  attempt  alone.  Nor  was  this  fear  without  foun- 
dation. In  many  instances,  enginemen  and  trainmen 
had  been  so  overcoine  by  the  smoke  and  gas  as  to  re- 
quire hospital  treatment.     The  rail  condition  was  so 


for  in  spite  of  the  closed  windows  and  ventilators,  the 
smoke  and  gas  would  enter  the  coaches  to  a  very 
marked  degree.  The  service  was  also  very  severe  on 
the  equipment,  the  coaches  becoming  so  covered  with 
moisture  and  soot  on  a  single  trip  as  to  require  the 
cleaning  of  the  hand-rails  and  windows.  The  track 
maintenance  was  very  difficult  and  exceedingly  ex- 
pensive. The  trackmen  and  miners  were  unable  to 
average  more  than  two  hours  of  work  out  of  ten,  the 
smoke  during  much  of  the  time  being  so  thick  as  to 
make  their  torches  entirely  ineffective.  Consequently 
large  gangs  of  men  were  required.  The  life  of  the 
80  pound  rail  was  but  three  and  one-half  to  four 
years,  due  to  the  corrosive  action  of  the  moisture  and 
gases  and  the  abrasion  which  resulted  from  the  use 
of  large  quantities  of  sand.  The  corrosive  action  was 
especially  marked  at  the  point  of  contact  with  the 
cross  tie,  spikes  and  tie  plates  wasting  almost  entirely 
awav  dtiring  the  life  of  the  rail. 

Today  one  may  stand  at  the  center  of  the  tunnel, 
and   see   daylight  at   either  portal.     Trains   weighing 


bad  that  it  was  no  uncommon  thing  for  an  engineman  3  200  tons  are  moved  with    ease    and    dispatch,    and 

to  place  a  broom  handle  against  the  tunnel   wall   in  throe  of  them  mav  at  one  time  occupy  the  same  track 

order  to  determine  whether  or  not  his  locomotive  was  between  the  portals.     The  "Overtime"  track  remains 

moving.    In  one  instance  an  engineman  of  a  passenger  but  the  peculiar  designation  is  obsolete  and  the  track 

train   was  so   deceived  by   the  sound  of   the  exhaust  is  once  more  known  bv  its  number.     Passenger  trains 
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move  through  the  tunnel  with  doors  and  windows 
open,  and  on  a  hot  summer  day  the  cool  air  comes  as 
a  positive  relief.  The  maintenance  force,  greatly  de- 
creased, get  in  a  full  day's  work  and  the  men  are 
recognizable  as  they  emerge  from  the  tunnel  at  its 
close.  The  icxd  pound  rail  gives  evidence  of  a  life 
of  ten  to  twelve  years  and  an  increased  life  of  the 
cross  ties  is  expected.  Such  in  brief  is  that  which  has 
been  accomplished  by  the  electrification. 

In  the  electrical  operation  of  the  tunnel  zone,  25 
cycle  single-phase  current  at  1 1  000  volts  is  received 
at  the  western  portal  and  is  there  distributed  to  the 
various  sections  of  the  line,  this  distribution  being  in 
charge  of  a  load  dispatcher  located  in  the  signal  tower. 
Such  sectionalization  of  the  lines  as  may  be  required 
at  the  eastern  portal  and  at  North  Adams  is  attended 
to  by  men  who  are  regularly  employed  in  other  capa- 
cities. On  the  approaches  to  the  tunnel,  the  electric 
locomotives  are  used  as  helpers,  the  steam  locomotives 
then  being  drawn  through  the  tunnel  with  their  trains. 
Steam  assistance  is  given  the  electric  locomotives  on 
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both  freight  and  passenger  trains  during  acceleration, 
this  assistance  being  discontinued  at  such  time  as  to 
allow  the  steam  locomotive  to  enter  the  tunnel  without 
the  emission  of  smoke.  This  method  of  operation 
materially  decreases  both  the  running  time  of  the  trains 
and  the  load  on  the  generating  station. 

The  train  movement  during  the  years  of  191 1, 
and  1912,  just  subsequent  to  the  electrification,  was 
practically  the  same  as  that  for  a  similar  period  dur- 
ing 1909  and  1910,  but  the  addition  of  the  block  sig- 
nals, which  the  electrification  made  possible,  practic- 
ally doubled  the  capacity  of  the  tunnel  and  thus  re- 
moved the  limiting  conditions  which  were  very  closely 
approached  in  1909.  In  a  number  of  instances  during 
the  busy  season  of  191 1  and  1912,  over  60  freight 
trains  were  handled  through  the  tunnel  in  a  single 
day.  This  number  together  with  the  passenger  and 
light  locomotive  movements  brought  the  total  for  the 
day  up  to  about  100,  or  practically  one  movement  for 


each  15  minutes,  a  number  which  would  have  been 
impossible  with  steam  operation.  This  increased  free- 
dom of  train  movement  is  clearly  evidenced  by  a  com- 
parison of  the  overtime  charge  for  similar  periods  of 
steam  and  electric  operation.  In  October  1909  there 
was  paid  for  overtime  on  the  western  section  of  the 
division,  $4201.  In  October  191 1,  there  was  paid  for 
similar  service,  $477.  Practically  all  of  this  overtime 
resulted  from  delays  attendant  upon  the  movement 
of  trains  through  the  tunnel.  The  tunnel  is  no  longer 
the  cause  of  overtime  charges. 

The  motive  power  equipment  comprises  five  loco- 
motives, four  of  which  must  be  available  for  service 
at  all  times  during  the  day.  The  fifth  locomotive  is 
reserved  between  6  A.M.  and  5  P.M.  for  inspection 
and  repairs.  Eight  engine  crews  are  assigned  to  the 
electric  service  and  this  number  is  ordinarily  sufficient 
to  handle  the  business  satisfactorily.  One  or  two 
extra  crews  have  been  added  occasionally  for  short 
intervals.  In  order  to  meet  the  changed  conditions 
which  have  been  recently  brought  about  by  the  run- 
ning of  numerous  double-headed  steam  freight  trains, 
it  has  been  customary  to  operate  two  electric  locomo- 
tives in  multiple  as  a  unit. 

At  the  time  when  the  locomotive  equipment  was 
purchased  it  was  thought  that  the  electrical  operation 
would  be  immediately  discredited  in  the  mind  of  the 
traveling  public  if  the  passenger  trains  were  not 
moved  through  the  tunnel  as  rapidly  as  had  been 
customary  with  steam  operation.  Consequently  the 
gear  ratio  of  two  of  the  five  locomotives  was  made 
such  as  to  permit  speeds  up  to  55  miles  per  hour,  with 
a  tractive  effort  of  about  one-half  that  of  the  other 
three  locomotives.  Soon  after  the  operation  began 
however,  it  was  apparent  that  the  traffic  passing 
through  so  short  an  electric  zone  could  be  handled 
most  satisfactorily  with  all  locomotives  having  the 
same  characteristics,  as  it  would  then  be  possible  to 
use  each  helper  in  its  turn,  every  locomotive  being 
available  for  either  a  passenger  or  a  freight  train  as 
the  case  might  be.  As  no  objection  had  been  raised 
to  the  slightly  longer  time  taken  by  passenger  trains 
when  drawn  by  the  freight  locomotives  having  a 
speed  limit  of  30  miles  per  hour,  it  was  decided  to 
change  the  gear  ratio  of  the  passenger  locomotive  to 
that  of  the  freight  type.  This  change  was  made  dur- 
ing the  summer  of  1912. 

Since  the  movement  of  the  first  steam  train  in 
February  1875,  a  heavy  deposit  of  finely  divided  car- 
bon has  gradually  accumulated  on  the  walls  and  roof 
of  the  tunnel.  During  the  period  of  steam  operation 
there  was  always  sufficient  moisture  present  to 
dampen  the  carbon  and  keep  it  practically  quiescent. 
After  two  or  three  months  of  electrical  operation, 
however,  the  moisture  disappeared  and  the  carbon 
was  left  free  to  move  with  any  current  of  air  which 
might  disturb  it.  Large  quantities  of  this  dust  be- 
came entrained  with  the  ventilating  air  supplied  to  the 
main  motors  of  the  electric  locomotives  and  frequent 
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insulation  failures  resulted.  Not  only  was  this  dust 
troublesome  on  account  of  its  abrasive  and  conduc- 
tive qualities,  but  its  inflammability  under  certain 
conditions  contributed  largely  to  the  destruction  of  the 
motor  insulation. 

The  rate  of  accumulation  of  this  dust  has  been 
such  as  to  make  necessary  the  dismantling  of  the  mo- 
tors for  thorough  cleaning  after  a  service  of  about 
24  000  miles.  Modihcations  to  avoid  trouble  due  to 
excessive  dust  have  been  tried  on  three  armatures 
and  the  results  which  have  been  obtained  are  such  as 
to  warrant  their  adoption  on  other  armatures  as  they 
'be  rewound.  A  change  has  also  been  made  recently 
in  the  main  circuits  of  the  locomotives  which  promises 
to  prevent  in  the  future  much  of  the  serious  trouble 
which  has  been  experienced  from  this  carbon  dust. 
The  auto-transformer  has  been  made  a  two  circuit 
transformer  and  the  main  and  auxiliary  motors  are 
now  on  the  closed  secondary  circuit.  This  arrange- 
ment, with  the  addition  of  ground  detectors,  not  only 
tends  to  prevent  failures  by  removing  the  greater  part 
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of  the  strain  on  the  insulation,  but  it  also  provides 
a  means  of  detecting  the  presence  of  incipient  break- 
downs which  may  be  located  and  repaired  before  they 
lead  to  extensive  bum-outs.  The  quantities  of  this 
dust  which  have  been  found  in  motors  recently  over- 
hauled, have  been  somewhat  less  than  that  previously 
noticed  and  while  this  evidence  may  not  be  conclusive, 
it  seems  to  show  that  tunnel  conditions  in  this  respect 
are  improving. 

During  the  warm  summer  months,  the  moisture 
which  is  drawn  into  the  tunnel  w-ith  the  ventilating 
air,  condenses  in  large  quant-ties  on  the  wires  of  the 
overhead  structure.  This  moisture  combines  with  the 
sulphur  emitted  in  gaseous  form  by  the  steam  locomo- 
tives and  the  acid  which  results  from  this  combination 
at  once  attacks  the  copper.  The  dust  and  soot  mixes 
with  the  products  of  this  corrosion  and  a  heavy  paste, 
decidedly  acid  in  nature,  is  built  up  on  the  trolley 
wires.  The  pantagraph  shoe  in  its  movement  along  the 
wires  scrapes  off  a  large  quantity  of  this  deposit  and 
distributes  it  over  the  roof  of  the  locomotive  and  all 
of  the  apparatus  located  thereon. 


The  trolley  frames,  roof  plates,  air  reservoirs  and 
piping  suffer  severely  from  the  action  of  the  acid  and 
much  thought  and  labor  have  been  given  to  the  matter 
of  their  protection.  The  trolley  frames  have  been 
painted  about  once  everj-  three  weeks,  with  an  under- 
tinishing  black  varnish,  but  the  life  of  the  steel  tubing 
has  been  short  in  spite  of  this  attention.  A  satisfactory 
protective  coating  for  the  roof  plates  must  be  able  to 
withstand  not  only  the  action  of  the  acid  but  the  foot 
wear  of  the  maintenance  men,  and  considerable  dif- 
ficulty has  been  experienced  in  obtaining  a  coating  of 
this  nature.  An  asphalt  paint  was  given  an  ex- 
tensive trial,  but  was  discarded  on  account  of  its  ten- 
dency to  soften  in  hot  weather  and  its  apparent  lack 
of  acid  resisting  qualities.  At  present  fairly  good  re- 
sults are  being  obtained  from  the  use  of  two  coats  of 
blue  lead  and  one  of  structural  green  paint. 

Not  only  does  this  paste  attack  the  apparatus  on 
the  roof  of  the  locomotive,  but  it  combines  with  the 
water  which  falls  during  a  heavy  rain  storm  and  a 
solution  results,  which  provides  excellent  conditions 
for  short-circuiting  the  pantagraph  trolley  insulators. 
These  short-circuits  are  not  confined  to  flash-overs 
from  the  metal  insulator  cap  to  the  roof,  but  frequent- 
ly follow  the  drip  from  the  lower  trolley  frames  to  the 
roof  and  air  pipes.  During  the  early  part  of  the  oper- 
ation, many  of  the  short-circuits  were  started  by  the 
water  which  ran  from  the  insulator  shield  directly  to 
the  metal  roof  of  the  locomotive.  In  order  to  divert 
this  water  and  to  lengthen  its  travel,  a  wooden  plat- 
form treated  with  insulating  paint  was  placed  under 
the  insulators  which  carr)-  the  pantagraph  trolley  base. 
This  additional  insulation  has  undoubtedly  decrease! 
to  some  extent  the  number  of  flash-overs,  but  in  spite 
of  the  frequent  painting  its  surface  soon  takes  on  a 
conducting  film  which  under  certain  conditions  will 
start  an  arc.  This  fact  was  recently  illustrated  on  a 
locomotive  which  had  been  standing  in  the  shop  yard 
exposed  for  several  hours  to  a  fine  rain.  One  panta- 
graph was  against  the  trolley  wire  and  the  other  was 
in  the  down  position.  Both  were  alive.  The  flash- 
over  took  place  between  the  lower  frame  of  the  trol- 
ley which  was  down  and  an  adjacent  air  reservoir  and 
an  angle  iron  on  the  roof.  The  bum  on  the  reservoir 
was  twelve  inches  from  that  on  the  trolley  frame  ani 
the  one  on  the  angle  iron  was  two  inches  further  away. 
The  paint  on  the  wooden  platform  was  slightly 
scorched  but  there  w-as  no  indication  of  tlie  passage 
of  any  great  amount  of  current  over  this  surface. 

The  operation  of  the  tunnel  has  been  marked  by 
the  complete  freedom  from  electrical  failure  of  the 
300000  volt  double  insulation.  The  stranded  copper 
messenger  has  failed  in  one  instance  under  conditions 
which  would  indicate  a  diminution  in  cross-section  due 
to  the  corroding  effect  of  water  which  was  continually 
dropping  upon  it  from  the  roof.  At  another  time,  the 
messenger  and  trolley  wires  were  completely  severed 
by  the  arc  which  resulted  from  contact  between  the 


512 


THE  llUiCTRIC  JOURNAL 


trolley  construction  and  a  high  brake  staff  on  a  mov- 
ing car.  The  removal  of  the  strain  from  one  side  of 
the  insulator  brackets  which  were  adjacent  to  the 
break,  resulted  in  a  slight  distortion  of  these  particu- 
lar brackets,  but  their  alignment  was  readily  restored 
by  llie  repair  of  the  wires  between  them.  The  fact 
that  a  line  failure  of  this  nature  affected  only  two  of 
the  brackets,  speaks  well  for  a  type  of  construction 
which  supports  the  two  lines  of  catenary,  each  four 
and  three-quarter  miles  long  without  the  aid  of  inter- 
mediate anchors  or  dead  ends. 

The  corrosion  of  the  catenary  construction  previ- 
ously mentioned,  has  not  as  yet  progressed  far  enough 
to  materially  weaken  any  of  the  component  members, 
except  in  the  case  of  the  bronze  double  catenary 
hanger.  This  particular  hanger  is  so  designed  as  to 
permit  of  a  certain  amount  of  flexibility  of  the  running 
wires,  the  flexibility  being  obtained  through  the  move- 
ment of  the  lower  part  of  the  hanger  upon  the  hanger 
rod.  The  rod  has  failed  at  the  point  of  this  movement 
and  it  is  probable  that  the  mechanical  wear  has  con- 
tributed to  the  failure.  A  re-design  of  the  hanger 
which  would  provide  for  an  increased  cross-section  at 
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the  lower  end  of  the  rod,  would  undoubtedly  eliminate 
much  of  this  trouble.  Notwithstanding  the  fact  that 
the  advance  of  this  general  corrosion  is  not  particu- 
larly rapid,  it  has  nevertheless  been  viewed  with  con- 
siderable concern  and  a  number  of  suggestions  have 
been  made  with  reference  to  the  use  of  a  protective 
coating.  In  October  of  1912,  a  coating  of  tallow  was 
applied  to  about  i  000  feet  of  the  trolley  and  messen- 
ger wires  over  the  eastbound  track  at  a  point  near  the 
ventilating  shaft,  these  wires  having  been  prev- 
iously cleaned  with  a  stiff  wire  brush.  Upon  an  ex- 
amination of  this  section,  which  was  made  in  July  of 
the  present  year,  the  upper  side  of  the  trolley  wires 
was  found  to  have  retained  the  original  coating  to  a 
large  extent,  and  this  surface  was  practically  as 
smooth  as  when  the  coating  was  applied.  Much  of  the 
tallow,  however,  had  disappeared  from  the  sides  of 
the  trolley  wires  and  here  a  slight  amount  of  incrusta- 
tion was  found.  The  results  of  the  experiment  which 
have  thus  far  been  obtained  are  not  conclusive  and 
further  observations  will  be  made  from  time  to  time. 
The  cast  iron  fittings  wliich  were  used  in  the  line  con- 


struction were  originally  protected  by  a  coating  of 
paint  ha\ing  a  large  rubber  content.  This  soon  proved 
to  be  ineffective  and  late  in  the  spring  of  1912,  these 
fittings  were  thoroughly  cleaned  and  given  a  coating 
of  an  asphalt  paint.  There  is  at  present  a  certain 
amount  of  corrosion  in  evidence,  but  it  is  not  of  such 
a  nature  as  to  require  attention  for  another  year. 

The  movement  of  the  steam  locomotives  through 
the  tunnel  results  in  a  gradual  accumulation  of  soot 
on  the  surface  of  the  insulators.  While  this  accumu- 
lation has  not  as  yet  caused  a  flash-over,  it  is  never- 
theless thought  advisable  to  remove  it  about  once  a 
year.  The  soot  which  collects  on  the  insulators  which 
are  at  some  distance  from  the  tunnel  portals,  remains 
soft  and  is  easily  removed  with  dry  cotton  waste,  but 
on  the  insulators  which  are  near  the  portals,  it  takes 
the  form  of  a  hard  glaze  which  adheres  very  closely 
to  the  porcelain.  A  mixture  of  kerosene  and  ashes 
applied  with  cotton  waste  has  been  successfully  used 
on  these  particular  insulators. 

Micrometer  measurements  of  the  trolley  wires  taken 
at  a  point  where  the  water  is  falling  upon  the  wires 
in  such  a  way  as  to  keep  them  clean,  show  a  decrease 
in  vertical  cross-section  of  about  0.027  inch  during 
the  three  years  of  service. 

An  inspection  of  the  overhead  construction  is 
made  once  a  week  from  the  line  maintenance  train 
which  is  provided  with  an  acetylene  light.  In  many 
instances  this  inspection  is  made  with  an  electric  loco- 
motive handling  the  train.  A  steam  locomotive  is 
used,  however,  at  such  times  as  repairs  are  required, 
the  power  then  being  removed  from  the  line  upon 
which  work  is  being  done.  During  the  winter  months 
a  considerable  amount  of  ice  collects  on  this  con- 
struction at  points  where  the  water  seeps  through  the 
tunnel  roof.  This  ice  is  removed  by  means  of  long 
poles  fitted  with  iron  tips.  The  removal  is  ordinarily 
made  without  taking  the  power  from  the  line.  Doors 
are  provided  at  the  western  portal,  which  are  used 
during  the  winter  to  provide  against  the  admittance  of 
cool  air,  which  would  greatly  increase  the  troubles 
resulting  from  the  formation  of  ice. 

Following  the  inception  of  a  very  extensive  water 
power  development  on  the  Deerfield  River,  arrange- 
ments were  made  to  supplement  the  power  supply  at 
Zylonite  from  this  source.  The  hydro-electric  station 
which  is  nearest  to  the  tunnel  comprises  in  its  equip- 
ment two  units  which  are  designed  to  furnish  alter- 
nating current  of  two  frequencies,  25-cycle  for  railway 
work  and  60-cycle  for  commercial  service.  Each  one 
of  these  units  consists  of  two  3000  kilowatt  three- 
phase  generators  and  a  water  wheel,  the  rotors  of  the 
generators  being  carried  on  the  same  shaft.  At  pres- 
ent water  power  is  not  available  at  this  station  and 
the  generating  units  are  operated  as  frequency-chang- 
ing sets  receiving  60  cycle  current  at  2  300  volts  and 
delivering  25  cycle  current  at  1 1  000  volts.  The  trans- 
mission net  work  which  supplies  this  station  is  oper- 
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ated  at  69000  volts.  It  is  expected  that  the  water 
wheels  will  be  in  service  in  1915  and  the  station  will 
then  be  able  to  furnish  about  12000  kilowatts  contin- 
uously. A  transmission  line  two  and  one-half  miles 
long,  over  which  single-phase  current  is  furnished  for 
train  propulsion,  has  recently  been  built  from  East 
Portal  to  this  station.  A  second  line  used  for  the 
transmission  of  three-phase  current  at  33  000  volts 
connects  this  station  with  the  Zylonite  plant.  The 
energy  supplied  over  this  line  is  ordinarily  used  by 
the  Berkshire  .Street  Railway  Company  for  its  trolley 
lines,  but  it  is  available  under  certain  conditions  for 
train  operation  in  the  electric  zone.  An  agreement 
is  effective  between  the  Connecticut  River  Transmis- 
sion Company  and  the  Berkshire  Street  Railway  Com- 
pany which  provides  for  the  sale  of  power  to  the  Con- 
necticut River  Transmission  Company  during  periods 
of  extremely  low  water. 

The  main  line  tracks  in  the  electric  zone  are  equip- 
ped with   automatic   electric   signals,  operated  by  60 


been  adequately  described.*  It  has  been  the  purpose 
to  touch  upon  a  few  of  the  operating  features  which 
appear  to  be  peculiar  to  tunnel  operation,  and  partic- 
ularly to  the  operation  of  Hoosac  Tunnel.  The  in- 
crease in  the  capacity  of  the  tunnel  with  its  conse- 
quent facility  of  train  movement,  the  added  safety  for 
operating  men,  and  the  increased  comfort  for  the  trav- 
eling public,  which  were  effected  by  the  electrification, 
were  all  anticipated,  but  many  of  the  less  important 
features  are  novel.  The  decreased  amount  of  smoke 
and  exhaust  steam  which  resulted  in  a  drier,  purer 
air  having  a  smaller  acid  content,  brought  with  it 
lengthened  life  of  the  rail,  spikes  and  tie  plates,  and 
increased  opportunity  for  work  which  resulted  in 
marked  decrease  in  maintenance  cost.  But  this  drier 
air  introduced  a  serious  problem  in  motor  maintenance 
by  releasing  immense  quantities  of  soot  which  had 
accumulated  in  some  places  to  the  depth  of  a  fooi  on 
tlie  walls  and  in  the  galleries  during  the  thirty  years 
of  steam  operation — soot,  harmless  in  its  moist  condi- 
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cycle  current  supplied  at  2  200  volts  by  the  local  com- 
pany. Two  of  these  signals,  equipped  with  indicating 
lights  in  place  of  semaphore  blades,  have  been  installed 
on  each  track  in  the  tunnel  in  such  a  a  way  as  to  prac- 
tically divide  it  into  three  blocks.  These  par- 
ticular signals  are  made  positive  in  effect  through 
the  use  of  a  special  telephone  circuit  connecting  each 
signal  location  with  the  signal  towers  at  the  portals. 
In  case  the  signal  is  red  the  engineman  must  obtain 
a  clearance  by  telephone  from  the  operator  before  pro- 
ceeding. This  telephone  circuit  and  the  power  and 
control  circuits  for  the  operation  of  the  signals  are 
carried  in  lead  covered  cables  which  are  suspended 
from  the  side  wall  of  the  tunnel.  A  second  telephone 
fircuit  is  carried  through  the  tunnel  with  stations 
3  000  feet  apart.  This  circuit  is  ordinarily  used  by 
the  trackmen  and  miners,  but  is  available  at  all  times 
for  general  use. 

In  the  foregoing  there  has  been  no  attempt  at  a 
description   of  the  electrification   as   this  has  alreadv 


tion  but  a  serious  menace  when  dry.  Even  though 
the  steam  locomotives  are  hauled  through  the  tunnel, 
they  still  give  out  enough  vapor  of  an  acid  nature  to 
cover  the  wires  vi'ith  a  corroding  moisture  destructive 
in  itself  but  more  troublesome  yet  by  showering  the 
roofs  and  insulators  of  the  locomotives  with  a  corrod- 
ing and  conducting  compound  which  has  made  roof 
preservation  difficult  and  the  ordinary  pantagraph 
trolley  insulation  inadequate. 

These  interesting  problems  in  maintenance,  as 
they  arise,  must  be  met.  None  of  them  are  of  an 
alarming  character,  and  when  weighed  against  the 
benefits  that  have  accrued  from  the  electrification, 
while  not  insignificant,  are  relatively  small.  The  re- 
sults of  three  years  of  operation  have  justified  the 
wisdom  of  electrifying  the  tunnel,  and  a  record  of  no 
electric  failures  on  the  distribution  system  within  its 
portals  during  that  period,  speaks  well  for  the  designs 
upon  which  the  construction  was  installed. 


*See  article  by  Mr.   H.   K. 
for  October,  191 1,  p.  830. 
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The  Solution  of  a  City's  Transit  Problem' 


A.   MERRITT  TAYLOR 


A.  Mkkbi 
Director,  Department  of 

THE  expansion  in  area  of  the  great  cities  in  re- 
cent years  which  in  large  part  has  been  made 
possible  by    and  has  resulted  from  improved 
transit  facilities  has  forced  upon  them  the  necessity  of 

securing  still  further  im- 
provement of  such  facilities 
to  permit  the  expansion  to 
continue.  Where  existing 
facilities  are  unduly  con- 
gested, relief  must  be  se- 
cured. The  channels  through 
which  the  traffic  of  great 
cities  flows  or  should  flow, 
must  afford  prompt,  efficient 
service  to  the  traveling  pub- 
lic with  a  resultant  conveni- 
ence and  saving  in  time  and 
in  money.  Every  important 
section  of  a  city  should  be  made  readily  accessible 
from  every  other  important  section  of  such  citv, 
in  point  of  time,  comfort  and  cost.  Undue  congestion 
of  population,  or  the  only  other  alternative,  stagnation, 
must  be  avoided  by  making  outlying  undeveloped  areas 
readily  accessible  for  development.  Therefore,  it  has 
become  necessary  to  devise  methods  of  determining 
city  transit  requirements,  and  to  provide  therefor. 

The  definite  problem  in  each  case  is  to  deter- 
mine:— 

I — The  type,  location  and  extent  of  the  improvement  in 

transit  facilities. 
2 — The  best  method  of  securing  the  necessary  money  and 

the  best  policy  as  to  ownership  and  operation. 
3 — The_  probable   volume    of    traffic    and    the     degree   in 

which  direct  revenue  and  contingent  benefits  will  pay 

the  fixed  charges  on  the  investment. 

The  notes  herewith  presented  relate  only  to  type, 
location  and  extent  of  improvements  warranted  and 
the  probable  volume  of  traffic  and  operating  results, 
but  do  not  deal  with  the  question  of  financing  these 
improvements  or  policy  as  to  ownership  and  operation. 

REQUIRED   DATA 

The  first  requisite  in  the  solution  of  this  problem 
is  an  accurate  exposition  of  the  existing  situation,  com- 
prising the  location  of  the  population  in  workable  de- 
tail and  the  direction,  length,  time  and  frequency,  on 
the  average,  of  the  journeys  made  by  each  group  or 
section  of  the  population.  A  satisfactory  method  of 
estimating  the  number  of  present  passengers  who 
would  use  a  high  speed  line  in  preference  to  the  pres- 
ent lines  gives,  then,  a  sound  basis  for  determining 
the  necessity  for  and  the  prospective  volume  of  traffic 
on  a  high  speed  system. 


XT  Taylor 
City  Transit,   Philadelphia 

Future  increase  in  the  habit  of  riding  and  in  the 
number  of  people  tributary  to  any  lines  proposed  must 
be  matters  of  estimate.  The  business  foundation  of 
the  project,  however,  will  rest  on  the  actual  traffic  ex- 
isting, and  it  is  therefore  absolutely  necessary  to  as- 
certain the  characteristics  and  volume  of  this  traffic 
with  the  greatest  possible  and  practical  degree  of  ac- 
curacy. The  estimates  of  future  increases  must  be 
predicated  conservatively  upon  past  experience  in 
other  cities  and  in  the  city  in  question  wherever  it  can 
be  found. 

The  prominent  features  of  the  particular  problem 
in  Philadelphia  are  the  wide  extent  and  comparatively 
low  density  of  population,  the  scarcity  of  wide  and 
diagonal  streets  and  the  localization  of  the  interests 
of  a  large  part  of  the  population  in  the  neighborhood 
of  large  industrial  plants  and  centers.  A  part  of  the 
methods  adopted  in  Philadelphia  to  reach  a  solution 
of  the  problem  are  here  presented  in  detail. 

STUDY  OF  THE  POPULATION 

Location  of  iQio  Population — On  a  street  map  of 
Philadelphia,  of  which  Fig.  i  shows  one  square  mile, 
the  1910  U.  S.  Census  enumeration  districts,  of  which 
there  are  i  293,  were  outlined.  Within  the  boundaries 
of  each  of  such  districts  were  entered  as  shown  in 
Fig.  2  :— 

I — The  identification  number  thereof  (in  the  upper  right 
hand  corner  of  each  district). 

2 — The  population  thereof  (upper  figure  in  each  district). 

3 — The  density  of  the  population  thereof  per  acre  which 
was  determined  by  dividing  the  oopulation  by  the 
area  in  acres   (lower  figure  in  each  district"). 

The  area  in  acres  of  each  enumeration  district 
was  integrated  by  means  of  a  planinieter. 

Population  Estimated  for  igi2 — The  population 
as  of  191 2  was  estimated  by  four  methods  and  com- 
posite or  average  estimates  made  therefrom  for  each 
ward. 

I — One-fifth  of  the  actual  increase  in  population 
of  each  ward  as  shown  by  the  United  States  Census 
for  1910  over  1900  was  added  to  the  1910  population 
of  such  ward  in  order  to  arrive  at  the  estimated  popu- 
lation thereof  for  1912. 

Example — (Ward  23) 
1910    Population,    32 133 
TOGO  "  26  109 


♦The  statements  and  maps  referred  to  other  than  those 
illustrated  herein  are  contained  in  Report  of  Transit  Commis- 
sioner, City  of  Philadelphia.  July,  1013,  to  which  this  article 
is  supplementary. 


6024  ^  S  =     I  204  (Increase    1912    over 
1910) 
+  32  133    (1910  population) 

3y337  =    Estimated     popu- 
lation, IQI2 

2 — From  the  records  of  the  City  Board  of  Com- 
pulsory Education  was  obtained  the  number  of  school 
children,  ages  6  to  15  inclusive,  in  each  ward.  For 
1910,  dividing  the  population  of  the  ward  b)'  the  num- 
ber of  school  children  therein  gave  the  ratio  of  school 
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children  to  population,  and  for  1012  the  ratio  was 
increased  one  percent  in  accord  with  the  tendency  of 
previous  years. 

Example — (Ward  2j) 

lOio  Population.  ■^-'■^^=600 

1910  School   children,     5  356 
This  ratio -x  i.oi  =  6.06  =  1912  estimated  ratio  of  school 
children  to  population. 


FIG.     I — ILLUSTRATION    OF    B.\SE    STREET    PL.\N    USED 

Traffic  section  No.  26,  scale — 3  inches  =;  i   mile. 

The  number  of  1912  school  children  was  multi- 
plied by  the  1912  estimated  ratio  to  arrive  at  the  esti- 
mated population  of  each  ward  for  1912. 

Example — (Ward  23) 

Number  of  1912  school  children,  5586  x  6.o5  =  33851  = 
estimated  population. 

3 — From  the  records  of  the  County  Commission- 
ers was  obtained  the  number  of  assessed  voters  in 
each  ward  for  December,  1909,  and  December,  1911. 
The  1 910  population  of  each  ward  was  divided  by 
the  nuinber  of  December,  1909,  assessed  voters  for 
the  19 10  ratio,  which  was  increased  two  percent  in  ac- 
cord with  the  tendency  of  previous  years  for  the  1912 
estimated  ratio,  and  the  number  of  December,  1911, 
assessed  voters  was  multiplied  by  this  ratio  for  the 
1912  estimated  population. 

E.xample — (Ward  23) 

Population.   1910.  32  133    ^, 

Assessed  voters  in   December,   1909,     7  537 

Ratio  4.26  X  1.02  ^=  4.34  ;=  estimated  ratio.    Assessed  voters. 

December.  1911  =  7785  x  4.34  =  Z378y  =  estimated  popu'a- 

tion  1912,  based  upon  assessed  voters. 

4 — The  number  of  dwellings  erected  during  the 
years  1900  to  1910  was  ascertained  for  the  entire  city 
by  natural  groups  of  wards  from  the  records  of  the 
City  Bureau  of  Building  Inspection.  The  increase  in 
population  for  the  same  period  was  determined  for 
these  groups  from  the  United  States  Census.  The 
latter  figure  was  divided  by  the  former,  giving  the  in- 
crease in  population  per  dwelling  built  during  this 
period.  The  number  of  dwellings  built  during  the 
decade  was   considered  as  substantiallv  the  same  as 


the  number  newly  occupied  during  this  lime.  There- 
fore the  result  may  be  regarded  as  increase  in  popu- 
lation jier  dwelling  newly  occupied  without  deduction 
for  dwellings  vacated. 

The  number  of  dwellings  newly  occupied  in  the 
year  191 1  and  the  year  1912  was  obtained  by  sejjaratc 
wards  from  the  City  Water  Bureau.  The  number  of 
dwellings  newly  occupied  was  then  multiplied  by  the 
increase  in  population  per  newly  occupied  dwelling 
which  was  derived  as  described  above.  This  product 
is,  then,  the  estimated  increase  in  population  for  the 
year.  The  increase  for  191 1  was  then  added  to  the 
poi)ulation  for  1910,  given  by  the  U.  S.  Census,  to 
procure  the  total  population  for  191 1,  and  the  1912 
population  obtained  by  adding  its  increase  to  the  191 1 
figure,  as  follows  : — 


I'rankford  ;ind  Bridesburg  Group 


Dwellings 
Built 


Increase  in 
Population 


Ward  23 
Ward   35 

Ward  41 


1900  to  1910     1900  to  1910 


Total  for  group 
12206 


1662 

647 

1034 

3  343 


6024 
1870 
4312 

12206 


.1343 


3.64,  increase  in  population  per  new  dwelling. 
339 


=  new   dwellings  occupied   1911    (from 
city  records) 
339  "^  3-64  =  I  233  =  increase  in  population  1910  to  191 1 

Adding  32  133  (population,  1910,  from  U.  S.  census) 
the  result  is  33366,  the  estimated 
population  in  191 1  for  Ward  23 

390  =  new   dwellings  occupied   1912    (from 
city  records) 
390  X  3.64  =     1420  increase  in  population   191 1  to  1912 
Add  33366  population,   1911    (estimated  above) 


34  786  estimated  population.  1912,  for  Ward  23 


I-IC.    2 — II.LUSTR.MION    OF    CNITKD    >T.\TES    CENSUS    DISTRICTS 

Traffic  section  No.  26,  scale — 3  inches  =  1  mile.  Dis- 
trict number  in  upper  right  hand  corner.  1910  population 
upper    number,    1910   density    of   population    per   acre   lower 

lumibcr. 

For  the  purposes  of  the  Census,  a  dwelling  house 
was  defined  in  the  instructions  to  enumerators  as  "a 
l)lace  in  which  one  or  more  persons  regularly  sleep." 
It  is  not  necessarilv  a  house  in  the  usual  sense  of  the 
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word — a  boat,  a  tent,  a  freight  car  or  a  room  in  a 
warehouse,  though  occupied  by  only  one  person,  was 
returned  as  a  dwelling;  while,  on  the  other  hand,  an 
entire  apartment  house,  though  containing  many  fam- 
ilies, constituted  only  one  dwelling. 
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FlC.    3 — REPRESENTATION    OF    DISTRIBUTION    OF    POPULATION 

Traffic  section  No.  26,  scale — 3  inches  =  i  mile:  black 
dot  =  TOO  population,  1910  census ;  black  dot  surrounded  by 
circle  =  100  increase  in  population — 1910  to  1912 ;  black  dot 
and  line  ;=  100  decrease  in  population — 1910  to  1912. 

A  Composite  Estimate,  or  average  of  the  popula- 
tion, obtained  by  the  above  methods,  was  applied  in 
correcting  the  1910  population  up  to  1912  as  fol- 
lows : — 

I — 1912  according  to  rate  of  increase,  1900  to  1910. .  33  337 

2 — 1912  according  to  population  of  school  age 33851 

3 — IQ12  according  to  assessed    voters 33  787 

4 — 1912  according  to  dwellings   newly    occupied 34  78^ 

As  in  this  case  the  first  three  estimates  agreed 
closely,  the  fourth  was  neglected  and  the  average  of 
the  others  33  600,  was  estimated  to  be  the  population. 

Spot  Map — Over  the  foregoing  street  map  (orig- 
inal scale  I  000  ft.  to  the  inch )  was  placed  a  tracing 
through  which  the  information  contained  thereon  could 
be  plainly  seen.  A  city  atlas  corrected  to  date  was  used 
to  determine  the  location  of  all  residences  in  each 
enumeration  district,  and  one  spot  was  charted  on  the 
tracing  representing  each  100  population  on  the  point 
which  was  the  center  of  gravity  of  each  group  of 
nineteen  dwellings.  A  solid  black  spot  was  used  to 
indicate  the  location  in  1910,  and  a  small  spot  enclosed 
in  a  circle  was  used  to  indicate  the  location  of  the 
population  increase  between  1910  and  1912.  A  solid 
crossed  spot  was  used  to  indicate  the  location  of  the 
population  decrease  between  1910  and  1912.  This 
spot  map  is  illustrated  by  the  square  mile  section 
shown  in  Fig.  3. 

Passenger  Ratkvax  Map — Over  the  foregoing 
street  map  was  placed  another  tracing  and  upon  it  aP 
existing  street  railway,  rapid  transit  and  steam  rail- 
road lines  engaged  in  the  carrv'ing  of  passengers  were 
charted.  An  example  of  this  is  shown  in  Fig.  4  for 
the  same  square  mile  section. 


Combination  Base  Map — By  superimposing  the 
spot  map  tracing  upon  the  railway  map  tracing  and 
by  printing  them  in  combination,  a  combination  base 
map  was  derived  showing  the  location  of  the  1912 
population  with  relation  to  existing  street  railway, 
rapid  transit  and  steam  railroad  lines  engaged  in  car- 
rying passengers. 

TR.\FFIC    SURVEY 

The  solution  of  the  transit  problem  is  largely  de- 
pendent upon  accurate  knowledge  of  the  present  and 
prospective  flow  of  traffic  into  and  between  all  sections 
of  the  city  and  the  deficiency  in  the  existing  facilitie<;. 
The  deficiency  may  be  due  to  inadequate  capacity,  in- 
adequate speed,  or  both,  or  to  excessive  cost. 

The  present  flow  of  traffic  between  all  sections  of 
the  city  was  determined  by  a  traffic  survey  made  by 
the  following  novel  and  practical  method. 

Preparation  for  Survey — A  program  was  pre- 
pared from  schedules  in  eflfect  on  the  Philadelphia 
Rapid  Transit  Company  Lines.  This  program  p  o- 
vided  for  counting  the  passengers  on  about  one  car 
in  every  five  (eighteen  hour)  cars  operated  and  aver- 
aged about  four  lines  per  day.  Two  men  were  placed 
on  each  car,  the  first  man  presenting  an  identification 
slip  to  each  passenger  and  the  second  collecting  the 
slip  and  inquiring  the  passenger's  destination.  The 
survey  extended  over  a  period  of  five  weeks,  from 
October  14,  1912,  to  No\ember  18,  1912,  which  period 
was  selected  as  representing  most  nearly  normal  traffic 
conditions  in  Philadelphia.     No  count  was  made  on 


FIG.    4 — ILLUSTRATION    OF    MAP    OF    PRESENT    FACILITIES 

Traffic  section  No.  26;  scale — 3  inches  =  i  mile. 

holidays,  Saturdays  or  Sundays.  At  the  conclusion  of 
the  program  the  count  was  repeated  on  several  lines  in 
order  to  make  sure  that  the  method  produced  consis- 
tent and  representative  results.  These  recounts  were 
found  to  agree  satisfactorily  with  the  originals.  The 
results  obtained   from  the  count  were  very  satisfac- 
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FIG.    5— ESTIMATED   RAPID   TRANSIT   TRAFFIC   AND  EARNINGS 

Showing   location    of    traffic    sections. 
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lory.  These  results  in  part  were  clue  to  the  following 
procedure : — Selection  of  the  men  engaged  on  the 
count  from  the  ranks  of  the  Philadelphia  Ka])id  'I'ran- 
«it  Company's  experienced  conductors  who  worked 
nmder  the  direction  and  supervision  of  the  Transit 
Commissioner's  organization;  the  use  of  the  most  ex- 
43erienced  conductors  through  the  entire  count  as  col- 
lectors of  the  traffic  slips  and  of  conductors  employed 
on,  and  therefore,  familiar  with,  the  route  of  line  be- 
ing counted,  as  distributors;  careful  and  minute  ver- 
bal instructions  were  given  these  men  regarding  their 
duties  and  they  were  provided  with  distinctive  cap 
and  breast  badges  worn  over  ribbons  displaying  the 
city  colors ;  wide  publicity  by  advertising  and  explain- 
ing in  the  newspapers  the  purpose  and  method  of  the 
count  was  given. 

Advertising — The  traveling  public  was  appealed 
to  by  placing  display  notices  on  the  windows  of  all 
cars  operated  on  each  line  during  the  entire  day  pre- 
vious to  the  day  of  the  scheduled  count  on  that  line. 
On  the  day  of  the  count  similar  notices  were  shown 
on  the  windows  of  those  cars  only  on  which  the  count 
was  actually  being  taken. 
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FIC.    6 — TRAFFIC   COUNT    SLIP    USED   FOR   r.\SSENCER   COUNT   RECORD 

Traffic  Sections — A  tracing  was  then  prepared, 
Fig.  5,  showing  traffic  sections  of  an  area  one  mile 
square  as  far  as  practicable,  and  centered  with  respect 
to  Market  Street,  North  and  South  Broad  Street, 
Woodland  Avenue,  Kensington  Avenue  and  German- 
town  Avenue,  the  three  latter  being  diagonal  thorough- 
fares. These  squares  were  numbered,  beginning  at 
League  Island  and  numbering  to  the  North,  North- 
west, Northeast,  then  West  Philadelphia.  By  super- 
imposing the  traffic  section  tracing  over  the  spot  map 
it  was  possible  to  determine  and  tabulate  the  popula- 
tion of  each  traffic  section  by  counting  the  spots  rep- 
resenting population  of  loo  each.  This  map  is  illus- 
trated by  Fig.  5. 

Stop  Numbers — The  street  corners  or  points  at 
which  cars  stoji  for  passengers  were  identifiod  by  num- 
bering the  stops  on  each  car  line,  beginning  at  the  stand 
or  starting  point  and  numbering  consecutively  for  the 
round  trip  each  street  corner  at  which  the  cars  stop 
to  receive  or  discharge  passengers.  The  stop  number 
for  each  line  applied  to  that  particular  line  only.  For 
each  car  line,  cards  were  printed  by  the  Philadelphia 
Rapid  Transit  Company,  one  side  of  the  card  showing 
the  street  intersections  and  corresponding  stop  num- 
bers for  the  "Out  Bound"  trip  from  the  stand,  or  first 


half  of  the  round  trip,  and  the  reverse  side  of  the  card 
showing  the  same  information  for  the  last  half  or 
return  trip,  or  the  "In  Bound"  trip.  Large  cards  giv- 
ing the  same  information  were  conveniently  placed 
at  each  end  of  the  street  cars  for  use  of  the  distributor 
and  collector  in  marking  the  passenger  count  slips. 
They  were  also  furnished  with  small  cards,  of  size 
convenient  for  carrying  in  the  hand,  which  showed 
the  same  information.  This  information  for  all  lines 
was  also  printed  in  a  paged  and  indexed  pocket  size 
book. 

Count  sups — The  distributor  was  provided  with 
printed  slips  or  tickets,  somewhat  larger  than  street 
car  transfers,  as  represented  in  Fig.  6.  These  slips 
were  in  pads,  loo  to  the  pad,  and  were  numbered  se- 
rially. They  were  in  four  colors,  one  color  being  used 
lor  trips  in  the  general  direction  of  each  point  of  the 
compass. 

Procedure  on  Cars — The  distributor  took  a  posi- 
tion near  the  entrance  end  of  the  car,  where  he  could 
plainly  see  the  class  of  fare  each  boarding  passenger 
paid  the  car  conductor.  As  each  person  boarded  the  car 
the  distributor  noted  the  stop  number,  as  show-n  by  the 
stop  card,  in  the  blank  space  on  the  count  slip  fol- 
lowing the  wording.  On  at  Street  Corner  No.  . 

As  the  fare  was  paid,  the  distributor  made  a  pencil 
mark  through  the  letters  following  Collected  from 
Passenger ;  through  C  if  a  coin  or  ticket  representing  a 
cash  fare,  through  E  if  an  exchange  ticket,  through  T 
if  a  transfer  ticket,  and  through  D  \i  a.  pass,  either 
complimentary  or  employe.  He  also  made  a  pencil 
mark  through  the  letters  following  Issued  to  Passen- 
ger; through  E  if  an  exchange  ticket  was  issued  to  the 
passenger,  indicating  that  an  eight  cent  fare  had  been 
paid,  and  through  T  if  a  transfer  ticket.  This  slip 
was  then  handed  to  the  passenger  with  a  request  that 
he  hold  it  until  collected.  In  collecting  the  slips,  the 
collector  noticed  if  the  E  or  7"  on  the  line  reading  Is- 
sued la  Passenger  was  marked,  and,  if  so.  learned  the 
street  or  car  line  to  which  the  passenger  intended  to 
change  to  reach  final  destination.  This  street  or  car 
line  name  was  entered  in  the  blank  space  on  the  line 

reading  By  Exchange  or  Transfer  to  Line. 

In  either  case  (whether  the  £  or  T  on  the  line  with 
and  following  the  words  Issued  to  Passenger  was 
marked),  the  collector  ascertained  the  final  destina- 
tion street  or  avenue  name  and  noted  it  on  line  reading 

Destination St. — Are.     Different  colored 

slips  were  used  for  each  direction  and  at  the  end  of 
each  half  trip  the  collector  enclosed  all  slips  collected 
for  that  particular  half  trip  in  an  envelope  giving  the 
following  information : — Number  of  that  particular 
envelope  corresponding  to  the  number  of  half  trips 
counted:  name  of  collector:  date:  name  and  block 
number  (run  or  train)  of  line  being  counted:  direc- 
tion; time  of  beginning  of  half  trip;  number  of  slips 
enclosed ;  delays :  unusual  traffic  movements ;  other 
notes. 
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Procedure  in  Office — All  envelopes  containing 
slips  were  turned  into  the  office  of  the  Transit  Com- 
missioner after  midnight  and  before  office  hours  the 
following  day.  There  a  force  of  men  especially  se- 
lected from  among  the  experienced  conductors,  with 
the  aid  of  a  set  of  stop  lists  on  which  the  stops  were 
grouped  or  blocked  off  by  traffic  sections,  noted  and 
entered  the  traffic  section  number  in  the  blank  space 

on  the  count  slip  following  Section  No. .    Next, 

if  the  final  destination  street  or  avenue  was  on  the  car 
line  of  origin,  i.  e.,  if  the  passenger  was  able  to  reach 
his  street  of  residence  or  occupation  without  an  ex- 
change or  transfer  to  another  car  line,  reference  was 
made  to  the  same  stop  list  and  the  stop  number  shown 
for  that  street  or  avenue  entered  in  the  blocked  space 
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FIG.    7 — HOLLERITH    CARD    CODE 

following  Destination  street  or  avenue.  Underneath 
in  the  blocked  space  following  Destination  Section  A'o. 

,  was  entered  the  number  of  the  traffic  section 

in  which  that  street  was  enclosed.  When  count  s'ips 
indicated  that  an  exchange  or  transfer  had  been  issued 
to  the  passenger,  i.  e.,  the  name  of  the  car  line  written 

in  the  blank  space  By  exchange  or  transfer  to 

line,  the  route  number  of  that  particular  car  line  was 
entered  in  the  bottom  blocked  space  at  the  lower  right 
corner;  then  the  same  procedure  as  before  gave  the 
information  for  the  two  blocked  spaces  next  above 
except  that  it  was  necessary  to  refer  to  the  stop  card 
for  the  line  on  which  the  transfer  or  exchange  was 
used. 

Statistical  Machine  JP^ork — The  count  slips  were 
then  sent  to  the  "Statistical  Service  Company'*  in  the 
original  envelope.  All  envelopes  showing  a  time  be- 
tween 6.00  and  8,59  A.M.,  inclusive,  were  next  sepa- 
rated and  classed  as  the  morning  rush  hour  or  peak 
loads.  Those  showing  a  time  between  4:00  and  6:59 
P.  M.  inclusive  were  kept  in  a  separate  bundle  and 
classed  as  the  evening  rush  hour  or  peak  loads.  The 
remaining  envelopes  made  up  the  non-rush  hour 
travel.  This  separation  was  necessary  in  order  to  get 
the  true  ratios  under  the  conditions  at  different  hours 
of  the  day. 

The  work  of  the  "Statistical  Service  Company" 
using  24  columns  of  the  Hollerith  card  code  consi'^ted 
first  of  punching  a  card  from  the  information  con- 
tained on  each  count  slip  as  follows : — 

Example — A  count  slip  enclosed  in  an  envelope 


for  Chester  Avenue  Line — Route  No.  14  would  read 
as  follows : — 

Direction — East. 

Leaving  Time — 5:00  to  5:hQ   P.   M. 

On  at  Street  Corner  No.  2" 


Section  No.  j.jg 

Collected  from  Passeneer         C  £  T  19 


Destination — 4  0th  Street. 


33 


Destination  Section   No.  ^o 

The  card  would  be  punched  as  follows,  as  shown 

in  Fig.  7:— 

In  division  of  columns  headed; — 

Line  No 0  punched  in  1st  column 

1  punched  in  2Dd  column 
i  panelled  in  3rd  column 

Direction 3  punclied 

A.  M.  or  P.  SI 2   punched 

Time    0  punched  in  1st  column 

5   punched  in  2nd  column 

Street  Corner  Origin 0  punched  in  1st  column 

2  punched  in  2nd  column 

0  punched  in  3rd    column 
Section  Origin   1   punched  in   1st    column 

2  punched  in  2nd  column 
9  punched  in   3rd    column 

Class-Fare    4  punched 

Exchange  or  Transfer  Issued 0  punched 

Street   Comer   Destination 0  punched  in   1st    column 

3  punched  in  2nd  column 
3  punched  in  3rd   column 

Section  Destination    1  punched  in  1st    column 

1  punched  in  2nd  column 
3   punched  in   3rd    column 

With  electrical  sorting  and  recording  machines, 
the  cards  for  each  hne  divided  under  the  three  sub- 
headings were  sorted  and  recorded  for  each  traffic 
section  of  origin,  also  for  each  traffic  section  destina- 
tion as  shown  by  "Statement  Xo.  15,*"  which  repre- 
sents the  actual  number  of  passengers  paying  cash 
fares  (either  5  or  8  cents)  on  cars  counted,  and  this 
statement  is  a  copy  of  the  information  as  received 
from  the  "Statistical  Service  Company." 

Com(iilation  of  Records  of  Total  Traffic — From 
copies  of  all  schedules  in  operation  received  from  the 
Philadelphia  Rapid  Transit  Company,  statements* 
(See  Statements  Nos.  12  and  13)  were  prepared, 
showing  a  tabulation  of  passengers  according  to  the 
leaving  time  (arranged  consecutively)  of  each  half 
trip.  From  the  conductors'  way  bills  (day  cards  or 
trip  sheets)  loaned  by  the  Philadelphia  Rapid  Transit 
Company  the  5  cent  cash  fare — 5  cent  ticket  fare 
(representing  cash)  and  8  cent  cash  fare  columns  op- 
posite each  leaving  time  shown,  were  totaled  and 
entered  opposite  the  corresponding  leaving  time  on 
the  statements.  Entries  were  separated  in  two  col- 
umns— one  for  the  cars  counted,  the  others  for  cars 
not  counted.  Statement  X'o.  14  was  ne.xt  prepared  by 
totaling  the  passengers  for  both  directions  from  6.00 
to  8.59  .\.  M.  inclusive  and  posting  as  the  "Morn- 
ing Rush  Hour"  passengers,  from  4.00  to  6.59  P.  M. 

*These  "statements"  are  given  simply  as  of  reference 
value,  beintf  of  too  great  length  to  be  included  in  this 
article.  They  together  with  the  maps  referred  to  may  be 
examined  if  desired  as  stated  at  the  beginning  of  this 
article. 
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FIG.    8 — RAPID    TRANSIT    LINES    RECOMMENDED    FOR   IMMEDIATE    CONSTRUCTION 
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FIG.  9 — ESTIMATED   POPULATION — ELFCTRIC  RAILWAY   TRAFFIC   AND    EARNINGS 
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inclusive  as  the  "Afternoon  Rush  Hour,"  the  balance 
as  the  "Remainder  of  Day."  Statement  No.  16  rejirc- 
sents  the  figures  on  Statement  No.  15  multiplied  by 
the  ratio  of  passengers  counted  to  the  total  passengers 
carried  on  the  day  counted.  The  ratios  were  de- 
termined as  follows : — 


Morning   Rush   Hour. 

Total  passengers        (Stateimnt    II) Sfi.ss  _ 

Counted  passengers   (Statcnifiit   1.^))         ocs    ~ 

Afternoon  Rush  Hour, 

Total  passenfer.9        (StaleuRMit   14)  4s:-,4 

Counted  passengers   (StateiiK'iit   \'>)         yxi; 

Remainder  of  Day. 

Total  passengers        (Slatement  14)  7012    =   5.6S2 

Counted  passengers   (Statement  15)  — 1234 


5..')21  •=  6  to  n  A.M.  Ratio. 


=  .'•,.186  =  4  to  7  P.M.  Ratio. 


Kcniclr.  of  I);iv 
Batio. 


The  result  obtained  on  "Statement  No.  i6"  was 
summarized  by  adding  the  passengers  shown  for  each 
period  for  6  to  g  A.  M.,  4  to  7  P.  M.,  and  remainder 
of  day,  and  .'^bowing  these  totals  on  "Statement  No. 

I/."    ' 

"Statement  No.  18"  represents  the  figures  shown 
in  "Statement  No.  17"  multiplied  by  the  ratio  of 
passengers  carried  on  the  day  counted  to  total  pass- 
engers carried  for  the  year  to  June  30,  1913. 

For  the  Cumberland  Street  Line  the  yearly  ratio 
w^as  determined  as  follows : — 

Total  yearly  passengers   carried 4  749  139 

Total  passengers   carried  day  of  count      15  554 


=  305  yearly 


ratio 

The  passengers  shown  to  sections  reached  direct- 
ly are  passengers  destined  to  sections  through  which 
the  line  runs.  The  passengers  shown  to  sections 
reached  by  surface  transfer  are  passengers  changing 
to  a  second  car  either  with  an  eight  cent  exchange 
ticket  or  a  free  transfer.  The  result  for  each  line  as 
shown  by  "Statements  Nos.  17  and  18"  was  posted  on 
a  traffic  section  map  (one  map  for  each  of  the  113 
section.s )  similar  to  Map  No.  31  of  \'olume  II,  Transit 
Commissioner's  1913  Report,  which  represents  traffic 
section  No.  26.  The  figures  posted  on  this  map  are 
the  total  cash  passengers  boarding  cars  of  the  twenty- 
three  lines  that  operate  through  Section  No.  26  and  fin- 
ishing their  journey  in  the  sections  where  posted,  ^^'ith 
these  maps  it  is  possible  to  determine  the  volume  and 
direction  of  all  present  street  car  traffic  movements  to, 
from  and  between  dixisions,  wards  or  localities  of  the 
city  as  small  as  a  mile  square,  and  while  not  posted  on 
maps,  the  information  is  available  by  street  corners  and 
intersections.  This  information  in  conjunction  with 
route  schedules  develops  the  time  required  and  volume 
of  traffic  affected  between  all  sections. 

Suiniiiaries  of  Traffic  by  Districts — The  traffic 
section  maps  were  then  grouped  by  districts  as  shown 
on  Maps  37  to  41  inclusive.  As  an  illustration,  Map 
37,  representing  the  business  or  central  delivery  dis- 
trict is  the  total  cash  passenger  movement  (357  359) 
for  the  day  of  the  traffic  count  originating  in  Sections 
14  and  15,  and  distributed  to  the  various  districts  as 
indicated  by  proportional  colored  ribbons.  The  sec- 
tions are  outlined  in  black,  and  the  colored  ribbon 
labeled  "South  Philadelphia  between  Eighth  and 
Twentieth  Steets"  represents  30213  daily  cash  pas- 
sengers from  Sections  14  and  15  combined  to  Sections 


2,  5,  8  and  12  combined.  Also  that  reading  "North 
Philadelphia  east  of  Eighth  Street,"  represents  24968 
daily  cash  passengers  from  Sections  14  and  15  com- 
iiined  to  Sections  19,  20  and  27  combined.  Of  the 
passengers  originating  in  the  "Central  Delivery  Dis- 
trict," 08  029  are  destined  to  points  within  that  district. 

Suburban,  Electric  and  Steam  Railroad  Traffic — 
Traffic  on  suburban  electric  railway  lines  in  the  out- 
skirts of  the  city  was  similarly  analyzed  and  charted. 
Similar  statistics  with  relation  to  traffic  on  steam  rail- 
roads and  ferry  lines  entering  the  city  was  furnished 
to  the  department  by  the  operating  companies. 

Conclusions  from  Survey — With  the  information 
thus  derived  as  to  the  volume  of  traffic  flowing  between 
all  sections,  and  with  the  capacity  of  existing  facilities 
to  move  the  same  ascertained,  all  present  deficiencies 
in  capacity  were  readily  determined.  It  was  also  as- 
certained from  the  result  of  the  traffic  survey,  coupled 
with  schedules  of  routes  available,  what  volume  of 
traffic  was  inconvenienced  by  excessive  time  of  travel 
and  required  relief.  This  information,  taken  in  con- 
junction with  the  probable  increase  of  population  of 
the  city,  the  location  thereof,  and  traffic  to  be  derixed 
therefrom,  designated  the  general  channels  which  now 
require  and  will  require  the  relief  afforded  by  a  high 
speed  system. 

Routes  Selected — These  main  or  general  channels 
as  shown  by  Fig.  8  are  as  follows : — 

I — A  north  and  south  line  for  almost  the  extent 
of  the  city  limits  and  located  principally  in  Broad 
Street,  which  is  the  only  wide  thoroughfare  running 
north  and  south,  and  which  is  located  in  approximately 
the  center  of  the  main  body  of  the  city,  lying  betw^een 
the  Delaware  and  Schuylkill  Rivers.  ( .A-s  the  princi- 
pal down-town  business  district,  or,  as  hereinafter  des- 
ignated the  "Central  Delivery  District,"  lies  at  right 
angles  and  principally  to  the  east  of  Broad  Street,  it 
was  found  necessary  to  make  a  detour  in  the  Broad 
Street  Line.  This  loop  or  detour  is  about  0.6  of  a  mile 
east  and  west  by  about  0.3  of  a  mile  north  and  south, 
and  is  so  designed  that  the  trains  may  be  operated 
through  from  north  to  south  either  directly  in  Broad 
Street  or  by  way  of  the  detour,  and  so  that  trains  from 
either  the  north  or  south  can  be  operated  all  the  way 
around  and  returned  directly.) 

2 — A  line  known  as  the  Frankford  Line,  consti- 
tuting an  extension  of  the  present  Market  Street  Line 
into  the  populous  northeastern  district  of  the  city. 

3 — The  line  branching  from  the  present  Market 
Street  Line  west  of  the  Schuylkill  River  and  extending 
southwestw-ardly  to  serve  the  large  undeveloped  areas 
and  to  tie  in  the  important  districts  along  and  near  the 
Delaware  River  below  the  city,  and  a  line  extending 
from  the  Central  Delivery  District  northwestwardly 
for  the  later  construction  of  which  provision  is  being 
made.  (The  calculations  herein  explained  do  not  take 
account  of  this  last  line.) 
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Map  Summary  of  Traffic  Survey  by  Traffic  Sec- 
tions— The  traffic  figures  obtained  from  the  traffic  sur- 
vey after  classification  and  com[)ilation  were  displayed 
in  summarized   form  by  traffic  sections  on  Map  No. 


FIG.    10 — ILLUSTKATION   OF   TIME    SAVING   CONTOURS   AND    PROPOSED 
FACILITIES 

Traffic   section   No.  26.   scale — 3   inches  =  i    mile. 

29  of  the  Transit  Commissioner'  Report,  of  which  Fig. 
9  is  a  reduced  copy. 

Using  traffic  section  No.  26  as  an  example,  the 
information  on  this  map  is  explained  as  follows: — 

A —  46  200 — Pcpulation  at  beginning  of  1913  fiscal  year. 

B —  446 — Residential  area  in  acres. 

C —  104 — Population  density  per  acre. 

D —  37  270 — Passengers  originating  on  composite  dav  of  count. 

E — $649  895 — Equivalent  revenue,  year  to  June  30,  1913. 

F —  2S1 — Rides  per  capita,  year  to  June  30.  1913. 

G —  $14.07 — Revenue  per  capita,  year  to  June  30,  1913. 

A — Population  obtained   as  hereinbefore  described. 

B — Details  of  thei  calculation  of  net  residential  area  as  follows: — 

Gross  area  of  Traffic  Section 640  acres 

Area  unavailable  for  d\vellir>g  purposes: — 

Cemeteries    215  000   sq.   ft. 

Parks    20l]  000    "      " 

Railroad  property   3  770  000    "      " 

Institutions     B5  000     "      " 

Churches     155  000    "      " 

Factories    3  617  000    "     " 

Government  property    123  000    "      " 

Miscellaneous    SOS  000    *'     ** 


8  453  000     ■• 


Divided  by  sq.   ft.  per  acre — 43  560  =  194   acres. 

Then  640 — 194  =  446.  residential  area  in  acres. 

C — Population  of  Traffic  Section  No.  26  for  1913  =  46  200  (ob- 
tained by  counting  spots  on  Population  map). 

Then   46  20O   .^   446   =104    ='  Density  of  Population  per  acre. 

D — This  value  was  obtained  by  summarizins:  the  daily  grand  totals 
(from  Section  No.  26)  for  the  23  lines  operating  through  .Section  No. 
26,  as  illustrated  on  statement  No.  17  for  the  Cumberland  Street  Line, 
Route  No.   19.  grand  total   1  411. 

E — Obtained  by  multiplying  12  997  901  (the  total  vcarlv  surface 
passengers  crisinating  in  Section  No.  26,  as  shown  iiv  this  article  under 
heading  "Summary  of  all  Traffic  Tributary")   hv  5  cents. 

F — Obtained  by  dividing  12  997  90i  (the  total  yearly  surface  pas- 
sengers) by  the  1st  item,  (46  200,  the  population  at'beginning  of  1913 
fiscal  year). 

G — Obtained  by  dividing  the  5th  item  ($649  895,  Equivalent  rev- 
enue year  to  June  30,  1913)  by  the  1st  item,  (46  200,  the  population  at 
beginning  of   1913   fiscal  year). 

TIME  OF  TR.\XSIT 

Time  Zones — As  shown  from  the  traffic  survey, 
the  great  volume  of  traffic  flowing  into  the  central  de- 
livery district  in  the  city,  bounded  by  .\rch  Street  on 
the  north,  \^'alnut  Street  on  the  south,  the  Delaware 
River  on  the  east  and  the  Schuylkill  River  on  the  west, 
constitutes  the  most  important  movement  and  has  the 
greatest  need  of  relief;  therefore  a  time  zone  map 
was  prepared  to  illustrate  the  time  recjuired  in  travel- 


ing between  that  district  and  every  other  district  in 
the  city. 

Time  Saving  Maps — The  time  saving  map,  one 
square  mi'e  of  which  is  shown  by  Fig.  lo,  shows  graph- 
ically by  contours  the  time  saving  that  will  be  effected 
b}'  the  proposed  rapid  transit  lines  as  compared  with 
the  present  facilities.  The  time  saving  contours  are 
arrived  at  as  follows : — 

1 — Preparation  of  a  time  zone  map  of  present  facilities. 
2 — Preparation  of  a  time  zone  m:ip  of  proposed  system. 
3 — Define  time   saving  contours  by   superimposing  the  proposed  sj's- 
tem  map  over  the  present  system  map. 

The  average  time  saving  of  each  traffic  section  is 
calculated  from  this  time  saving  contour  map. 

I — Time  Zones — Present  System — The  time  zone 
map  of  the  present  system,  (square  mile  section 
illustrated  by  Fig.  ii)  shows  graphically  the  time  of 
transit  by  the  shortest  route  from  any  point  on  Mar- 
ket Street  between  Eighth  and  City  Hall  or  on  Broad 
Street  between  Arch  and  Walnut  Streets.  For  ex- 
ample, the  time  by  a  route  running  north  on  Eighth 
Street  was  measured  from  Eighth  and  ^Market 
Streets,  while  the  time  by  a  route  running  west  on 
Wklnut  Street  was  measured  from  Broad  and  Wal- 
nut Streets. 

In  measuring  the  time  of  transit  along  all  routes 
not  reaching  this  central  traffic  zone  directly,  the  use 
of  an  intervening  route  was  necessary  and  allowance 
was  made  for  transferring  between  cars.  Also  to  ob- 
tain the  running  time  accurately,  schedules  of  the 
present  surface  routes  were  obtained  from  the  Phila- 
delphia Rapid  Transit  Company.  These  gave  the  time 
between  points  on  the  various  lines.  The  scheduled 
running  time  of  suburban  lines  was  also  obtained. 
These  time  points  were  laid  out  on  the  track  map 
(Scale — 3   inches  =  i    mile)    and   the   route  between 


FIG.    U — ILLUSTRATION    OF   TIME   ZONE   M.\P — PRESENT    F.\CILITIES 

Traffic  section   No.  26,   scale — 3   inches  =;  I   mile.     Time 
contours  from  Market  street  by  present  facilities. 

the  time  points  divided  at  intervals  of  one  minute.  .\ 
paper  scale  was  then  made  for  each  line  by  means  of 
which  the  running  time  in  minutes  could  be  measured 
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along  any  section  of  the  route.  This  shortest  time 
from  the  central  zone,  at  intervals  of  one  minute,  was 
then  laid  out  on  the  track  map  making  time  allowance 
for  changing  cars. 


FIG.     12 — ILLUSTRATION    OF    TIME    ZONE    M.\P — RECOMMENDED 
F.\CILITIES 

Traffic  section   X'o.  26,   scale — 3   inches  ^  I    mile.     Time 
contours  from  Market  street  by  recommended  facilities. 

The  ride  was  limited  to  one  fare  within  the  city 
limits  except  in  cases  where  suburban  lines  were  used. 
In  measuring  running  time  the  following  differen- 
tials were  allowed : — One  minute  for  transfer  from 
one  car  to  another  and  one  minute  for  walking  up  or 
down  strairs  at  subway-elevated  station  with  another 
minute  for  transfer  to  a  surface  transfer  line,  mak- 
ing three  minutes  differential  for  subway-elevated  line 
in  connection  with  surface  transfer  line.  An  average 
walking  rate  of  three  miles  per  hour  was  assumed 
and  contours  were  drawn  connecting  all  points 
reached  in  equal  times  either  by  direct  riding  or  by 
a  walk  in  connection  with  the  ride.  These  contours 
were  drawn  at  intervals  of  one  minute. 

These  maps  were  checked  by  the  large  number 
of  actual  observations  made  by  office  employes  dur- 
ing an  extended  period. 

2 — Time  Zones — Recommended  Rapid  Transit 
System — These  zones  (square  mile  section  illustrated 
by  Fig.  12,)  show  the  time  of  transit  to  points  reached 
directly  or  by  surface  transfer  from  the  proposed 
Broad  Street  Subway  and  Frankford  and  Darby 
Elevated  Lines.  The  running  time  for  the  proposed 
rapid  transit  lines  was  measured  from  the  following 
points : — 

Broad  Street  Lines Market  Street 

Frankford   Line Sth  and  Market  Streets 

Darby  Line 13th  and  Market  Streets 

The  locations  of  the'  stations  and  surface  transfer 
lines  were  selected  and  the  distance  between  stations 
determined.  The  running  time  between  stations  was 
estimated  on  the  basis  of  a  crest  speed  of  26  miles 
per  hour:  rate  of  acceleration  of  1.25  m.p.h. ;  rate  of 
retardation   of    1.75   m.p.h.;  and  station   stops  of   20 


seconds  each.  Express  service  between  the  more  im- 
portant stations  was  also  provided  for. 

A  differential  of  one  minute  was  allowed  for  as- 
cending and  descending  subway  or  elevated  stairways 
with  an  additional  minute  for  transfer  to  surface 
feeder  line  cars.  A  walking  rate  of  three  miles  per 
hour  was  used.  The  present  running  times  of  the 
lines  selected  as  surface  feeders  were  used  and  where 
the  construction  of  additional  surface  feeders  was 
projected  in  thinly  populated  sections,  a  rate  of  10 
m.p.h.  was  used.  Contours  were  then  drawn  at  one 
minute  intervals  through  points  reached  in  equal  time 
either  by  walking  from  stations  or  by  the  use  of  the 
selected  surface  lines. 

J — Titne  Saving  Contours — The  time  saving 
map  is  derived  by  comparing  the  present  system  time 
contours  and  the  proposed  rapid  transit  system  time 
contours  and  shows  graphically  by  contour  lines  at 
one  minute  intervals,  the  time  saving  that  will  be  ef- 
fected at  every  point  by  the  proposed  lines. 

As  illustrated  by  Fig.  13,  the  estimated  time  con- 
tours of  the  proposed  rapid  transit  system,  with 
selected  transfer  feeder  lines  drawn  on  transparent 
cloth,  were  superimposed  on  the  map  of  the  present 
system  time  contours,  so  that  the  value  of  the  time 
con-tours  or  zone  boundaries  of  each  could  be  seen. 
By  connecting  the  intersections  made  by  the  time  con- 
tours on  the  present  system  map  with  those  on  the 
proposed  system  map,  which  differ  by  the  same  in- 
tervals, time  saving  contours  were  obtained.  The 
points  of  zero  time  saving  or  equal  time  of  transit 
were  obtained  in  the  same  manner. 


FIG.     13 — ILLVSTR.\TION     OF     METHOD    OF    PLOTTING    TIME     SAVING 
CONTOURS 

Traffic  section  Xo.  26.  scale — 3  inches  ^  i  mile.  Dash 
and  cross  lines — present  system  time  contours.  Broken  lines 
— proposed  system  time  contours.  Solid  curved  lines — time 
saving  contours. 

Example: — On  the  time  saving  map  (Fig.  13), 
which  refers  to  the  base  in  the  "Central  Delivery  Dis- 
trict" it  will  be  noticed  that  the  zero  time  saving  con- 
tour, or  line  of  equal  time  of  transit  by  present  or 
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proposed  systems,  is  drawn  through  the  intersections 
of  time  contours  of  equal  value — the  intersection  of 
the  20  minute  time  contour  via  proposed  system  with 
the  20  minute  time  contour  via  present  system,  etc. 
In  the  same  manner,  at  the  intersection  of  the  20 
minute  pro]>osed  contour  with  the  30  minute  via 
present   system,  the  ten  minute  time   saving  contour 

TAliLK    I— AVERAGE   TIME    SAVING    SECTION    20. 
Time  Saving  in  Minutes. 
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appears,  and  procedes  through  the  intersection  of  19 
proposed  witli  29  present  and  so  on.  The  intermedi- 
ate time  saving  contours  are  arrived  at  in  the  same 
manner. 

Similar  time  zone  and  lime-saving  maps  were 
made  using  the  following  locations  as  bases  or  start- 
ing points: — 

South  Pbiladelpliia Broad  Street  and  Oregon  .\ venue 

narby 9th  and  Main  Streets 

Gennantown Gerraantown    and    Chelten    Avenues 

West   Philadelphia 52nd   and   Market   Streets 

North  Philadelphia Broad  and  Cambria  Streets 

Frankford Frankford    .Avenue    and    Arrott    Street 

The  neutral  or  influence  line  between  the  Frank- 
ford  and  North  Broad  Street  lines  is  obtained  by  con- 
necting the  intersections  of  the  rapid  transit  time-sav- 
ing contours  originating  from  the  Frankford  Line 
with  those  of  equal  time-saving  by  the  North  Broad 
Street  line.  This  influence  line  shows  the  division 
of  territory  tributary  to  the  respective  lines  with 
reference  to  the  Central  Delivery  District. 

Average  Time  Sazntig — It  has  been  determined 
from  the  results  of  the  traftic  survey,  that  traftic 
originating  in  West  Philadelphia  divides  as  between 
surface  and  rapid  transit  in  regular  proportions  ac- 
cording to  time  saving.  Consequently,  in  estimating 
the  division  of  traffic  in  a  territory  served  by  the  pro- 
posed rapid  transit  lines,  a  time  saving  basis  was  used 
and  the  average  time  saving  in  each  traffic  section 
was  determined. 

These  traftic  sections,  as  before  described,  are  gen- 
erally one  mile  square,  so  located  as  to  form  zones 
along  the  present  and  proposed  subway  and  elevated 
lines,  approximately  one-half  mile  on  each  side  of  each 
line.  A  few  traffic  sections  are  irregular  in  shape.  In 
all,  where  traftic  was  material,  there  were  113  traffic 
sections  served  by  the  present  electric  railway  lines. 

The  average  time  saving  was  calculated  for  each 


traffic  section  served  by  the  jirojiosed  rapid  transit 
lines,  by  the  coordinate  system,  according  to  the  fol- 
lowing methods: — 

The  traffic  section  under  consideration  was  plotted 
on  the  time  saving  contour  map  and  sub-divided  into 
small  squares. 

The  value  of  each  point  of  intersection  of  the  co- 
ordinates was  read  from  the  nearest  time  saving  con- 
tour. Each  reading  was  multiplied  by  the  number  of 
squares  having  corners  at  the  point  read,  as  follows: — 
On  internal  points  multiply  reading  by  four  and  on 
border  points  multiply  reading  by  two. 

The  total  of  all  these  values  was  divided  by  the 
total  number  of  points,  each  taken  as  many  times  as 
the  reading  at  that  point  was  taken  and  the  result  thus 
obtained  was  the  average  time  saving  of  the  traffic 
section.  A  typical  set  of  readings  for  such  a  case  is 
shown  in  Table  I.  From  the  results  therein  given  it 
is  evident  that  the  total  equivalent  number  of  readings 
are  144  +  56  =  200  and  the  total  equivalent  number 
of  minutes  saved  are  i  210  -|-  406  =  i  616.  There- 
fore, in  this  case  the  average  time  saved  in  the  sect'on 
is  I  616  -H  200  =  8.08  minutes. 

ESTIMATED    TRAFFIC    OF   RECOMMENDED   RAPID    TRANSIT 
SYSTEM 

In  order  to  determine  the  number  of  passengers 
that  would  use  the  proposed  high-speed  subway  or  ele- 
\ated  lines  in  preference  to  the  present  surface  street 
car  lines,  a  careful  study  was  made  of  the  division  of 
traffic  between  these  two  classes  of  lines  in  West  Phila- 
delphia. 

Division  of  Traffic  in  IVest  Pliiladelpliia— The  di- 
vision of  traffic  between  the  surface  lines  and  the  Mar- 
ket Street  Subway-Elevated  line  was  determined  for 

TABLE    II— RELATION    BETWEEN    TRAFFIC    Dn'ERTED    ANT)    TIME 

SAVED   BY  HIGH  SPEED  LIXE  BETWEEN  WEST  PH11..U)EL- 

PHIA    AND    THE    DELIVERY    DISTRICT. 


Percentage  of  Pas-      Average  Time  Saving  by 
Traffic  Sections  sengers    using    Mar-     Market    St.    Sub-Elevated 

Served  Directlv         ket   St.    Sub-Elevated.      to  11th    "l  M.r>;ot 


No.     1 6 

19.5 

1...  nunui.s 

No.  113 

38.4 

2.5  minutes 

No.  114 

79. S 

7.5  minutes 

No.  115 

S>..5 

10.9  minutes 

No.  116 

*'<>• 

13.5  minutes 

Tr;iffic     Sections 

Served  by  Surface 

Tr;m^f'^r. 

.No.   1.,  1 

6.7 

1.5  minutes 

No.  12S 

15.6 

2.0  minutes 

No.  129 

17.7 

2.1  minutes 

No.  130 

19.1 

2.4  minutes 

No.  119 

35.1 

4.3  minutes 

No.  124 

46.8 

4.3  minutes 

No.  123 

59.4 

7.9  minutes 

No.  lis 

65.8 

9.1  minutes 

No.  117 

76.6 

12.0  minutes 

'Abnormal  due  to  69th  street  terminal. 

each  traffic  section  in  \\'est  Philadelphia  served  by  the 
Market  Street  subway-elevated  line.  This  was  ac- 
complished by  means  of  the  traffic  survey  of  all  lines 
taken  in  October  and  November,  1912.  .\  diagram 
showing  the  time  saved  in  West  Philadelphia  by  the 
Market  Street  subwav-elevated  line  over  the  surface 
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TABLE  III — ^DIVISION  OP  LOCAL  TRAFFIC  IN  WEST  PHILADELPHL\. 


and  subway-surface  lines  was  made;  and  the  average  In  making  use  of  these  curves  it  must  be  conlinu- 

time  saving  from  Eleventh  and  Market  .Streets  calcu-      ally  borne  in  mind  that  all  attendant  conditions  must 

lated  for  each  traffic  section.     (Map  No.  j8,  \'o1.  II —      be   substantially  equivalent   to   those   in   the  territory 

1913   Report.)      In  this  manner  fi.xed  relations  were      served  by  the  Market  Street  line.     The  frequency  of 

develo])ed  between  the  time  saving  in  minutes  and  the 

proportion  of  passengers  using  the  high-speed  line  in 

preference  to  the  surface  lines.     The  result  is  shown 

in  Table  II. 

Diagram  of  Division  of  Traffic — From  the  above 

data,  curves  /  and  //  of  Fig.   14  were  developed  for 

use  in  estimating  the  probable  traffic  diverted  from  the 

present  system  to  the  proposed  subway  and  elevated 

lines.     Curve  /  shows  the  proportion  of   passengers 

using  the  high-speed  line  from  sections  along  the  line 

to  the  "Central  Delivery  District."  service  on  the  high-speed  line,  and  the  space  and  de- 

Curve  //  shows  the  proportion  for  ti-aftic  sections      gree  of  comfort  provided  must  be  at  least  as  favor- 


Length   of  Journey 

Distance 

Center  to          Average 
Center        Time  Saving 
(Miles)      ,    (Minutes) 

Proportion 
Diverted  to 
Kapid  Transit 
Line  (Percent)   1 

S 
15 
43 
S3 

77 
87 
93 

Within   each   section 

One  section  to  the  next 

One  section  to  second    distant . 
One  section  to  third   distant.. 
One  section  to  fourth   di.^tant . 
One  section  to  fifth    distant... 
Oi.e  section  to  sixth  distant.. 

i            0.0 

1  '             1.5 

2  5.0 

3  8.5 

4  12.0 

5  15.5 
0                      19.0 

reached  by  surface  transfer  lines  in  connection  with 

the  high-speed   line.     For  traffic  movements   \-ia   the 
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able  to  the  high  speed  line  in  comparison  with  surface 
lines  serving  the  same  territory  as  was  the  case  in 

\\'est  Philadelphia  at  the 
time  of  the  survey.  It 
must  be  observed  that  sur- 
face transfer  lines  are  as 
close  together,  and  the 
average  walk  required  not 
more  than  in  ^^'est  Phila- 
delphia. 

Division  of  Local 
Traffic — Table  III  gives 
the  proportions  used  in 
estimating  the  local  traffic 
between  sections  through 
which  the  proposed  rapid 
transit  lines  pass.  It  is 
based  upon  actual  division 
of  traffic  m  West  Phila- 
delphia. The  time  saving 
given  allows  time  for  as- 
cending stairs.    Equivalent 


17       18       19       20 


O         I  2         3        4         5         6         7         6         9        10        II        IZ        13       14       15       16 

TIME  SAVING  IN  MINUTES -VIA  RAPID  TRANSIT  LINE 

POINTS    SHOW    ACTUAL    DIVISION    OF    TRAFFIC   IN    WEST    PHILADELPHIA.  NUMBERS   INDICATING  liropOrtioHS     of     rapid    trail- 

TRAFFIt   SECTIONS.     •  REPRESENTS    TRAFFIC   SECTIONS    THROUGH     WHICH    MARKET    STREET  .               ^, 

ELEVATEP    LINE   RUNS.    O   REPRESENTS    TRAFFIC   SECTIONS     REACHED  BY   SURFACE  TRANSFER  Sit    traffic      are      taken      frOUl 

LINEIS    FROM    MARKET    STREET    ELEIVATED    LINE.  . 

the    middle    curve,    except 

FIG.    14— REL.\TION   OF   P.\SSENGEKS    USING     RAPID     TRANSIT     LINES     TO     TIME     S.WING  •       ,1         1!     ,      .     .        ,  r; 

Curve   No.    i— For   traffic  between   delivery  district  and  sections  on  rapid  transit  line.     '"  nr>t  two  cases.     For 

Curve  No.  2 — For  traffic  between  sections   requiring  e.xtra  transfer  by  rapid  transit  line.     local      traffic     of      sections 
_      Curve  No.  3— For  traffic  between  sections   requiring  two  extra  transfers  by  rapid  tran-     reached  by    surface    trans- 
fer, the  time  saving  is  ap- 
proposed   rapid   transit  lines   involving  two   transfers      pro.ximately  the  same  as  for  the  adjoining  sections  on 
against  a  direct  ride  via  surface  or  three  transfers  via      the  rapid  transit  line;  therefore  the  same  ratios  have 
proposed    rapid   transit   lines    against   one   at   present      '^een  used  excepting  where  there  is  a  direct  surface 


via  surface,  curve  ///  was  estimated.  While  the 
division  of  local  traffic  in  West  Philadelphia  varies, 
the  averages  for  all  such  movements  are  found  to 
follow  the  middle  and  lower  curves.  For  short  dis- 
tances, howe\'er,  where  the  time  saving  is  small,  the 
proportions  of  rapid  transit  traffic  are  higher  than  in- 
dicated by  the  curves.  Thus  of  intra-section  traffic 
in  West  Philadelphia,  the  Market  Street  Subway- 
Elevated  Line  is  found  to  get  an  average  of  ten  per- 
cent, and  of  traflic  between  adjoining  sections  about 
18  percent. 


line  between  sections  under  consideration. 

Rules  for  use  of  Diagram — From  the  above 
data  based  upon  actual  conditions  in  West  Philadel- 
phia the  following  rules  were  drawn  up  for  using 
the  percentage  curves  of  rapid  transit  and  for  other- 
wise estimating  the  proportion  of  present  tratlfic 
which  would  be  diverted  to  the  proposed  rapid  transit 
system. 

RULES   FOR  ESTIM.\TING  RAPID  TRANSIT  TRAFFIC. 

I — Between  sections  directly  on  rapid  transit  line  and 
section  15-B  (Central  Delivery  District),  use  average 
time  saving  as  determined  for  section  and  read  per- 
centage from  curve  No.  i,  as  shown  in  Table  IV. 
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-METHOD  OF  rSIXC  CLRVKS  OF  FIG.   U   FIIOM  SECTION 
26  TO  SECTION    15U. 


Average  Time 

Saving 

(Minutes) 


Traffic  diverted  to 
Rapid  Transit 

Curve    No.   I    Per  Cent 


82 


Total 

Surface 

PassenKcrs 

Year  1913 


2  160  32U 


Est.  Rapid  Tran- 
sit Passengers 
(82  Percent) 


TABLE    V— METHOD    OF    CALCITLATING    TRAFFIC    BETWEEN    SEC- 
TIONS ON  THE  SAME  RAPID  TRANSIT  LINE. 


.\verage 

TotalSur- 

Est.  Rapid 

To 

Time 

Traffic  D 

verted  to 

facc  Pas- 

Section 

Saving 

Rapid 

I'ransit 

sengers 

Passengers 
31  700 

26 

fMinutes) 
1.3 

Year  1913 
631  773 

Curve  No. 

Per  Cent 

5 

30 

2.1 

0 

IS 

6G5  343 

99  SOD 

34 

5.0 

2 

43 

266  970 

114  800 

42 

8.5 

2 

63 

115  379 

72  700 

21 

2.1 

2 

15 

674  177 

101  100 

18 

6.0 

2 

43 

1  073  316 

461  500 

ilo-c 

6.5 

2 

63' 

217  343 

115  200 

1 

*.\s  Section  lo-C  is  a  fractional  section  Ijing  between  Sections  18  and 
15B,  53  percent  was  used,  viz.:     43 -t-  63 

2 


=  53. 


-Between  sections  directly  on  the  rapid  transit  line  and 
other  sections  on  the  same  rapid  transit  line,  use  per- 
centages given  in  Table  V  for  local  traffic.  As  an  ex- 
ample of  where  this  rule  would  hold  may  be  cited  the 
trip  from  Sectioon  25  to  other  Sections  on  N.  Broad 
street  line.    (See  Fig.  15). 


4— On  a  through  routed  rapid  transit  line,  if  there  be  no 
reverse  movement  add  time  saving  of  sections  under 
consideration ;  plus  two  minutes  that  has  been  allow- 
ed for  reaching  street;  plus  one  minute  if  there  is 
no  tlirccl  surface  line.  Count  number  of  transfers 
required  by  surface  and  by  rapid  transit,  allowing  one 
rninute  each  for  transfers.  Consider  originating  sec- 
tion on  rapid  transit  line  as  transfer  section.  Deduct 
present  transfer  if  any  and  use  curve  indicated  by 
difference. 

.\n  example  of  such  a  calculation  is  shown  below 
between  Section  26  (North  Broad)  and  Section  8 
(South  Broad).   This  is  also  shown  in  Fig.  17. 

Average  Time  Saving 
(Minutes) 

From   Sec.   15-B  to  Sec.   26 81 

From   Sec.    15-B   to   Sec.      8 3^6 

Add  allowance  for  reaching  street  in  Sec.  15-B 2!o 

Total   13.7 

Deduct  transferring  in  Sec.  15-B 2.0 

Net  average  Time  Saving 11.7 

,  „     ■  .       „       .  Transfers  Required 

Proposed  Rapid  Transit  (Considered  in  Section  15-B  and  26) 2 

Present  surface  (direct  line) 0 

Difiference     2 

11.7  mins.  read  on  Curve  ///  =  61  percent  of  present  traffic  diverted  to 
rapid  transit. 

A  second  example  of  this  type  is  given  below  for  the  trip 
between  Section  29  (North  Broad)  and  Section  9  (South 
Broad).     This  is  also  shown  in  Fig.  18: — 

Average  Time  Saving 
(Minutes) 

From  Sec.  15-B  to  Sec.  29 10.5 

From  Sec.  15-B  to  Sec.     9 3.I 


30 


I  15% 


SMI      » 


FIGS.    15,    16    -\ND    17 — £.\.\MPLES    OF    DIVISION    OF    LOCAL   TR.\FFIC 

Fig  15 — Traffic  section  No.  26,  to  other  sections  on  North  Broad  street  line.  Fig.  16 — Where  there  is  a  direct  sur- 
face line.  Percentage  used  to  next  section  nearer  originating  section.  Fig.  17 — Where  there  is  no  reverse  movement 
as  between  section  26  (North  Broad)  and  section  8  (South  Broad)  ;  as  between  section  29  (North  Broad)  and  section  9 
(South  Broad).  If  there  is  a  reverse  movement,  as  between  section  29  (North  Broad)  and  section  7  (South  Broad)  ;  as 
between  section  26  (North  Broad)  and  section  14-C   (Frankford). 


3 — -Between  local  sections  reached  by  surface  transfer 
from  rapid  transit  line,  use  same  percentage  as  to 
adjoining  .section  along  rapid  transit  line,  except 
where  there  is  a  direct  surface  line ;  in  which  case 
use  percentage  used  to  next  section  nearer  originat- 
ing section.     (See  Fig.   16  and  Table  VI.) 

TABLE  VI — METHOD   OF  CALCULATING   TRAFFIC   BETWEEN   LOCAL 
SECTIONS  REACHED  BY  TRANSFER  FROM  RAPID  TRANSIT  LINES. 


From  Section  No.  26 


I  To  Sec.  68  (no  direct  line) . 
:  To  Sec.  67  (direct  line)... 
I  To  Sec.  33   (direct  line)... 


Percent  Traffic  Diverted  to 
Rapid  Transit 


•".:!     (Same  as  42) 

15     (Same  as  30) 

15    (Same  as  30) 


Curve 


Nate — Sections  farther  removed  from  rapid  transit  line  treated  same 
as  adjoining  section  nearer  rapid  transit  line. 


Add  allowance  for  reaching  street  in  Sec.  15-B 2.0 


Remainder 13.6 

.\dd  for  transfer  account  no  direct  surface  route 1.0 

Net  average  time  sat-iog 14.6 

Transfers  Required 

Proposed  rapid  transit  (considered  in  Sections  SO,  15-B  and  8) 3 

Present  surface   (no  direct  line) 1 

Difference '2 

14.6  mins.  read  on  Curve  ///  =  70  percent  of  present  traffic  diverted  to 
rapid  transit. 

If  there  be  a  reverse  movement,  calculate  difference  in 
time,  at  present  and  by  proposed  system,  count  transfers  as 
above  and  use  curve  indicated  as  shown  below  for  the  trip 
between  Section  29  (North  Broad)  and  Section  7  (South 
Broad).     See  Figs.  18  and  19. 
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Explanation — Passengers  originate  in  section  29  on  the 
Erie  Avenue  surface  feeder  line  and  transfer  from  lliat  line 
to  the  North  Broad  street  line  at  Uroad  street  and  Erie  ave- 
nue; thence  via  the  Broad  Street  line  to  Section  8.  transfer- 
ring to  and  reaching  destination,  Section  7,  via  the  Snyder 
Avenue  surface  line.  The  "I'rescnt"  or  surface  route  from 
Section  29  to  Section  7  is  direct  or  continuous  via  Fifth  street. 
Therefore  it  was  only  necessary  to  determine  the  running 
time  from  the  centre  of  Section  29  to  the  center  of  Section 
7  which  from  the  schedule  in  effect  on  that  route  was  found 
to  be  45  minutes  or  a  saving  via  proposed  rapid  transit  of 
three  minutes. 

5 — To  transfer  rapid  transit  lines,  if  there  be  no  reverse 
movement,  add  time  saving  to  center  of  city  plus  one 
minute  if  there  is  no  direct  surface  line,  count  trans- 
fers as  above  and  use  curve  indicated.  If  there  he  a 
reverse  movement,  calculate  difference  in  time  by 
present  surface  and  by  proposed  rapid  transit  system 
as  shown  below,  count  transfers  as  above  and  use 
curve  indicated  as  shown  below  and  in  Fig.  19  for 
the  trip  between  Section  26  (N.  Broad)  and  Section 
14-C  (Frankford). 

Explanation — Passengers  originating  in  Section  26  on  the 
North  Broad  Street  line  transfer  (in  central  delivery  district 
— Section  15-B)  to  and  reach  destination  Section  14-C  via  the 
Frankford  line. 

Cases  were  found  which  required  separate  treatment  be- 
cause of   peculiar   features ;   some   of  which   were : — 

a — Irregular  position  of  section  with  regard  to  rapiil 
transit  line. 

b — Poor  delivery  by  surface  transfer  line. 

c — Diagonal  route  by  present  surface. 
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FIG.     18 — EX.XMl'I.E    BETWEEN     SECTION    29     (NORTH     BRO.\d)     .\ND 

7  (south  broad) 

FIG.     19 — E.X.\MPLE    BETWEEN     SECTION    26     (NORTH     BRO.\d)     AND 
SECTION    14-C    (frankford) 

d — Surface  transfer  feeders  serving  different  parts  of  a 
section  and  delivering  at  separate  points  on  rapid 
transit  line. 

e — Local  traffic  in  delivery  district  Section  IS-B. 

f — ^Section  tributary  to  more  th;n  one  rapid  transit  line. 
In  this  case  traffic  was  divided  between  the  lines  ac- 
cording to  destination  and  to  the  proportions  of  time 
saving  in  the  section  by  way  of  the  diifercnt  lines. 

CALCULATION    OF    RAPID    TRANSIT    TRAFFIC    BY    TRAFFIC 
SECTIONS 

A  Statement  was  prepared  (See  No.  19  for  Sec. 
26)  for  each  traftic  section  on  which  the  total  yearly 
passengers  to  each  other  traffic  section  was  listed.  Ap- 
plying the  appropriate  percentage  that  would  use  the 
rapid  transit  line  as  calculated  on  the  time  saving  basis 
gave  the  estimated  rapid  transit  passengers.  The  total 
passengers  originating  in  section  26  was  12  997  901, 
of  whom  9  296  241  were  destined  to  sections  having 
an  average  time  saving  by  the  proposed  rapid  transit 
lines  over  the  present  surface  system,  and  47  percent 
of  the  9296241  would  use  the  proposed  rapid  transit 
lines  on  account  of  time  saving  in  transit  based  on 
percentages  as  derived  from  the  present  Market  Street 


subway-elevated  line  from  West  Philadelphia.  The 
total  time  saving  in  minutes  is  obtained  by  multiply'ng 
the  estimated  rapid  transit  passengers  by  the  time  sav- 
ing in  each  case. 

Summary  of  Traffic  of  One  Section — Taking  traf- 
fic Section  26  of  the  North  Broad  Street  group  as  an 
example,  it  was  found  that  the  movements  of  traffic 
between  that  section  and  fifty-three  other  traffic  sec- 
tions would  be  influenced  by  the  proposed  rapid  transit 
lines.  The  total  traffic  one  way  represented  by  these 
movements  amounted  to  9  296  241  for  year  to  June 
30,  1913.  The  portion  of  this  traffic  which  would  be 
diverted  from  the  present  system  to  the  proposed 
rapid  transit  system  was  estimated  for  each  movement 
and  totaled  4  393  700  for  the  section.  Of  this  amount 
3  220  500  was  destined  to  other  North  Broad  sections, 
and  the  reverse  movement  to  Section  26  is  covered  in 
tlie  estimate  of  those  sections. 

The  rapid  transit  traffic  destined  to  sections  served 
by  other  rapid  transit  lines,  amounting  to  i  173200 
for  the  year  ending  June  30,  1913,  was  doubled,  there- 
by accounting  for  the  reverse  movement  on  the  North 
Broad  Street  Line.  The  calculation  of  total  rapid 
transit  traffic  is  shown  in  Table  VII. 


table  Vll— rapid   transit   traffic   of  section   26  NORTH 
BROAD. 

Rapid  transit  passengers  originating  in  Sec.  26 

Destined  to  North  Broad  sections 

Destined  to  sections  also  tributary  to  other  lines .  .  . 

4  393  700 
3  220  500. 
1  173  200           1 
1  173  200           i 

Add  destined  to  other  North  Broad  sections 

Add  tvaflic  to  Sec.  15-B  for  reverse  movement 

Total  traffic — Sec.  26 

2  346  400           1 

3  220  500 

5  566  900 
1  771  500* 

7  338  400 

•Estimate  of  traffic  from  Section  15-B  not  used  in  estimates  of  trib- 
utary traffic. 

Summary  of  Rafid  Transit  Traffic  by  Lines — A 
summary  (See  Page  175,  V0I.-1-1913  Report  for 
Statement  No.  19)  was  then  made  of  the  results  ob- 
tained from  all  sections.  This  is  a  grouping  by  case 
number  (explained  below)  and  letter  (as  explained 
in  Statements  No.  19  and  20.)  Statement  No.  20  is  a 
composite  summary  of  the  summaries  as  shown  under 
statement  No.  19  with  the  passenger  totals  listed  on 
horizontal  lines  by  proposed  rapid  transit  lines  and  in 
columns  as  using  present  surface  (origin)  or  (de- 
livery) lines — Market  Street  subway-elevated — pro- 
posed North  Broad  Street  line  (or  rapid  transit  line  of 
origin)  and  the  combined  other  rapid  transit  lines. 
The  case  numbers  designate  a  classification  of  pass- 
engers made  for  convenience,  and  are  defined  as  fol- 
lows : — 

Case    I — Passengers   originati'ig   on    a    rapid   transit    line 

and  destined  to  a  point  on  a  rapid  transit  line. 
Case  n* — Passengers  originating  on  a  rapid  transit  line 

and  destined  to  a  point  on  a  surface  feeder  line. 
Case    III* — Passengers   originating   on   a   surface    feeder 

line  and  destined  to  a  point  on  a  rapid  transit  line. 

Case  IV — Passengers  originating  on  a  surface  feeder  line 

transferring  to  a  rapid  transit  line  and  destined  to  a 

point  on  a  surface  feeder  line. 

Under   the   four   cases   all   passengers   using  the 

various  routes  and  also  the  passenger  mileage  shown 

*Case  II  rides  became  Case  HI  in  return  movement  and 
vice  versa. 
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on  Statement  Xo.  20  (with  the  exception  of  those  de- 
stined to  points  on  North  Broad  Street  line  under 
Cases  /  and  ///  and  those  destined  to  points  reached  by 
surface  transfer  from  North  Broad  Street  line  under 
Cases  //  and  II')  have  been  doubled  which  is  fairly  as- 
suniinjj  that  the  same  return  movement  takes  place. 
Statement  No.  20  represents  30  048  573  passengers 
originating  in  sections  through  which  the  proposed 
North  Broad  Street  line  operates  or  within  the  time 
saving  area  of  that  line;  7  313  585  of  these  passengers 
are  destined  to  sections  outside  the  time  saving  in- 
fluence of  the  North  Broad  Street  Line.  Therefore 
7  3 '3  585  passengers  are  doubled  and  added  to 
30048573  passengers  making  a  total  of  37362158 
passenger  movements  in  both  directions  on  the  pro- 
posed North  Broad  Street  line,  37  362  000  being 
posted  on  Statement  No.  25  as  the  191 3  tributary- 
rapid  transit  passengers — direct  or  by  transfer  from 
surface  railway  territory. 

.\s  an  example  (of  doubling),  to  explain  the 
method  of  arriving  at  passengers  on  Statement  No. 
20  entered  in  columns  other  than  North  Broad  Street 
column,  under  Case  I  for  South  Broad  Street,  i  404- 
900  passengers  originated  in  sections  through  which 
the  North  Broad  Street  line  operates  and  traveled  to 
sections  served — directly  or  intersected  by  the  South 
Broad  Street  line.  This  is  a  one  direction  movement 
and  assuming  that  they  returned,  the  number  was 
doubled  for  both  directions  and  2  809  800  passengers 
entered  in  North  Broad  column,  and  also  in  the  other 
rapid  transit  column,  as  they  traveled  over  both  North 
and  South  Broad  Street  lines  in  both  directions. 

Results  of  Estimates  by  Rapid  Transit  Lines — 
Similar  estimates  of  all  sections  were  compiled  and 
totaled  and  the  result  showed  that  the  traffic  diverted 
from  the  surface  system  by  the  North  Broad  Street 
line  would  be,  for  year  June  30,  1913,  37362000 
passengers  both  ways. 

The  passengers  diverted  from  the  surface  system 
by  the  other  proposed  rapid  transit  lines  are  estimated 
as  follows : — 

South    Broad   St.   line 1.)  l.")r.  000 

Frankfird  line    2«  SU6  400 

Darbv  line    II  41,1  800 

The  passengers  diverted  from  the  steam  railways, 
as  explained  later,  were  for  year  ending  June  30,  191 3, 
by  lines  as  follows  : — 

North   Hroad    6  124  900 

Fraii'Kfor.l    .54S  000 

Darby     lOS  OOO 

The  total  passengers  tributary  to  the  proposed 
rapid  transit  system,  direct  or  by  transfer,  as  estima- 
ted for  year  to  June  30,  191 3,  were  as  follows: — 

North   BroEj   Street  lire 4.3  4  SO  90il 

South  Broad  Street  line !.■>  I.i6  000 

Frar.ktord  line    21  354  400 

Darby   lir.e    11  .".23  SOO 

Passenger  Mileage — In  all  revenue  calculations  in 
the  report,  the  fare  of  passengers  using  transfers  either 
with  high-speed  or  surface  lines  is  divided  according 
to  the  mileage  traveled  on  each.  For  each  section, 
statements  were  prepared  listing  horizontally  the  sec- 
tions to  which  there  were  estimated  rapid  transit  pas- 


sengers, and  in  columns  headed  same  as  Statement 
No.  20  was  listed  the  distance  from  center  to  center 
of  section  of  origin  and  section  of  destination.  Th'S 
distance  multiplied  by  the  number  of  passengers  gives 
the  passenger  mileage.  For  example,  from  the  center 
of  Section  26  to  the  center  of  Section  12  is  four  miles. 
The  estimated  rapid  transit  passengers,  on  North 
Broad  Street  ( 140  200)  was  multiplied  by  the  distance, 
three  miles,  and  the  answer  to  the  nearest  thousand, 
421  000  passenger  miles,  was  entered  under  North 
Broad.  One  mile  ride  per  passenger  on  South  Broad, 
or  140000  passenger  miles,  was  also  entered  under 
other  rapid  transit.  Summarizing  the  passenger  mile- 
age, the  same  as  the  passengers,  the  entries  were  then 
made  on  Statement  No.  20  and  the  passenger  mileage 
percent  calculated  for  each  case  by  lines,  as  follows 
for  Case  I  South  Broad : — 

Total  other  passengei^mileage  5122003^^^     ^^^^„j_  ^^^^^^j 

total  passenger  mileage I2  45BC<X) 

under  other  rapid  transit  lines  and  the  balance  59  percent, 
entered  under  North  Broad  Street  line. 

Summary  of  All  Tributary  Traffic,  Statement  No. 
21 — A  summar)-  of  the  traffic  tributary  to  each  of 
the  recommended  rapid  transit  lines  was  compiled  by 
traffic  sections  to  show  the  relative  traffic  and  esti- 
inated  division  according  to  distance  from  the  center 
of  the  city.  For  the  North  Broad  Street  line,  the 
distance  to  the  center  of  the  section  from  Market 
.Street  is  the  average  distance  from  Eleventh  and 
Market  Streets  via  recommended  rapid  transit  line 
and  the  surface  transfer  feeder  lines.  The  population 
is  shown  on  Map  No.  29.  and  the  method  of  estimating 
(obtained  by  counting  spots  on  population  map)  has 
been  explained.  The  surface  passengers  originating 
( estimate  based  upon  traffic  survey)  are  the  total 
passengers  originating  in  each  traffic  section  and  for 
traffic  section  26  were  obtained  by  summarizing  the 
totals  of  all  the  third  column  (or  yearly)  passengers 
shown  in  each  traffic  section  on  map  31.  This  total 
for  map  31  represents  the  yearly  surface  passengers 
originating  in  traffic  section  26  with  destination  as 
shown  by  Table  \TII. 

As  a  check  the  same  total  was  secured  by  sum- 
marizing the  grand  totals  (From  section  26)  for  the 
22,  lines  operating  through  Section  26  as  illustrated  on 
statement  18  for  Cumberland  Street  line,  route  19 — 
Lirand  total  430824,  checking  summary  as  in  Table 
IX. 

The  estimated  rapid  transit  passengers  originat- 
ing was  obtained  from  Statement  No.  20  (composite 
summary)  representing  30048573  passengers  origin- 
ating in  all  sections  through  which  the  proposed 
North  Broad  Street  Line  operates  or  within  the  time 
saving  a,rea  of  that  line,  less  6632513  from  the 
central  delivery  district  (Sec.  15-B)  as  explained  by 
foot  note  B,  with  the  following  differences  making 
up  the  additional  300  040  as  shown  by  total  of  23  - 
716  100  on  statement  21  : — 

The  original  calculations  were  based  upon  a  continuous 
fulnvav    line    in    Broad    street    without    branches.     With    the 
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Northeast    Bduk-vard  elevated   lirancli,   Scctiun   35   would   be  ing  frcjiii   Fig.    14  of  this  article  at  the  intersection  of 

listed   with   "Traffic   Sections   Served    Directly,"   and,   on   ac-  ,         .       .      ,     ,.             ,    ,          ....                        ..           , 

count  of  this  direct  service  and  additional  time-saving,  the  the  26  nimulc  line  and  the  middle  or  curve  No.  2  (as 

estimated  rapid  transit  passengers  would  be  554  000  as  shown  Qj,g  transfer  is  involved)   would  indicate  that  95  per- 

on  statement  21,  instead  of  2^4900.    Also  in  maknig  up  state-  . 

ment  20,   the  estimated   rapid  transit   passengers   for   Section  cent    (all    time   savmgs   above   20   mmutes    read   at   95 

31  is  lyo  260,  while  on  statement  No.  21  this  was  shown  to  „t)  ^f  the  85  566  total  passengers  from  this  sta- 

the  nearest  hundred  as   lyojoo.     Ihercfore.  with  corrections,  1^"-'^^...../   ^     ^   v.     j  ^                   ^             ^ 


T.MiLK  VllI— .SUMMAHY  OF  TRAFFIC  BY  DESTINATION. 

Destination  by 

Vcarl.v  Surface  Pas- 

Dc.^ftination by 

Vearlv  Surface  Pas-       Destination  by 

Yearly  Surface  Pas- 

'I'ralfic  Section  No. 

sengers  Originating 

Trallic  Section  No. 

scngers  Originating 

1  ranic  Section  >0. 

Bengers  Originating 

- 

29  129 

34 

266  970               89 

7  200 

- 

.•iO  520 

35 

23  077 

90 

12  000 

8 

23S  953 

40 

11  687 

91 

21  345 

0 

80  042 

41 

34  023 

94 

151  108 

11 

28  158 

42 

115  379 

95 

256  723 

12 

274  888 

43 

126  385 

96 

31  371 

13 

S3  537 

45 

11  605 

97 

70  248 

14 

1  024  675 

52 

29  636 

98 

65  248 

1.5 

2  462  880 

S5 

48  417 

103 

71  724 

18 

55  793 

56 

15  300 

104 

178  206 

17 

105  773 

57 

09  044 

105 

S6  905 

IS 

1  073  310 

58 

43  294 

107 

44  378 

19 

339  519 

flO 

15  657 

113 

50  2S5 

20 

572  lis 

61 

7  900 

114 

15  389 

21 

674  177 

63 

49  414 

115 

16  660 

22 

148  887 

65 

15  7S4 

117 

3  532 

23 

13  331 

66 

33  SS4 

118 

74  203 

24 

1110  35  8 

07 

262  413 

119 

50  466 

25 

621  530 

68 

21  991 

120 

28  065 

26 

634  775 

70 

62  893 

123 

1  583 

27 

656  697 

71 

67  110 

124 

4  097 

29 

125  970 

72 

30  600 

127 

4  800 

SO 

665  343 

74 

94  048 

128 

3  400 

31 

4  201 

78 

55  661 

129 

24  980 

32 

26  632 

so 

2  000 

130 

7  333 

33 

145  757 

82 

17  526 

131 

2  000 

Total 

12  997  901 

Statement  20  would  represent  30  348  613  passengers  for 
North  Broad  Street  line,  including  6632  .SI3  from  Section  No. 
15-B  (Central  delivery  district),  which  as  shown  by  foot  note 
B  is  not  considered  in  treating  statement  21.    For  example: 

Total  of  the  four  cases  destined  to  North  Broad  street  line 
and  shown  in  column  "Using  North  Broad  Street  Line" 
(Statement    No.    20) 30  048  673 

Subtract  for  Section  No.   15-B    (Statement  No.   21) 6  632  513 

Remainder    23  416  06;) 

Add   for   Section   35    (Additional) 300  000 

Add   for   Section   31    (Additional; 40 

Total  as  shown  on  Statement  No.  21 23  716  100 

The  last  three  columns  of  statement  21  are  derived 
as  follows,  using  15-C  the  first  section  shown: — 

A— Population    17800 

B — Surface    passengers    originating 3474200 

C— Estimated   rapid   transit   passengers   originating.      683  800 
_  3474200^ _  j^j^  surface     passengers     originating     per 

=  ^-Q°°  =   38,  estimated      rapid      transit     passengers 

A  171.00  originating  per   capita. 

^  = =19-7  percent  (reduced  to  10.5  percent)  ratio 

is  3474200  |j£  estimajgf]  rapid  transit  to  present 

surface   passengers. 

SlCiVn  Railroad  Passengers — The  steam  railroad 
passengers  of  1913  as  shawii  on  Statement  25  were 
calculated  as  follows  : — 

On  the  Philadelphia  &  Reading  Railway  the  ex- 
cursion fare  between  Logan  and  Reading  Terminal  is 
12.5  cents,  and  the  time  19  minutes,  using  the  third 
fastest  train.  By  proposed  rapid  transit  the  fare 
would  be  live  cents  and  tlie  time  of  transit  23 
minutes.  Adjusting  the  steam  time  to  difference  in 
fares  saved  at  rate  of  one  cent  to  four  minutes, 
would  result  in  a  difference  in  fares  of  12.5  cents 
minus  five  cents,  or  7.5  cents,  and  this  multiplied  by 
four  e(|uals  30  minutes,  plus  19  minutes  actual  steam 
time  in  transit,  or  49  minutes.  Deducting  23  minutes, 
the  rapid  transit  time  of  transit  would  equal  a  sav- 
ing in  time  by  rapid  transit  of  26  minutes  and  read- 


tion,  or  81  288  passengers,  would  be  diverted  to  the 

proposed  rapid  transit  line. 

The  same  procedure  was  followed  with  r'^'pec* 
to  commutation  fares. 

Tertninal  and  Connecting  Line  Passengers — Th.e 
terminal  and  connecting  line  traffic  as  shown  on  state- 
ment 29,  for  the  South  Broad  Street  Line  was  de- 
termined by  traffic  count  either  on  the  cars  of  the  sub- 
urban lines,  the  same  as  for  the  Philadelphia  Rapi  \ 
Transit  lines,  or  by  a  count  of  all  passengers  at  point 
of  delivery  to  the  Philadelphia  Rapid  Transit  cars. 
On  the  Southwestern  Line  to  Essington  and  Bo\v 
Creek,  a  total  of  216000  yearly  passengers  originated 

TABLE  I-\ — Vf:AI!LY  PASSENGERS  ORIGINATING  IN  SECTION   26. 


On  Route  No. 
2 

Direct 

Transfer 

Total 

1  088  400 

150  600 

1  189  000 

6 

1  037  640 

281  645 

1  319  285 

8 

18  076 

18  076 

16 

8  5110 

2  300 

10  800 

19 

384  719 

46  105 

430  824 

20 

548  886 

118  772 

667  658 

21 

625  300 

265  100 

890  400 

353  300 

50  900 

404  200 

23 

206  200 

36  500 

302  700 

231 

247  400 

16  000 

263  400 

2  4 

66  307 

16  202 

52  509 

241 

494  200 

76  600 

570  800 

25 

398  338 

72  213 

470  551 

251 

275  783 

26  265 

302  048 

47 

349  384 

27  053 

376  437 

49 

395  000 

283  600 

678  600 

53 

512  200 

78  900 

591  100 

54 

934  238 

275  395 

1  209  633 

55 

82  847 

13  970 

96  S17 

551 

821  945 

57  805 

879  750 

60 

443  821 

464  632 

90S  453 

601 

148  866 

337  234 

486  100 

69 

558  948 

289  812 

848  760 

10  010  29S 

2  987  603 

12  997  901 

outside  the  Philadelphia  city  limits  (including  Fort 
Miffbn  and  Point  Breeze  Park)  and  were  so  delivered. 
Assuming  that  the  same  return  movement  takes  place, 
this  amount  was  doubled,  or  in  round  numbers  400000 
added  to  the  585  000  estimated  rapid  transit  passen- 
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FIG.   20— ILLUSTK ATIO.V   OF   ENLAKGEMtNT    IN"   TIME   SAVING    AREAS    kKSLXTING  FROM   PRINCIPAL  SURFACE  TRANSFER   FFFPFRS   WITHIN 
THF    AREA    OF    THE    THREE-MII.E    LIMIT    ORIGINALLY    EXCLUDED.       SCALE    IJ4  =  I    MILE. 
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Fir,.    25^ METROPOLITAN    AREA    OF    PHILADELPHIA.      SC.^LE    1^4    !>■■•  =  I    MILE 

XoTE — We  are  advised  that  a  limited  number  of  copies  of  Vols.  I  and  II,  Report  of  Transit  Commissioner.  City  ot 
Philadelphia.  July.  1013,  are  still  available  for  distribution  and  that  the  Dept.  of  City  Transit  will  honor  reque.sts  for 
such  copies  from  those  entitled  to  receive  them  who  are  seriously  and  technically  interested  in  the  problem.  VcA.  I  con- 
tains 266  pages  of  printed  matter  and  Vol.  II  is  made  up  of  69  large  folding  maps  and  diagrams,  many  of  them  in  colors. 
This  sheet  .gives  a  somewhat  inadequate  idea  of  the  elaborateness  of  the  plates  comprising  Vol.   III. —  (Ed.) 
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gcrs  originating  in  Section  2,  or  at  League  Island, 
making  a  total  of  985  000  terminal  and  connecting  line 
passengers  for  South  Broad  Street  line. 

Estimated  Rapid  Transit  Rides  per  Capita — Di- 
viding the  total  passengers,  43  486  900  diverted  from 
surface  and  steam  railways  by  the  population  (449  - 
700)  in  all  traffic  sections  wholly  or  partly  within  the 
area  of  time  saving  from  the  delivery  district  results 
in  the  estimated  rapid  transit  rides  per  capita  of  96.7. 

TIME  SAVING  AND  TRAFFIC  RESULTING  FROM  ADDITIONAL 
SURFACE  TRANSFER  LINES 

In  the  rapid  transit  system  on  which  the  above 
estimates  of  traffic  were  based,  the  surface  transfer 
jirivilegc  was  originally  limited  to  outlying  lines.  The 
jiurpose  of  this  was  to  avoid  congestion  of  the  expen- 
si\e  high  speed  lines  by  short  riders  to  and  from  the 
central  delivery  district,  who  are  already  well  served 
by  surt'ace  lines. 

It  will  be  noted  that  on  the  North  Broad  Street 
line  no  surface  transfers  were  originally  proposed 
south  of  Lehigh  Avenue,  a  distance  of  approximately 
three  miles  from  the  center.  On  the  Frankford  line 
there  was  none  south  of  Front  Street  and  Kensington 
Avenue,  which  is  also  practically  three  miles  from  the 
center,  except  that  transfers  were  originally  proposed 
with  the  easterly  ends  of  the  Xorris  Street  line  and 
the  Girard  Avenue  lines,  in  order  to  serve  properly 
the  outlying  territory  along  Richmond  Street.  On  the 
Darby  line  the  nearest  transfer  line  was  shown  at 
Forty-ninth  .Street  about  three  miles  from  the  City 
Hall.  On  the  South  Broad  Street  line,  however,  trans- 
fer was  provided  with  the  Snyder  Avenue  line  about 
two  miles  from  the  center.  This  was  due  to  the  short- 
ness of  the  South  Broad  Street  line  and  to  the  small 
present  de\elopment  south  of  Oregon  Avenue  (2.5 
miles  from  the  center),  on  which  street  a  new  cross 
town  line  is  suggested  after  the  present  steam  railroad 
tracks  are  removed.  The  time  saving  contours  for 
th-s  system  are  shown  for  each  five  minutes  on  map 
No.  26  (Trans.  Comm.  1913  Report)  and  the  resulting 
areas  of  time  saving  shown  in  full  colors,  the  value 
represented  by  each  being  as  follows : — 

Pink    o  to     5  minutes 

Green     5  to  10  minutes 

Orange    10  to  15  minutes 

Bhie    15  to  20  minutes 

Yellow    20  to  25  minutes 

Purple    25  to  30  minutes 

Brown    30  to  35  minutes 

The  limitation  of  transfer  privileges  described 
above  restricts  the  movement  of  the  population  within 
the  zone  around  the  central  delivery  district.  As  there 
would  be  little  or  no  time  saving  to  and  from  the  ' 
central  delivery  district,  the  surface  lines  will  con- 
tinue to  be  used  for  such  journeys,  but  for  move- 
ments to  all  other  parts  of  the  city,  the  people  of  this 
populous  zone  should  have  the  high  speed   facilities. 

Present  Agreement  on  Transfers — In  the  tenta- 
tive agreement  reached  between  representatives  of  the 
City  and  the  Philadelphia  Rapid  Transit  Companv.  it 


is  therefore  provided  that  free  transfers  shall  be 
given  between  surface  lines  and  high  speed  lines  at 
all  stations.  All  calculations  used  in  the  Transit  Com- 
missioner's Report  and  referred  to  herein  are  based 
on  the  original  premises  that  no  free  transfers  with 
surface  lines  would  be  made  in  the  district  bounded 
by  Lehigh  Avenue,  Front  Street,  Snyder  Avenue  and 
the  Schuylkill  River,  and  the  resulting  time  saving 
areas  from  central  delivery  district  are  shown  in  pink 
on  accompanying  Fig.  20. 

The  areas  shown  in  green  on  Fig.  20  show  the 
extension  of  the  above  time  saving  areas  from  the 
central  delivery  district  only,  which  would  result,  if 
additional  surface  transfer  lines  within  the  three  mile 
area  and  intersecting  the  high  speed  lines  at  stations 
were  included  in  the  rapid  transit  system  as  surface 
feeders.  These  additional  surface  transfer  lines  are 
also  shown  in  Fig.  20.  The  areas  remaining  un- 
colored  are  still  outside  of  the  influence  of  the  rapid 
transit  lines  in  respect  to  the  central  delivery  district. 

The  surface  transfer  lines,  the  addition  of  which 
produces  the  above  extension  of  time  saving  areas 
are : — ■ 

I — York  and  Dauphin  street  west  of  Front  street  trans- 
ferring with  Frankford  elevated. 

2 — Berks  street  west  of  Front  street  transferring  with 
Frankford  elevated. 

3 — Columbia  avenue  transferring  with  North  Broad  street 
line. 

4 — Girard  avenue  west  of  Front  street  transferring  with 
I'"rankford  elevated  and   North   Broad  street  line. 

5 — Green  and  Fairmount  transferring  with  Frankford  and 
North  Broad  street  lines. 

The  following  lines  were  added  as  transfer  lines 

in  connection  with  the  South  Broad   Street  line. 

1 — Catharine  and  Bainbridge. 
2 — Federal  and  Wharton. 
3 — Morris  and  Tasker. 

The  increase  in  traffic  tributary  to  the  proposed 
rapid  transit  lines,  and  which  is  obtained  by  these  ad- 
ditional surface  transfer  lines,  is  as  follows  for  the 
year  to  June  30,   1913: — 

North   F!road  street  line 4982200 

South  Broad  street  line 2883000 

Frankford   line    448  300 

Including  the  traffic  resulting  from  these  addi- 
tional surface  transfers,  the  number  of  passengers 
using  the  various  proposed  lines  for  the  year  to  June 
30,  191 3,  would  be: — 

North   Broad  street  line 48  469  lOO 

South    Broad   street   line 18039000 

Frankford  line   21  80J  700 

Darby   line    1 1  523  Soo 

DIAGRA.MS    ILLUSTRATING    RAPID    TRANSIT    TRAFFIC 

Traffic  Diagrams  illustrating  graphically  the  "In-" 
or  city-bound  estimated  rapid  transit  traffic  were  pre- 
pared for  each  of  the  proposed  lines.  Referring  to 
Map  No.  33  (Report  of  Transit  Commissioner),  South 
Broad  Street  line  (referred  to  for  convenience  on  ac- 
count of  few  sections)  a  red  band  begins  at  League 
Island  and  in  yearly  passengers  represents  584000  at 
the  3.5  mile  circle;  604000  at  the  2.5  mile  circle; 
5  255  000  at  the  1.5  mile  circle:  6900000  at  the  0.75 
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mile  circle  and  at  City  Hall  or  central  delivery  district 
7201  000.  The  branch  arms  or  extensions  at  Snyder 
Avenue  represent  transfer  passengers — the  small 
threads  from  the  Rapid  Transit  line  to  the  surface 
lines  toward  the  Delaware  River  4  000  and  tov>ar,l 
Point  Breeze  Avenue  9000.  The  thicker  branches 
represent  transfer  passengers  from  the  surface  lines 
to  Rapid  Transit  line  at  Snyder  Avenue ;  from  the  di- 
rection of  the  Delaware  River  541  000  and  from  the 
direction  of  Point  Breeze  Avenue  421  000.  In  all  cases 
the  direction  of  transfer  passengers  may  be  determined 
by  the  direction  of  the  curve  at  the  junction  with  the 
main  trunk. 

In  Section  8,  between  the  2.5  and  1.5  mile  circles, 
138000  passengers  are  discharged  as  represented  by 
the  small  offset  shown  between  Wolf  and  Jackson 
Streets  and  3  840  000  are  picked  up  as  represented 
by  the  additional  width  shown  between  Snyder  Ave- 
nue and  McKean  Street.  The  continuous  band  shown 
between  the  points  of  transfer  passengers  discharged 
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FIG.    21 — PROGRESS    CH.\RT 


and  those  picked  up,  or  between  Jackson  Street  and 
Snyder  Avenue  represents  453  000  through  passengers 
or  passengers  riding  through  (Section  8)  the  zone  be- 
tween the  2.5  and  1.5  mile  circles  and  originating  in 
Sections  2  and  5,  or  before  the  2.5  mile  circle  is 
reached.  In  Section  12  between  the  1.5  and  0.5  mile 
circles  266000  passengers  are  discharged  as  repre- 
sented by  the  offset  at  Ellsworth  Street  and  i  911  000 
are  picked  up  as  represented  by  the  additional  width 
at  the  mile  circle.  The  band  between  Ellsworth  Street 
and  the  mile  circle  represents  4989000  through  pas- 
sengers of  those  originating  in  Sections  2,  5  and  8.  In 
section  15- A.  between  Lombard  and  Latimer  Streets, 


io2cxx>  passengers  are  discharged  as  represented  by 
the  offset  at  Pine  Street  and  403  000  passengers  are 
picked  up  as  rejiresented  by  the  additional  width  at 
Spruce  Street,  the  band  between  Pine  and  Spruce 
Streets  representing  6798000  through  passengers  of 
those  originating  in  .Sections  2,  5,  8  and  12. 

In  Section  15-B.  between  Latimer  and  Cherry 
Streets,  2846000  passengers  are  discharged,  228000 
of  whom  originated  on  the  Snyder  Avenue  surface 
transfer  line  and  are  classed  as  Case  III  passengers. 
In  Section  I5-I'>,  4  355  cx)0  passengers  transfer  to  other 
rajiid  transit  lines  as  follows  : — 

I  —  iog400()  to  llie  cast,  367000  represented  by  the  oflFset 
lietween  Ivjurth  and  Fifth  streets  being  discharged  in 
Section  14  B  and  the  remainder,  727000,  along  the 
line  of  tile  I'Vankfurd  "L." 

2 — I  757  oco  to  the  Nunli   Hroad  street  line. 

3 — I  504  coo  to  the  west  divided,  i.  c.,  S.')4  oco  to  the  pres- 
ent Market  street  sul)\vay-clevated  and  640000  to  the 
proposed  Darby  Hne. 

This  information  was  obtained  by  summarizing 
the  estimated   rapid  transit  passengers   as   shown   on 

Statement  Xo.  19  for 
.Sotith  Broad  Street  sec- 
tions 2,  5,  7,  8,  9.  12  and 
i5-.\  and  similar  informa- 
tion may  be  obtained  by  a 
like  method  for  any  dis- 
trict of  the  city  and  in  any 
d  rection. 

These  are  the  base 
figures  upon  which  all  esti- 
mated operating  statistics 
and  results  from  rapid 
transit  lines  recommended 
for  immediate  construction 
(  Statements  No.  25  to  40) 
are  based. 

i:STIM.\Ti:s      OF      CONSTKUC- 
TIOX    COST 

Prcliiiiiiiarv  Designs — 
Plans,  ])rotiles  and  all 
necessary  detail  drawings 
were  prepared  on  which  to 
base  estimates  of  cost  of 
\arious  types  of  construc- 
tion and  various  routes  for 
the  proposed  facilities.  A  large  number  of  estimates 
of  cost  were  then  prepared  for  building  the  subways 
with  different  cross-sectional  areas  and  different  clear- 
ances and  types  of  roof  and  side  wall  construction. 
The  height  assumed  from  top  of  rail  to  underside  of 
roof  varied  from  12  to  15  ft. 

General  Design  Adopted — As  the  result  of  these 
comparative  estimates  and  the  study  of  rapid  transit 
practice  and  conditions,  locally  and  elsewhere,  it  was 
decided  to  recommend  the  use  of  a  car  about  50  ft. 
long,  8  ft.-9  in.  wide,  11  ft.-8  in.  high  and  to  make 
the  clear  height  of  the  subways   12   ft.   from  top  of 
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rail   to   underside   of    roof;*   also    to   make   the   cars  operation  and  the  time  schedule  for  their  construction 

with  longitudinal  seats  entirely,  as  the  average  length  and  equipment,  are  shown  on  Fig.  21. 
of  ride  will  be  comparatively  short.    All  cars  are  esti-  Unit  Prices — The  unit  prices  used  in  estimating 

mated  as  motor  cars  with  two  125  horse-power  motors  construction  costs  were  taken  from  the  prices  bid  on 

per  car.     The  elevated  lines  are  to  be  built  with  solid  similar  classes  of  work  in  the  building  of  the  New 

floors  to  conform  to  best  modern  design.    All  lines  are  York,  Brooklyn,  Boston  and  Philadelphia  systems  and 

TAHLK    X — UNIT    PRICKS*    USKIl    IN    oltTAlMNC    r'>NSTRTC1!oV    roc  f    r«  r!M.\'rKS. 


Construction    Items   and   UniU   of 
Meiisurc 


Central 
Delivery  Loop 


North  liroaJ 

Olney  to  AHe-    Allegheny 
gheny  to  Kace 


South  Uruad 


Spruce  to  llr:Kean 


Excavation.  Earth,  per  cu.  vd <4.G0  )      ^,  .-.-^    i 

Rock,    per    cu.    yj 4.5U  /  ""clas.ihct! 


Tunnel  in  earth,  per  cu.  yd.     6.50 
'■  Open  cut   in  earth,  per  cu.  yd. 

Concrete.    Subway,   elevated,   per  cu.   yd. 

"  Retaining  walls,   per  cu.   yd-  . 

"  Footings      for      elevated,      per 

cu.    yd 


$10. UO 


$2.2o 
4.00 


*ti.50 


4.00 


$3.50  below  water 
2.50  above  water 


SR  "ift  '$10.00  below  wall 
***-^"       8.50  above  wat< 


Steel,   structural   and   reinforcing.    Price 
per   ton    


Back  fill 
Sewers, 


-Subway,  per  cu.  yd. . 


Ezcav.    including  back   fill,   per 

cu.     yd I 

"         Brick  masonry,  per  cu.   yd 

"  Concrete  masonry,  per  cu.  yd .  . 
*'  Cast  iron — special,  per  ton.... 
"         Cast  iron — straight,  per  ton.... 

"         Laterals,    each    | 

Wellholes,  ft.  Tert.  height ^ 

"         Manholes,    each    

Removing  obstructions,  per  mile  of  line.. 
Ohambere  for  T.  C.  duct,  each 

Maintenance  and  relaying  cable  conduits, 
per    duct    ft 

Furnishing  and  laying  3"  T.   C.  duct, 
per  duct,    ft 

Maintenance   of  water  pipes,   per  lb.  .  .  . 

Furnishing  and   laying   4S"   steel   water 
pipe,  per  ft 

Sump  chambers  and   pumps,   each 

Underdrains — subway,    per    ft 


Repairs  to  sidewalks,  per  sq.  yd. 
Resetting  curbs — granite,   per  ft. 

I  New  curb — concrete,  per  ft 

Repairs  to  roadways,  per  sq.  yd. 


Toilet   rooms,  each 

,  Stair  treads,  per  ft.  length  of  tread 

I  Railings — light,    per    ft 

Railings — heavy,   per   ft 

!  Kiosks,   each    

I  Waterproofing,  per  sq.   ft 

i  Underpinning,    special    buildings 

Underpinning,    ordinary    buildings,  per  ft. 

Tiling  and  decorating  stations,  each.  .  .  . 

Painting  stations  and  kiosks,   each 

Piles— wood,    ft.    of   pile 

Bridges  for  cross  streets,  per  sq.  ft 

Stations,   each    


S7U.IHI 

J70.00 

$70.00 

*70.00 

*0.25 

$0.25 
%          3.00 

$0.25 
%         3.00 

$0.25 

%            3.00 

*          3.00 

12. OU 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

70.00 

70.00 

70.00 

70.00 

50.00 

50.00 

60.00 

50.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

100.00 

100.00 

100.00 

100.00 

400.00 

100.00 

<00.00 

400.00 

0.50 

0.50 

0.50 

0.50 

$             0.111 

$           0.10 

*           0.10 

%           0.10 

0.01 

u.Ol 

0.0 1 

0.01 

26.00 

25.00 

S  600.00 

2  500.00 

2  500.00 

2  600.00 

1.60 

1.50 

1.60 

1.60 

2.00 

2.00 

2.00 

2.00 

0.30 

0.30 

0.30 

0.30 

1.50 

1.50 

1.50 

1.60 

2.50 

2.50 

2.50 

2.60 

600.00 

500.00 

600.00 

500.00 

2.60 

2.50 

2.50 

2.60 

l.SO 

1.60 

1.60 

1.50 

2.50 

2.50 

2.60 

2.50 

1  000.00 

1  000.00 

1  000.00 

1  000.00 

0.25 

0.25 

0.25 

0.25 

Special  prices 

Special  prices 

Spe'l  pric's 

Special  prices 

25.00 

25.00 

25.00 

25.00 

7  000.00 

7  OOO.OO 

7  000.00 

7  000.00 

750.00 

750.00 

750.00 

760.00 

Escalators,  equipment  plus  ft.  of  rise.  .  . 
Ventilation    chambers,    each 


Equipment: — 

Trjck  construction,  per  ft 

Third  rail,   per  mile 

Signals,  per  mile  of  track 

Lighting,    each   station 

Lighting,    per   ft.   of  track 

'       Station    equipment,    each 

Cars,  each    

Feeders,  per  car 

Substations,    per   car 

Car  houses,    yards,   shops,   offices,    per 
car 


•To  all  prices  given,  except  under  "Equipment,"  add  30  percent  for 
ment"  prices  add  20  percent. 

to  be  fully  equipped  with  signals  and  all  au.xiliarv  ap- 
paratus. 

Time  Allowed  for  Construction^ThQ    dates    on 
which  the  recommended  lines  were  assumed  to  he  in 


a  4  00.00  + 

BOO. 00 

.".  0  00.00 
$          G.OO 

5  000.00 

5  000.00 

6.00 

$          6.00 

i      e.oo 

5  500.00 

6  500.00 

6  500.00 

5  500.00 

6  000.00 

6  000.00 

6  000.00 

6  000.00 

2  760.00 

2  760.00 

2  750.00 

2  750.00 

0.25 

0.25 

0.25 

0.25 

5  000.00 

5  OOO.OO 

5  000.00 

6  000.00 

12  000.00 

12  000.00 

12  000.00 

12  000.00 

1  000.00 

1  000.00 

1  000.00 

1  000.00 

2  400.00 

2  400.00 

2  400.00 

2  400.00 

2  000.00 

2  000.00 

2  000.00 

2  000.00 

ol'KN 

PXEVATED 

i>ad 

CUT 

Kk'Ttted     StructuK* 

UcKeaa  to 
Bicler 

Bigler  to 

Frankford,  Uarbj,  l«tk 
St..  BoulcTud 

r 
r 

2.50 

t 

fO.SO 

$   8.50 

$8.50 

$8.00 

7.50 

$6.00 

2o.OO  including  ex- 
cavation, etc. 

$70.00 

$70.00 

$70.00 

$0.25 

$10  000.110 

$         3.00 

12.00 

12.00 
70.00 

0.50 

50.00 

10.00 

10.00 

100.00 

400.00 

0.50 

S           0.10 

0.01 

2  500.00 

■     l.SO 

1.00  includ- 
ing pumps 

2.00 

2.00 

O.SO 

0.30 

1.60 

1.50 

2.50 

1.50   (ma- 
cadam) 

500.00 

1  000.00 

2.50 

2.50 

1.50 

l.BO 

2.50 

2.60 

1  000.00 

0.25 

■Spe'l  pric's 

25.00 

7  000.00 

7  000.00 

750.00 

750.00 
0.40 

2.00 
15  000.00 

$7S  000.00  (includ- 

(Super. 

ing  steel) 

structure) 

5  000.00 

S          3.00 

$         6.00 

J         S.OO 

5  600.00 

5  500.00 

5  500.00 

6  000.00 

6  000.00 

5  000.00 

2  750.00 

2  000.00 

1  600.00 

0.25 

5  000.00 

2  500.00 

12  000.00 

12  000.00 

12  000.00 

1  000.00 

1  000.00 

1  000.00 

2  400.00 

2  400.00 

2  400.00 

2  000.00 

2  000.00 

2  000.00 

>ubw.'i.v  construction,  and  25  perceDt  for  elevated  construction;  to  "Equip- 


*Since  the  Transit  Commissioner's  report  was  printed 
it  has  been  decided  to  design  the  subway  portions  of  the  route 
with  a  clear  height  of  12  ft.  6  in.  from  top  of  rail  to  under  side 
of  roof  and  to  provide  sufficient  clearance  and  platform  length 
at  stations  to  accommodate  trains  of  eight  cars,  each  65  ft. 
long. 


modified  to  meet  the  present  local  conditions.  When 
possible,  unit  prices  for  certain  items  of  work  were 
taken  from  the  different  municipal  departments  doing 
that  class  of  \vork,  viz : — The  cost  of  repaying  and 
building  the  different  types  of  street  pavements  was 
obtained  from  the  Bureau  of  Highways;  the  cost  of 
maintaining  and  building  sewers  and  water  pipes  was 
taken  from  the  Department  of  Public  Works,  Bureau 
of  Surveys  and  Water,  respectively :  the  items  of  con- 
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Crete,  steel,  excavation,  etc.,  were  based  mostly  on  the 
present  bids  for  similar  work  in  connection  with  the 
New  York  subways  and  on  the  actual  cost  of  the 
present  Philadelphia  Market  Street  Subway-Elevated 
Line.  The  assessed  valuation  was  used  as  a  basis  in 
determining  all  property  damages. 

Table  X  gives  the  unit  jiriccs  used,  and  by  sec- 
tions to  be  constructed. 

The  estimated  cost  of  construction  and  equipment 
of  the  recommended  lines  as  of  1919.  the  first  year  of 
operation,  was  as  shown  in  Table  XI. 


From    this    the    following 
tained : — 


information    was    ob- 


T.\HLK   XI— ESTIMATED   COST  OF  CONSTRUCTION  AND   EQUIP- 
MENT  OF   UECOMMENDKD   LINES. 

Line 

Construction 
of  Way  and 
Structures 

Equipment 

Real  Estate 
and  Ease- 
ments 

Total 

N.  Broad  St.  lire      i 

and  deliveiy  loop.    $27  877  000 
South  Broad  St.  line. .;     5  080  000 

Frankford  line '     5  625  000 

Darby  line 4  239  000 

$6  034  000 

1  359  000 

2  402  000 
2  201  000 



$11  996  000 

fl  725  000 

885  000 
151  000 

$35  636  000  i 
6  439  000 
8  912  000 
6  591  000 

Total   

$42  821000 

i1  761  000 

$57  678  000 

Estimated  Cost  of  Additional  Equipinciit — The 
estimated  cost  of  additional  equipment  to  be  added  by 
years  after  first  year  of  operation,  using  North  Broad 
Street  Line  (including  Delivery  Loop)  as  an  example, 
was  based  on  the  number  of  additional  cars  required 
on  hand  (as  shown  by  statement  No.  26)  at  unit 
prices  shown  below  : — 

1920-40  cars   @    $14  400  each.  ..  $576  000  ]  f ''i'i,,,:,'^,!r%pun™anccs 
1921-41  cars   @      14  400  each...    590  000    \  'p^^Sl  o^'^^gina"  con- 

struction. 

Including  sub  stations 
and  other  equipment  ap- 
purtenances. 


1922 — 21  cars  @      14  400  each. 

1924 — 4.3  cars  @  $18  500  each... 

1926 — 39  cars  @      18  500  each... 

1928 — 39  cars  @      18  500   each... 

19J0 — 41  ears  @      19  400  each... 


ESTIM.'VTED   SERVICE   REQUIRED. 

The  service  required  on  the  facilities  as  laid  out 
are  calculated  by  the  following  metliod : — 

Operation  Statistics — Beginning  with  the  45  - 
903  800^  passengers  (Statement  No.  26)  direct  or  by 
transfer,  as  estimated  from  Statement  No.  25  for  first 
year  of  operation  in  gradual  development  of  business 
and  dividing  by  335,  (yearly  ratio  explained  below) 
which  was  found  to  be  the  ratio  of  revenue  passen- 
gers carried  on  the  day  of  the  survey  to  the  total  for 
the  fiscal  year,  results  in  137000  passengers  for  a 
normal  day  and  taking  14  percent  the  ratio  of  passen- 
gers for  the  maximum  hour,  one  way,  to  total  for  the 
day,  results  in  19  200  passengers  for  the  maximum 
hour,  one  way. 

Yearly  Ratio — At  the  time  of  making  the  esti- 
mates (early  in  the  year  1913)  the  revenue  passen- 
gers by  lines  for  the  fiscal  year  to  end  of  June  30, 
1913  were  available  only  for  the  first  si.x  months  end- 
ing December  31,  1912;  therefore  it  was  necessary  to 
estimate  for  the  last  six  months  and  to  do  so  the  fol- 
lowing necessary  information  was  secured  from  the 
Philadelphia  Rapid  Transit  Company  : — 

A — Revenue  passengers  for  six  months  ending  12/31/191I. 
B— Revenue  passengers  for  fiscal  year  ending  6/30/1912. 
D — Revenue  passengers  for  six  months  ending  12/31/1912. 
F — ^Revenue  passengers  for   count   day  October   and   No- 
vember, 1912. 


jj-  ^  C,  ratio  of  six  months  to  total  for  year. 

D 

C 

June  30,  1913. 

_=  yearly  ratio, 
r 


:  E,  estimated  revenue  passengers  for  year  ending 


The  method  of  applying  this  to  determine  yearly 
ratio  for  Market  Street  subwav-elevated  line  is: — 


A. 
B 


34941755  ^ 


On  account  of  a  ticket  booth  and  turnstile  being  estab- 
lished in  Octoiier,  1912,  at  the  Juniper  street  entrance  to  the 
subway  surface  cars  and  those  ticket  sales  being  included  with 
the  Market  street  subway-elevated  line  for  the  six  months 
ending  December  31,  1912,  it  was  necessary  to  secure  also  the 
number  of  those  ticket  sales  and  deduct  same  from  tlie  Mar- 
ket street  su1)way-elcvated  in  order  to  determine  the  true 
ratio  for  that  line  as  follows: 
/?=i8  832  343 

368  313  (Deducted  for  Juniper  street). 
18464032 

D       18  464  o_32  ^  g   gg  ^  ^  £ 

C         n.481 
_E      38386I00  ^  ,    ^^,i^ 

F  114526 

Maximum  Load  Point — By  reference  to  Map  32 
(Transit  Commissioners'  Report),  showing  the  traffic 
diagram  for  the  North  Broad  Street  line,  it  will  be 
noted  that  the  greatest  width  of  ribbon  occurs  at  about 
Columbia  Avenue,  which  is  in  Section  21,  and  repre- 
sents in  yearly  passengers  15  825  000,  which  is  80  per- 
cent of  the  19  711  000  total  one  way  passengers  mak- 
ing up  this  ribbon.  Therefore  80  percent  of  the  19  200 
passengers  for  the  maximum  hour,  one  way,  or  15  400 
are  the  passengers  passing  the  maximum  load  point 
for  the  maximum  hour.  Assuming  an  average  load 
of  86  per  car,  the  derivation  of  which  is  explained 
later,  and  dividing  15400  by  86  results  in  179  cars 
passing  maximum  load  point  for  the  maximum  hour. 
Taking  account  of  the  time  of  round  trip,  83.5  jjercent 
of  the  179  cars,  or  149  cars,  are  required  in  operation. 
The  car-hours  operated  on  the  composite  day  of 
the  traflic  survey  were  found  to  be  one  three  hundred 
and  fiftieth  of  those  during  the  fiscal  year.  On  this 
basis  there  are  8400  hours  for  each  of  the  149  cars, 
or  I  231  600  car-hours,  and  ajjplying  the  service  factor 
of  40  percent  (the  ratio  of  the  average  number  of  cars 
in  use  to  the  normal  maximum  number)  there  are 
500  600  car-hours  which,  di\'ided  by  2.5,  the  average 
cars  per  train,  results  in  200  200  train-hours.  Multi- 
[ilying  the  500600  car-hours  by  13.9  miles,  the  average 
speed  per  hour,  results  in  6  958  300  car-miles,  which 
multiplied  by  five,  the  average  kilowatt-hours  per  car- 
mile,  results  in  34  791  500  kilowatt-hours. 

As  stated  (in  Vol.  i  of  Transit  Commissioner's 
1913  Report)  the  passenger  cars  which  it  was  assumed 
will  be  operated  on  these  lines  have  been  taken  as  sim- 
ilar in  size  to  those  now  in  use  on  the  present  Market 
Street  line,  that  is  about  50  feet  long  and  having  a 
maximum  carrying  capacity  of  120,  based  on  about 
four  square  feet  floor  area  per  standing  passenger. 
Since  these  estimates  were  made,  later  investigation 
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indicates  the  desirability  and  probable  use  of  a  longer 
car,  which  should  show  a  better  ratio  of  operating 
costs  and  somewhat  reduced  cost  of  equipment. 

Margins  of  Safety — In  the  use  of  factors  a  mar- 
gin of  safety  has  been  introduced  either  by  lowering 
or  increasing  the  factors  developed. 

/ — Ratio  Maximum  Hour  to  Day — From  state- 
ments similar  to  Xos.  u  and  13,  the  passengers  for 
lines  tributary  to  each  raind  transit  line  were  sum- 
marized by  hourly  periods  and  graphic  charts  prepared 
for  each  direct'on.  These  charts  for  the  North  Broad 
Street  line  indicated  the  maximum  rush  hour  for  the 
surface  lines  considered  to  be  north  JKiund  from  5  to 
6  P.M.  and  the  passengers  were  22200,  which  is  10.3 
percent  of  the  total  ])assengers  carried  for  the  day  on 
those  lines.  The  ratio  of  the  present  Market  Street 
subway-elevated  to  the  surface  lines  tributary  for 
this  period  was  1.45,  and  multiplied  by  10.3  gave  a 
modified  ratio  of  14.9  percent,  the  ratio  of  passengers 
for  the  maximum  hour  one-way  to  the  total  for  the 
day,  which  for  1919,  the  first  year  of  operation,  was 
reduced  to  14.0  percent  and  gradually  increased  to 
14.8  percent  at  1930. 

Number  of  Cars  Required  in  Operation — In  de- 
termining the  number  of  cars  required  in  operation 
for  the  North  Broad  Street  Line,  the  following  rout- 
ing was  assumed : — 

A — Two-thirds  service  around  delivery  loop  and  to  ends 

of  line. 
B — One-tliirJ   service   via   Eighth   street   to   South   Broad 
and  to  Erie  avtnue. 

Running 
Time 
(Minutes) 

B — Erie  to  Race 15 

Loop    via    Eighth 


Running 
Time 
(Minutes) 

A — Olney  to  Erie 8 

Erie  to  Race 11 


Loop    gVz 

Race   to   Erie 11 

Erie  to  Olney.  ...       8 

Including    lavover  51 


to  South  Broad 
Same     return     to 

Race   

Race  to   Erie 


7 

7 
15 

44 


A- 
B- 


60 
48 
60 


Including    layover     4S 
0.85  X  2/3  to  Olney    —  0.570 


0.80  X  1/3  to  Eric         =  0.265 

Total 0.835 

That  is,  83.5  percent  is  the  ratio  of  cars  recjuired  in  oper- 
ation to  cars  passing  the  maximum  load  point  at  the  maxi- 
mum hour. 

The  details  of  average  speed  are  as  follows  : — 

Length  of  route  to  Olney 14.0  miles 

Length  of  route  to  Erie 9. 1  miles 

Running  time,  Olney  avenue  route 51  minutes 

Running  time,  Erie  avenue  route 48  minute.-; 

Therefore : — 
14  miles  X  60  minutes         .  ,  ,  ,^,        ^ 
51  minutes        -=  16.5  m.p.h.  average  speed  (Olney). 

9.1  miles  X  60  minutes  ,  ,  .,-  .   ^ 
48  minutes            =  "-+  "'''■''■  ^'^'eragc  speed  (Erie). 

(16.5  +  11.4)  -=-  2  =  13.9  m.p.h.,  average  speed. 
Scrz'ice  Factor — The    40    percent    service    factor 
used  in  determining  car-hours  was  developed  as  fol- 
lows : 


Cars  Per  Hour  Passing 
Maximum    Load    Point 


Car-Hours 
Daily 
Morning  rv.sh  hour.s — loi  cars  multiplied  liy  3  hours 

of  operation,   ecjuals    303 

10  to   II   .'\.   M. — 25   cars  multiplied  by  3   hours  of 

operation,    equals    75 


I  to  2  P.  Nf. — 50  cars  multiplied  by  u  hours  of 
operation,    equals    550 

Evening  rush  hours — 161  cars  multiplied  by  3  hours 
of    operation,    equals 483 


Total. 


I  411 


I  411  divided  by  (161  times  24  hours  =)  3860,  results  in 
36.6  percent,  which  was  increased  to  40  percent  lor  1919,  the 
first  year  of  operation  to  allow  a  factor  of  safety,  and  grad- 
ually reduced  to  38.2  percent  at  1930. 

Average  Cars  per  Train — The  trains  per  hour 
passing  the  maximum  load  point  are  determined  as 
follows : — 

Train-hours 
Daily 
Morning  rush  hours — 20  trains  multiplied  by  3  hours 

of  operation,  equals 60 

10  to   II    .-v.   M. — 8  trains  multiplied  by  3  hours  of 

operation,   equals   24 

I    to  2   P.   M. — 16  trains   multiplied  by   11   hours   of 

operation,  equals   176 

Evening  rush  hours — 23  trains  multiplied  by  3  hours 

of  operation,  equals 6<> 


Total. 


329- 


Dividing  1411,  the  daily  car-hours,  by  329  trains  per  dayv 
resulted  in  4.3  average  cars  per  train  which  was  reduced  to 
2.5  for  1919  the  first  year  of  operation  and  gradually  in- 
creased to  3.6  for  1913. 

Derived  Statisiies — A  value  of  24.9  cents  revenue 
per  car-mile  is  obtained  by  dividing  $1  y^z  900,  the 
revenue  as  apportioned,  by  6  958  300  car-miles  ;  S3. 46 
is  obtained  as  the  revenue  per  car-hour  by  dividing  by 
500600  car-hours;  $11  600  is  obtained  as  the  revenue 
per  maximum  car  operated  by  dividing  by  149  cars 
required  in  operation;  and  $168200  revenue  per  mile 
of  line  is  obtained  by  dividing  by  10.3  miles  of  line. 
A  value  of  6.6  passengers  per  car-mile  is  obtained  by 
dividing  the  45  903  800  passengers  by  6  958  300  car- 
miles  ;  308  100  passengers  per  maximum  car  operated 
is  obtained  by  dividing  by  149  cars  required  in  opera- 
tion;  and  4456700  passengers  per  mile  of  line  by  di- 
\  iding  by  10.3  miles  of  line. 

Also  244  100  car-miles  per  mile  of  track  is  ob- 
tained by  di\  iding  6  958  300  car-miles  by  28.5  miles  of 
track ;  42  400  car-miles  per  car  owned  by  dividing  by 
164  cars  owned  (149  cars  required  in  operation  in- 
creased 10  percent  for  spare  cars)  ;  5.9  cars  owned  per 
mile  of  track  by  dividing  164  cars  owned  by  28.5  miles 
of  track;  and  2.^  stations  per  mile  of  line  by  dividing 
24  stations  by  10.3  miles  of  line. 

ESTIM.ATED    ri.NANCI.^L    RESULTS    OF    0PEK.\T10N 

The  financial  results  of  operation  were  estimated 
from  the  assumed  time  of  commencement  to  1930. 

Passenger  Rci-enue — The  preceding  traffic  esti- 
mates represent  the  probable  volume  on  the  basis  of 
the  fiscal  year  1913.  In  projecting  the  estimates  into 
the  future,  the  probable  increase  in  population  in  each 
district  served  was  calculated.  The  rides  per  capita 
per  annum,  were  estimated  to  increase  at  the  normal 
rate  until  the  opening  of  the  new  facilities.  Then  the 
rate  of  increase  was  based  on  the  rate  of  increase  ac- 
tually experienced  on  the  Market  Street  Line. 

Method  of  Estimating  Future  Traffic  and  Reve- 
nue— The  rate  of  increase  in  rides  per  capita  served 
by  the  Market  ."^trcet  Line  was  approximately  18  per- 


538 


THE  RLECTRIC  JOURNAL 


cent  in  1910,  the  second  year  of  operation  of  tlie  en- 
tire line,  and  10,  9  and  8  percent  respectively,  in  the 
next  three  years  of  operation.  Due  to  the  fact  that 
♦he  traffic  survey  was  made  in  the  fiscal  year  19 13. 
corresponding  with  the  8  percent  rate  above,  it  was 
determined  in  the  estimates  of  new  rapid  transit  lines 
to  apply  to  the  number  of  rides  per  capita  per  annum 
for  the  first  five  years  of  operation  a  less  rate  of  in- 
crease, viz.,  7,  6,  5.5,  5  and  4.5  percent  respectively. 
These  increases  in  rides  per  capita  were  used  in  the 
North  Broad  Street  Line  estimates  giving  rides  per 
capita  up  to  1924  inclusive.  Increases  in  rides  per 
capita  of  4,  3.75,  3.5,  3.25,  3,  and  2.75  percent  were 
used  for  the  following  years  up  to  1930. 

This  gave  iio.o  rides  per  capita  for  the  year  1919 
increasing  to  176.3  for  1930,  which  applied  to  the 
tributary  population  estimated  for  these  years,  521  - 
200  and  652  100  respectively,  produces  rapid  transit 
traffic  for  North  Broad  Street  Line  of  57  379  760  in 
1919  and  1 14  965  200  in  1930  which  can  be  comparcfl 
with  43486900  estimated  as  of  1913  and  with  46865  - 
465  carried  in  1913  by  the  Market  Street  Line. 

Gradual  Development  of  Traffic — From  experi- 
ence it  has  been  determined  that  it  requires  approxi- 
mately three  years  for  the  passengers  tributary  to  a 
new  transportation  line  to  become  thoroughly  familiar 
with  the  use  thereof,  and  from  records  of  such  now 
lines  it  has  been  assumed  that  in  the  first  year  of  oper- 
ation only  80  percent  of  the  normal  tributary  trattic 
will  be  secured  by  the  proposed  rapid  transit  line>,  in 
the  second  year  90  and  in  the  third  year  100  percent. 

Estimated  Revenue  and  Apportionment — Begin- 
ning with  57  379  760,  the  total  passengers,  estimated 
for  1919  on  the  North  Broad  Street  line,  and  assum- 
ing that  80  percent  of  these  passengers  would  be  ob- 
tained in  the  first  year  of  operation  in  the  gradual  de- 
velopment of  business,  results  in  45  903  800  passen- 
gers estimated,  which  divided  by  521  200  population 
in  area  served  results  in  88.1  passengers  estimated 
per  capita.  Then  45  903  800  passengers  at  five  cents 
per  passenger  equals  $2  295  200  total  revenue,  which 
divided  by  521  200  population  in  area  served  equals 
$4.40  per  capita. 

The  division  of  the  $2295200  total  revenue  is  as 
explained  on  a  passenger  mileage  basis  as  shown  by 
the  passenger  mileage  percent  columns,  Statement 
20: — 

75.5  percent  or  $1  732900  to  North  Broad  street  line. 
4.9  percent  or  $    1125CO  to  Market  street  line. 
5.8  percent  or  $    133  100  to  other    rapid    transit   lines. 
13.8  percent  or  $    316700  to  surface  lines. 

Operating  Expenses — Unit  Costs — In  order  to 
estimate  accurately  the  operating  expenses  of  the  pro- 
posed rapid  transit  lines,  a  study  was  made  of  the 
costs  in  recent  years  of  operation  of  subway  and  ele- 
vated lines  in  Philadelphia,  New  York,  Brooklyn  and 
Chicago.  These  costs  of  operation  were  compiled  by 
years  and  reduced  to  a  relative  unit  basis.  From  this 
study  there  were  assumed  for  each  of  the  new  rapid 
transit  lines  unit  costs  of  operation  which,  when  ap- 


plied to  the  service  statistics,  give  the  annual  f)[>eratiiijf 
expenses. 

Form  of  Operating  Expense  Estimates — Tlie  op- 
erating expenses  for  the  recommended  rapid  transit 
lines  were  estimated  and  compiled  as  in  Table  XII. 

T.\HLK    .\II— KSTl.MATED    OPERATI.NO    E.XPENSES — I"R<>I'I)SEI> 
.NOIiTH  BUO..VD  STREET  LI.NE.  YEAR  ENDING  JUNE  30,    1919. 


.MiiiiitL'Tianre 


Unit  used  in 
Estimate 


.\mount       Per  Unit 


Track  and  roadway Mile  track 

Ekctric  lino Mile  track 

P.uildirgs Car  owned 

Cars  and  shops ,  Car  owned 


I$1I1  400 
23  700 
10  400 
9,S  4  00 


tS  910  I 

sxo  : 

100 

600 


('a  r- mile 

1.6e 
0.4c 
0.4c 
1.4c 


Total  niaiTilenance. 


Gross  earnings 


$249  900         14.2%        i.Cc 


Transportation. 

Power   Kilowatt-hour    $260  900  0.75c 

Trainmen   .Car-hour           ,   130  200  30.0c 

nihcr  operation  cars. ...   Car-owned              90200  $.i50.0fl 

Station   expense ,  Station                  112  500  $4  690.00 


T  )tnl  transportation. . 'Gross  earnings  {$613  300:        35.0% 


Damages    Gross  eaniirgs  $    26  300 

General   exi  enses Gross  earnings  .')2  600 

Total  01  crating  ex-  

penses Gross  eaniings  ^942  600 


1.5% 
3.0% 


53.7% 


3.7c 
2.2c 
1.3c 
1.6c 

8.8c 


0.4c 
0.8c 


Maintenance — Track  and  Roadway — A  study  of 
the  cost  of  maintenance  of  track  and  roadway  for  sev- 
era'  rapid  transit  lines  shows  the  unit  values  given  in 
Table  XIII. 

Maintenance — Electric  Lines — Data  on  which 
the  estimates  for  maintenance  of  electric  lines  were 
;alcuhited  are  given  in  Table  XI\  . 


TABI.E    XIJI — rXlT   COST  FOR   SEVERAL    RAPID     IRANSIT    SYSTEMS. 

iladelphi 
ubwa,v-E 
vatedj 


,  .      ,.   .  .  ,        .  L         i*hiladelphia 

Rrooklyn  Lt-.ion       Interborough         Interborough         (Subwav  Ele- 
(Elevated)  (Elevated)  (Subway) 


a^-S        gc-;       ft^-g    I     gg'; 

Sgfr.    ■    5£.^^    SSf;      l^fto      cSf=      qK-o     |Sf:  i   gac 


:&-    ^s\ 


■  1- 


190S   $1  986  275  081    $5  034  547  032    $1  802  554  92C    $]   13S  143  747 

1909  1825  275  280      5  018  529  544      6  112  504  357      3  840  233  031 

1910  2  332  302  196      4  872  538  295      6  587  613  660      4  730  290  656 

From  the  d?ta  of  Table  XIII  curves  similar  to  those  shown  on  Fig. 
22  were  developed  and  used  in  selecting  unit  costs  of  track  and  roadway 
maintenance  for  proposed  rapid  transit  lines. 


TABLE  XIV— SIAINTKNANCE-ELECTRIC  LINES. 

Cost  per  Miie  of  Track.              i 

S.vstem. 

1908 

1909 

1910       1911       1912 

Philadelphia   (Subway-elevated) . 

Interborough    (Subway) 

Interborough   (Elevated) 

Brooklvn  Union  (Elevated) 

$1058 
616 
496 

$206 
996 
931 
450 

$334       $867         895 

621 

528          

422          

TABLE  XV — MAINTENANCE — BUILDINGS. 


System. 

Cost  per  Car  Owned. 

1908 

1999          1910          1911 

!             1             1 

Philadelphia   (Subway-elevated)  .i        ...     i       $97     |     $156    1     $232 

Interborough    (Subway) J93     '        125               87     ' 

Interborough   (Elevated) 79               S6               85 

Brooklyn  Union  (Elevated) C3               (16               68 

From  Table  XI\'  a  unit  cost  of  $i  ooo  and  $500 
per  mile  of  track  for  maintenance  of  electric  lines  for 
subway  and  elevated,   respectively,   was  selected. 

Maintenance — Buildings — The  figures  of  Table 
X\'   show   the  cost  of  maintenance   of  buildings   for 
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several  existing  rapid  transit  systems.  In  the  esti- 
mates of  proposed  rapid  transit  lines  $100  per  car 
owned  was  used  as  the  unit  cost  for  maintenance  of 
bi'ildinjjs. 

Maiiiteiujiicc — Cars  and  Slto()s — The  data  in  Ta- 
ble XVI  for  various  rapid  transit  systems  was  used  as 
a  basis  for  tlie  unit  cost  per  car  owned  in  estimates 
of  maintenance  of  cars  and  shops  for  proposed  lines. 

The  diagram,  Fig.  23,  was  constructed  from  the 
figures  of  Table  X\T  and  was  used  in  estimating 
unit  costs  for  "Maintenance,  Cars  and  Shops"  ilem. 


4aca»  50Ci»  oOKCD  

CAR  MILIS  Pta  v«l  E  OF  irUCK 
PER  YEAR. 

in:.    22 — M.MNTENAXCK — TRAlK    AND    ROAUWAV 

Power  was  estimated  at  0.75  cents  per  kilowatt- 
hour  at  the  substation,  which  figure  includes  the  esti- 
mated purchase  price  and  substation  expenses. 

Trainmen's  Wages  were  estimated  at  a  uniform 
rate  of  30  cents  per  hour. 

Station  Expenses — -The  unit  cost  used  in  estimat- 
ing station  expense  for  proposed  rapid   transit  lines 

iisa 

Sm 
a6Co 

530C. 

ac 

.00 


-XCW  30COO  «M  "COCO  tiCCiX  XiOOO 

CAR  Mil  t  •*  PCH  C\H  OWNEO 

PER.  ■wm. 

FIG.    23 — MAINTI  NA.NCE — C.VRS    AND    SHOPS 

was  $5  000  per  station  for  first  year  of  operation  with 
$100  added  each  year  thereafter.  This  estimate  is 
based  upon  figures  of  Table  X\'II. 

Expense  Incident  to  Operation  of  Cars  other 
than  jjlatform  wages  and  power  was  based  on  the 
data  of  Table  XNTII.  F.g.  24  was  constructed  from 
the  figures  of  this  table  and  used  in  estimating  unit 
costs  for  "Other  Expenses  of  Operation  of  Cars." 

Damages  were  figured  at  1.5  percent  of  gross 
earnings.  The  ratio  of  damages  to  gross  earnings  for 
several  rapid  transit  systems  are  given  in  Table  XIX. 

While  the  average  of  the  percentages  of  Table 
XIX  is  lower  than  the  percentage  used,  it  is  consid- 
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ercd  desirable  to  set  aside  1.5  percent  each  year,  and 
accumulate  the  balaiice  at  the  end  of  the  year  in  a 
reserve  to  ofTsct  the  outstanding  liabilities. 

General    Expenses — The    ratio    of    general    ex- 
penses to    gross    earnings    for    several    rapid    transit 

TAUI.K    .\VI— IIAIXTENA.VCE — CABS    AND    SHOPS. 


Chicago  &  Oak 
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32  888 

1909 

277 

25  006 

343 

i(,  731 

423 

29  000 

455 

33  $13 

1910 

238 

25  SIS 

441 

28  725 
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35  030 

1911 
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1908 
1909 
1910 
1911 
1912 


$166  28  704  $451  40  594  $979  52  574 
502  30  803  449  39  296  830  56  161 
706  33  815!   455  38  124  i   677  54  807 


S309  22  964 

507  38  794 

514  42  581 

336  30  193 

426  37  112 


TABLE  XVn— STAT1C»V 

FXPENSES 

PKB   STATiON. 

System. 

.,„,. 

\l,\„ 

r;.iladelRhia     (Subway-elevated) 
Interborough      (elevated) 

..       $3  597 

'.  '.          4  060 

$4  621           $4  874 

6  350              6  400 
5C20              5  500 

s_\  Stems  is  given  in  Table  XX.  In  the  estimates 
of  the  proposed  rapid  transit  lines  general  expenses 
were  figured  at  three  percent  of  gross  earnings. 

TARI.K   XVIII— EXPENSE   OF   CAR    OPERATION— INCIDENTAL. 


Philadelphia 
(Subwav- 
Llevated) 

Intprh 
(Sub 

Brookl.vn 

oroi:i!li         Iiiitrb.ir.  u^h               r,  jnii 

v.-                     '  ■        •                            -,;,-,!, 

Year 

190S 
1909 
1910 

Cost 

per 

Car 

Owned 

$188 
250 

SB.i 

Cars 
O-.vr.cd 
per  Mi. 
Tra< 

0.3 
6.0 

B.S 

Cosit 
per 

Cai- 

$3ti2 

sss 

391 

Cari        C-s:   ,    C.ir-    ,    •■■'t        Cars 
Owned       per       Owrcd       per       Owned 
per  Mi.      Car    'r«i-Vj.      Car       per  Mi. 
Track  I  Owm        : .           OwTiwi     Track 

10.5           $677        8.9 

10.0       $283         13.5          631         8.9 
11.2          309         14.1    1      447         8.9 

I'ABLE   Xl.\ HA  111!  uK  iJA.\tAl..t.s    i  o   i.n...^.-^   tARNISGS — PERCENT 


Interborough     (Subwjvi .-^.'  1.1.                l.OC 

Interhnrough    ( Klevated  i ,         l.^^  1.49               1.13 

'  Brooklyn   Ciuon    (Elevated) 1.20  l.SO               1.00 

T.\BLE    XX — R.VTIO    GENERAL    EXPENSES    TO  GROSS  EARNINGS — 
PKI:  CENT. 

S\  -t,  -r.                                        190^  1  ■■    '.•               1910 


Intcrlti  ri:i;|;ii  (  Suh\\a>  )  .  .  .  . 
Interbrr.iueh  (  KVva'ed) .  ... 
Brool  lyn    fiiion    (Elevatid). 


3.74 
3.10 


3.67 
3.40 


2. IS 
3.11 
2. SO 


Other  Revenue,  (Statement  No.  i-*)— The  $i  732  - 
9<X)  passenger  revenue  is  brought  forward  from  pas- 
senger revenue  statement  25,  according  to  the  divi- 
sion of  revenue  and  the  $22400  advertising  revenue 
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is  calculated  at  $250  per  .station  (24  X  $250  =  $6  000) 
plu.s  $100  per  car  owned   ( 164  X  $ioo  =  $16  400J. 

$1  732900  Pa^-sengcr  revenue. 
Adding  22  400  .Advertising  revenue. 


$1  755300  Total  or  gross  revenue. 
Deducting     942 600  Operating  expenses    (Statement  No.  27). 


$   812  700  Net  earnings  for  igiij,  first  year  of  oper- 
aiion. 

Taxes — The    following  rates   were   used   in   esti- 
mating taxes : — 

0.5  of  a  cent  per  dollar  on  company  securities 
0.8  of  a  cent  per  dollar  on  gross  earnings. 
I.S  cents  per  dollar  on  realty  and  personalty. 
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0       I        2       3       J       5       6       7       8       9       >:       n       12      O      h       15      16 
CASKS  OH^EO  PtmMILE  OF  inACK 

FIC.    24 — EXPENSE    OF    OPEE.MION    OF    CARS    0THn;R    TH.\N     PL.\T- 
FORM    WAGES   AND   POWER 

The  principal  for  realty  and  personalty  was  esti- 
mated at  $3000  per  car  owned  (164  cars  owned  at 
$3000  per  car)  =  $492000.  The  taxes  for  year  to 
June  30,  1919,  are  given  in  Table  XXI. 

TABLE  XXI — TAXES  FOR  YEAR  TO  JUNE  30,  1919. 
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Unit  of  Estimate 

Principal          (Cenfs)            Amount 

Company's    securities 

Gross;    earnings 

$6  35-2  ceo              0.5                 $31  700 

1  755  300              0.8                    14  000 

492  000              1.5                       7  400 

Realty   and   personalty 

Totil  taxes  lor  1919 $53  100 

Contingency  Reserve — It  is  considered  necessary 
to  set  aside  each  year  a  contingency  reserve  t )  provide 
against  abnormal  operating  expenses  which  may  be 
expected  to  occur  infrequently  as  a  result  of  calami- 
ties, contingencies  or  industrial  disturbances.  This 
was  estimated  at  $28  300,  or  3  percent  of  the  $942  600 
operating  expenses. 

Renczval  Reserve  Charges  on  Structures — The 
estimate  of  renewal  reserve  charges  is  as  follows: — 

The  total  cost  $24323000  of  subway  structures  to  Erie 
avenue  (including  delivery  loop)  as  shown  in  Statement  1, 
(page  14')),  is  obtained  by  totaling  suli-items  (c)  (d)  (e)  and 
(f)  of  Item  2  of  Recommended  Estimate  "X"  and  total  of 
Item  6,  Recommended  Estimate  "I"  in  Statement  No.  3,  (page 
148,  Transit  Commissioner's  report).  The  annual  charge,  as- 
suming tlie  service  value  to  be  the  same  amount  as  the  orig- 
inal cost  with  an  estimated  life  of  100  years  and  allowing  3J4 
percent  compound  interest  (equivalent  to  a  rate  of  0.116^) 
is  $28200. 

The  total  cost,  $3554000,  of  branch  elevated  structures 
shown  in  Statement  i.  page  146.  is  obtained  by  totaling  sub- 
items  (a)  and  (b)  of  Item  2  of  the  recommended  Estimate 
"X."  Assuming  the  salvage  value  as  15  percent  of  the  orig- 
inal cost,  or  $533  100  gives  the  service  value  as  the  difference, 
or  $3  020  000.  The  annual  charge  on  this  amount  with  an 
estimated  life  of  75  years  and  allowing  3.5  percent  compound 
interest   (equivalent  to  a  rate  of  0.287  cents)   is  $8700. 

The  sum  of  the  two,  $28200  +  $8700  ^  $36900  repre- 
sents an  investment  by  the  city  of  $27877000  (not  including 
land). 


Rcnc-iVal  Reserve  Charges  on  Equipment — These 
were  figured  on  an  average  life  of  30  years  with  an 
allowance  of  3.5  percent  compound  interest  (eciuival- 
ent  to  an  annual  rate  of  1.94^').  On  all  four  items 
(as  shown  in  Table  XXlIj  the  principal  was  based  on 

TABLE   XXir— SUMMARY  OF  ANNUAL  CHARGES  FOR   RENEWAL 
RESERVE  ON  JiQUll-MKj;T  FOR  YEAR  TO  JUNE  30.  1919. 

Rolling  stock !  $41  200 

Feeders    '        2  500 

I  Sub-Stations    11  900 

'  Car  houses,  yards,  shops  and  offices 15  300 


Total    renewal    reserve    equipment \%1^  900 

On  an  investment  by  the  operating  company  of  $6  034  000. 

the  value  of  the  number  of  cars  ow^ned  for  different 
years : — 

Cost  of  rolling  stock  based  on  1919  cars  (164  (a.  $14403 
each)  =$2362000.  Assuming  the  salvage  value  as  10  percent 
of  the  original  cost,  or  $236  200,  gives  the  service  value  as 
the  difference,  or  $2125800.  The  annual  charge  on  this 
amount  at  above  rate  is  $41  200. 

Cost  of  feeders  liased  on  1922  cars  (266  (7t.  $1200  each) 
:=  $319000.  .Assuming  the  salvage  value  as  60  percent  of  the 
original  cost,  or  $191  4ro,  gives  the  service  value  as  the  dif- 
ference, or  $127,600.  The  annual  charge  on  this  amount  at 
amount  at  above  rate  is  $1 1  900. 

Cost  of  sub-stations  based  on  1922  cars  (266  (ff  $2880 
each)  =  $766000.  Assuming  the  salvage  value  as  20  per- 
cent of  the  original  cost,  or  $153200,  gives  the  service  value 
as  the  difference,  or  $612800.  The  annual  charge  on  this 
amount  at  above  rate  is  $1 1  000. 

Cost  of  Car  houses,  yards,  shops  and  offices  based  on 
the  1924  cars  plus  one-third  (309  x  1.333  =  412  cars  at 
$2400  each)  =  $989000.  .Assuming  the  salvage  value  as  20 
percent  of  the  original  cost,  or  $200000,  gives  the  service 
value  as  the  difference  or  $789000.  The  annual  charge  on 
this  amount  at  above  rate  is  $15300. 

STUDY  OF  F.^CILITII••.S   IN   L.\RGE  AMERICAN   CITIES 

A  series  of  maps  was  prepared  for  Philadelphia^ 
New  York,  Boston  and  Chicago,  to  a  scale  of  about 
one  inch  to  the  mile,  and  including  the  territory  with- 
in a  radius  of  i6  miles  of  the  respective  City  Halls. 
This  was  called  the  "Metropolitan  .\rea''  and  is  shown 
for  Philadelphia  by  Fig.  25. 

United  States  geological  survey  sheets  for  Philadelphia, 
New  York,  Boston  and  Chicago,  and  their  vicinities  were 
mounted  on  cloth  making  a  base  map  for  each  city  slightly 
larger  than  45  in.  x  57  in.  The  scale  of  these  maps  is  one 
inch  to  62  500  inches,  or  appro.ximately  one  mile  per  inch. 
For  closer  work  in  Philadelphia,  Smith's  map  was  used  as  a 
base.  The  scale  of  this  map  is  one  inch  to  i  ceo  feet.  Smith's 
map.  however,  does  not  e.xtend  farther  west  than  the  limits 
of  Philadelphia  county.  It  was  therefore  necessary  to  add 
to  the  west  in  order  to  have  it  co-extensive  with  the  geo- 
logical base  rnap.  The  map  was  accordingly  divided  into 
three  sections,  each  42  in.  x  34  in.,  and  for  convenience  termed 
the  northern,  central  and  southern  sections  respectively.  Three 
sections  were  added  to  the  west,  each  42  in.  x  54  in.,  and 
termed  the  northwestern,  west  centrv.l  and  southwestern  sec- 
tions. The  complete  map  was  therefore  126  in.  x  108  in.  The 
data  for  the  western  sections  were  taken  from  Delaware  and 
Montgomery  county  atlases  and  from  maps  at  other  scales. 
For  the  other  cities  the  following  maps  were  used  as  basic: 
Boston,  Walker  Lithographic  Publishing  Company's  map, 
scale  one  inch  to  1920  feet;  Brooklyn,  .August  R.  Ohman's 
map,  scale  one  inch  to  2120  feet;  Chicago,  Rand  McNally 
&  Company's  map,  scale  one  inch  to  2  112  feet,  and  smaller 
scale  maps  showing  surrounding  counties. 

Due  to  the  absence  of  the  boundaries  of  many  civil  di- 
visions on  the  U.  S.  Geological  maps  for  Boston  and  vicinity, 
it  was  necessary  to  obtain  this  information  from  the  report 
volumes  of  the  Massachusetts  Harbor  and  Land  Commission. 

Locating  the  City  Hall  of  each  of  the  respective 

cities  and  using  it  as  a  center,  circles  from  two  to  16 

miles  in  radius,  at  intervals  of  one  mile  were  described. 

The  5,  10  and  15  mile  circles  were  distinguished  from 

the  others  bv  hea\  ier  weight  lines.    The  steam  railroad 
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and  electric  railway  lines  were  then  brought  out  in 
relief.  The  steam  railroad  lines  were  colored  in  red 
and  the  stations  indicated  by  short  black  cross  lines. 
The  stations  were  located  by  mileage,  and  all  routes 
of  lines  verified  from  the  various  company  data.  The 
passenger  lines  only  (no  freight)  were  thus  shown  in 
relief,  a  solid  line  indicating  a  regular  passenger  line 
or  lines,  and  a  broken  line  indicating  one  used  infre- 
quently for  passenger  service — i.  e.,  once  or  twice  a 
day.  The  electric  railway  lines,  both  street  and  sub- 
urban, were  shown  by  dark  blue  lines.  The  route> 
of  some  of  these  are  shown  on  the  geological  m;ii). 
but  most  of  them  had  to  be  platted  from  company  data. 
Having  decided  that  all  metropolitan  maps  at  this 
scale  (one  in.  to  62  500  inches)  were  to  be  34  in.  x  42  in. 
the  area  enclosed  by  the  i6th  mile  circle  was  centered 
within  this  size  except  in  the  case  of  Philadelphia 
(preference  being  given  to  territory  in  Pennsylvania 
over  that  in  Xew  Jersey),  and  of  Chicago  (Lake  Mich- 
igan being  to  the  east  making  it  possible  to  includi; 
more  of  the  territory  to  the  west).  The  base  maps 
were  then  complete,  giving  the  following  composite 
information : — 

I — Territorial   boundaries  : — state,   countv,   township,   city 

and  borough. 
2 — Passenger   transportation   lines  : — steam    railroad,   and 

electric  street  and  suburban  lines. 
3 — Water  areas  : — rivers,   creeks  and  lakes. 

In  order  to  avoid  the  confusion  arising  from  the 
platting  of  a  large  variety  of  features  on  a  single  map, 
separate  tracings  were  compiled  for  each  of  the  fol- 
lowing features  of  each  of  the  above  cities. 
I — Civil  Division  Tracing. 

This  tracing  gives  the  boundaries  of  water  and  civil  divi- 
sions with  their  names.  The  civil  divisions  shown  were  state, 
county,  township,  city  and  borough. 

The  state  line  was  made  heaviest  in  weight,  the  county 
line  not  as  heavy,  and  the  township,  city  and  borough  line; 
lighter  still.  The  shore  or  coast  line  was  the  lightest  weight 
line  u-ed.  The  city  halls  of  Philadelphia.  Xew  York,  Boston 
and  Chicago  were  indicated  by  a  small  cross.  This  is  also 
the  centre  for  the  mile  circles.  Four  corners  were  drawn  to 
indicate  the  limits  of  the  34  in.  x  42  in.,  and  also  to  permit  of 
the  registering  of  the  various  tracings. 

2^Steam  Railroad  Passenger  Lines. 

This  tracing  gives  the  passenger  lines,  with  road  names 
and  stations  and  names.  The  railroads  are  indicated  by  heavy 
black  lines  with  heavy  or  thin  cross  lines  for  stations.  The 
heavy  cross  lines  indicate  regular  stops  for  trains,  while  the 
thin  lines  are  those  of  flag  stops.  The  difference  between  reg- 
ular and  flag  stops  is  further  emphasized  by  using  all  capital 
letters  for  regular  stops,  and  capital  and  small  letters  for  flag 
stops.  P'erry  routes  are  indicated  by  fine,  short  dash  lines.  In 
order  to  obtain  register  with  the  civil  division  and  other 
tracings,  the  four  corners  were  indicated. 

3 — Electr'c  Street  and  Suburban  Lines.  (Surface  and 

rapid  transit.) 

The  electric  railway  lines  are  shown  by  a  lighter  weight 
line  than  that  used  for  the  steam  lines.  .\lso  the  rapid  transit 
lines,  subway  or  elevated,  were  distinguished  from  the  .sur- 
face lines  in  that  they  are  represented  bv  a  fine  double  line. 
The  rapid  transit  lines  were  shown  completely,  while  to  avoid 
confusion  the  surface  lines  were  not  shown  within  the 
four  mile  circle.  Where  the  tracks  of  the  two  railway  com- 
panies are  continuous,  the  division  of  ownership  is  shown  by 
a  cross-line  and  arrow  pointed  lines. 

4 — Combination  Steam  Railroad  and  Electric  Railway 

Lines. 

This  tracing  was  made  for  Philadelphia  only,  giving 
the  combined  information  of  the  steam  railroad  and  elec- 
tric railway  tracings. 


5 — Population. 

The  population  was  platted  for  the  metropolitan  districts 
iinder  consideration,  from  the  bulletins  of  the  L'nited  States 
Census.  .\  convenient  scale  of  one  spot  to  1  000  people  was 
adopted.  In  platting  these  tracings  the  larger  scale  population 
maps  (one  spot  to  100  peoplej  were  used  as  a  reference. 

6 — Steam  Railroad  Passenger  Fare  and  Time  Zones. 

The  steam  railroad  fare  tracings  were  platted  directly 
over  the  base  map.  One  was  based  on  the  commutation  fare 
and  the  other  on  the  excursion  fare.  One  way  rate  only  was 
platted,  the  data  being  taken  from  company  tariffs.  \n  ex- 
ample of  the  data  furnished  is  given  in  Table  XXIII. 

T.\HLE  XXllI— RAILRO.AD   PAS-SESCER   K.\TKS— D.^T.V   FOR   \L\VS. 


One  Way  Rate  one  Way  Hate 

Between   Readirg  Ter-      60  Trip  60  Trip        Excursion      Excursion 

ininal,    Phila.,  and        Monthly 


60 


6c 

15c 

7Hc 

6%c 

18c 

9c 

7^4c 

21c 

I0i4c 

7%c 

23c 

lH4c 

7»4c 

25c 

12  lie 

Huntingdon   street. . . .  $3.60 

Nicetown    4.05 

Wayne    Junction 4.35 

Kisdicrs    4.50 

Wister    4.65 


Fare  zones  at  intervals  of  loc  were  platted;  when  the  fare 
one  way  was  not  an  even  figure  as  in  the  case  of  Wayne 
Junction  by  excursian  rate,  the  fare  zone  desired  was  inter- 
polated thus: 

Wayne  Junction loYz^      Wayne  Junction loYz^ 

Nicetcwn    g^  Fare  zone lo; 


Difference  V/zi         Excess 

Yz^  Excess      ^     , 


'M 


V/z^  Difference 

The  loi  zone  will  therefore  be  1/3  of  the  distance  be- 
tween Wayne  Junction  and  Xicetown  from  Wayne  Junction. 

The  following  commutation  ticket  rate  was  used  to  plat 
the  fare  zone  maps  of:  Philadelphia,  60  trip;  Xew  York,  60 
trip :  Boston,  12  trip ;  Chicago.  60  or  54  trip. 

The  data  for  the  steam  railroad  time  zones  were  obtained 
from  the  various  time  tables.  The  time  platted  was  that  of 
the  third  fastest  train,  outbound.  The  time  elapsed  from  the 
terminal  to  any  particular  station  for  every  train  was  calcu- 
lated and  that  of  the  third  fastest  used.  In  case  there  were 
only  two  different  times,  the  slower  train  was  used.  The  fol- 
lowing calculations  will  serve  to  illustrate  the  method  used. 
Time  between  Philadelphia  (Market  street  ferries) — and 
Pennsgrove : — 

I'enns^ove   ..    S':32  A.  M.   10:13      1:04  P.M.   4:07   6:03   7:37 
I'hiladelphia    .   7:04  S:52   11:30  2:30   4:44   6:04 


Elapsed    Tim 


fl:2 

1      8; 


1:21 

SI 


1:34 
94 


1:37   1:19   1 :33  Hrs.  J:  Min. 
97        79       93  Minutes 


.\rranged  according  to  time  elapsed,  we  have  79,  81,  S8. 
93,  94  and  97,  from  which  we  see  that  the  8:32  .\.M.— 88  min- 
utes elapsed  time — is  the  third  fastest  train.  Pennsgrove 
would  therefore  be  an  88  minute  point.  In  order  to  obtain 
contours  at  10  minute  intervals  beginning  with  the  10  minute 
contour,  these  points  had  to  be  found  by  interpolation  as  in 
the  case  of  the  steam  fare. 

7 — Electric  Railway  Fare  Zones,  Fare  .\rea  and  Time 

Zones. 

a — The  fare  zones  tracing  was  also  platted  directly  over  the 
base  map.  The  data  used  were  obta'ned  from  the  various 
operating  companies  as  far  as  possible.  Information  which 
was  not  obtainable  in  this  way  was  taken  from  trolley  guides 
for  the  various  cities.  The  fare  points  as  platted  represent 
the  most  distant  points  which  can  be  reached  from  City  Hall 
for  each  unit  fare  of  five  cents  and  every  additional  five  cent 
unit.  The  fare  points  also  show  the  least  expensive  route  to 
an  objective  point  when  there  are  two  or  more  such  routes. 
In  the  case  of  Philadelphia,  a  three  cent  ferry  fare  is  in- 
cluded in  the  cost  of  reaching  Jersey  points.  In  Boston,  the 
fare  units  vary  from  five  to  eight  cents,  so  that  the  zones  are 
not  at  every  five  cent  interval. 

For  Philadelphia  only  a  fare  area  m.ap  was  made.  This 
map  assumes  a  walking  area  tributary  to  the  suburban  lines 
of  three-fourths  of  a  mile  in  width  which  is  equivalent  to  15 
minutes  at  an  assumed  walking  speed  of  three  m.  p.  h. 

b — The  time  zones  map  was  platted  from  the  running  time 
between  various  points,  from  company  schedules  and  a'so 
from  trolley  guides.  The  zones  show  the  Quickest  way  to 
reach  any  place  on  the  various  lines  from  the  City  Hall  or  the 
zone  of  origin.  For  Philadelphia,  the  zone  of  origin  extended 
along  Market  street  from  Broad  to  Eighth  streets,  and   on 
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Broad  street  from  Arch  to  Walnut  strcct.s.  The  time,  there- 
fore, to  any  place  is  that  from  the  nearest  point  on  the  origin 
to  the  place  in  question.  For  New  York,  the  origin  zone  is 
represented  hy  the  area  or  part  of  Manhattan  south  of  Forty- 
second  street  and  hounded  hy  the  Hudson  and  East  Rivers. 
In  Boston.  City  Hall  was  taken  as  the  orisin,  while  in  the 
case  of  Chicago,  Union  Loop  bounded  the  origin  zone. 

The  time  zone  map  does  not  allow  walking  time  except- 
ing that  necessary  for  changing  cars,  and  is  therefore  a  point- 
to-point  zone  map.  The  differentials  allowed  for  these  short 
walks  and  waits  for  cars  in  Philadelphia  are  as  follows : 

DitltTi-nti.il 

Location  in  Minute's 

69lh    Street     3 

Anpora    (  Haltitnore    Avenue; 1  5 

Darby    («th   and    .Main) '.  i' 

Chestnut    Hill     I'ark 1 

Chestnut    Hill    City    Line 1 

Wissahickon    ( Itulgc   Ave.    and    Sumac) 4 

Willow    Grove    1 

Frankfkord    ."  [ .  1 

.  i-'or   Chester — via   So.    I'a.   'rractioti   Co r» 

Media     )  For  Chester — via  P.   It.  T.  Co 1      and  5 

(  For  Glen   Riddk — via  So.   Pa.  Traction  Co    1 

n\.«t„,      I  For  Media — via    So.    Pa.    Traction   Co 5 

Lliester     |  y^^   Media— via    P.    K.   T.   Co 1.5  and  5 

At    Parker  ami   Halto   Ave.    for  Metlii 7.5 

(    For  Pottstown   or  Lansdale S 

Norristown  \     ^or    Swedeland      5 

1     For    Conshohocken     S 

V    For   Chestnut    Hill    S 

Ti-ooper — For    Skippack 5 

PoquessinK    Creek — For    Uoylestown .5 

Bristol — For    Doyle.stown    5 

Ciiii.leii  i   Market   St.   Ferries    16 

laniuen  |  ^.^,^.^^^^^  gj   p^^j^^  2^ 

The  zones  for  Philadelphia,  New  York  and  Boston  are 
the  result  of  rapid  transit  and  surface  riding,  while  those  for 
Chicago  are  only  for  rapid  transit  riding. 

8 — Rapid  Transit  Systems. 

The  rapid  transit  system  tracings  show  both  the  present 
lines  and  those  either  under  construction  or  proposed.  The 
present  routes  are  shown  by  solid  lines,  and  the  proposed 
routes  by  dash  lines.  The  systems  were  first  platted  on  the 
larger  scale  maps  and  later  to  the  geological  scale. 

Check  on  Work — The  information  as  finall\- 
worked  up  was  checked  not  only  several  times  by  dif- 
ferent men,  but  was  also  sent  for  verification  to  the 
cities  whose  statistics  have  been  used. 

The  Philadelphia  information,  except  in  one  or 
two  minor  cases,  was  supplied  by  the  various  com- 
panies on  request.  This  information  included  data  as 
to  routes,  rates  of  fare,  running  times,  operating 
schedules,  etc.  The  platting  was  done  by  different 
men  and  was  checked  several  times. 

CENTER  OF  POPUL.^TION   OR  MEDIAN   POPULATION   POINT 
OF  PHILADELPHIA 

In  finding  the  median  population  point  of  Phila- 
delphia, a  copy  of  the  spot  map  with  traffic  sections. 
on  a  scale  of  one-half  mile  to  the  inch,  was  used.  On 
this  map  the  population  in  each  such  section  was  noted. 
The  population  figures  used  were  those  of  the  1910 
census  report,  revised  to  July  i,  1912,  so  that  the  Me- 
dian Point  is  located  as  of  Julv  ist,  1912. 

The  locating  of  the  Median  Point  was  divided  into 
two  operations : — 

I — Platting  the  north  and  south  line  which  would  divide 

the  population  equally. 
2 — Platting   the  east   and    west   line   whicli    would    divide 

the  popidation  equally. 

The  intersection  of  these  two  lines  is  the  median 
population  point. 

The  north  and  south  dividing  line  was  assumed 
to  fall  within  the  column  of  traffic  squares  centered 
on  Broad  Street  and  bounded  by  Eighth  Street  on 
the  cast  and  Twentieth   Street    on    the    west.      (See 


Fig.  5.)  Totals  were  then  made  of  the  population  in 
the  traffic  squares  east  of  this  column  ,in  those  west 
of  the  column  and  of  those  in  the  column  itself. 
Total  population  in  traffic  squares  east  of  column...  588700 
Total  population  in  traffic  squares  west  of  column...  625500 
Total  population  in  traffic  squares  in  the  column 409000 


Total I  623  200 

From  these  figures  it  can  be  seen  that  the  line 
would  fall  within  the  column.  As  there  were  409  000 
population  inside  the  column,  the  north  and  south 
median  line  should  be  one  which  divided  this  409  000 
so  as  to  place  222900  east  and  186  100  west  of  the 
line.  To  locate  this  line,  the  column  was  subdivided 
into  strips  parallel  to  the  line,  the  spots  counted  in 
each  strip  and  new  approximate  locations  calculated, 
each  closer  to  the  true  one,  until  the  line  was  finally 
located  in  Fifteenth  .Street. 

By  a  similar  process,  the  east  and  west  line  was 
found  to  lie  slightly  above  Mt.  Vernon  Street.  There- 
fore, the  location  of  the  median  population  point  would 
be  approximately  Fifteenth  and  Mt.  Vernon  Streets. 

CENTER  OF  GRAVITY  OF  POPULATION  OF  PHILADELPHIA 

To  find  this,  a  copy  of  the  spot  map  on  a  scale  of 
one-half  mile  to  the  inch  was  used.  On  this  map  the 
city  was  subdivided  into  122  traffic  squares  or  fractions 
of  squares  and  the  population  in  each  such  division 
noted.  The  population  figures  used  were  those  of  the 
1910  census  report  revised  to  July  i,  1912,  so  that 
the  center  of  gravity  is  of  date  July  i,  1912. 

The  center  of  gravity  was  obtained  as  follows : — 

X  =  distance  above  east  and  west   base  line. 

y  ^  distance  east  of  north  and  south  base  line. 

11  ~  summation  of  moments  lo  the  north  of  east  and  west  base  line. 

s  rz  summation  of  moments  to  the  south  of  east  and  west  base  line. 

e  —  summation  of  moments  to  the  east  of  north  and  south  base  line. 

w  ^i  summation  of  moments  to  the  west  of  north  and  south  base  line. 

p  ^  total  population. 

Then  ,x   —    (n — s)   ~  p  and  y  ==    (e — \v)  ^-  p. 

The  east  and  west  base  line  was  assumed  along 
Callowhill  Street,  and  the  north  and  south  base  line 
along  Twentieth  Street. 

The  moments  of  the  population  in  each  traffic  sec- 
tion or  the  population  in  each  traffic  section  (consid- 
ered acting  from  its  center  of  gravity),  multiplied  by 
its  distance  from  each  axis,  were  then  computed  and 
listed  as  in  Table  XXIV. 

TABLE  XSIV — MOMENTS   OF  POPULATION  BY  DISTRICTS. 


Popu- 
Section   lation 

Horizontal  Axis             |               Vertical  Axis 

Distance         + 
in  Miles    Moments 

—         Distance 
Moments   in  Miles 

Moments  i  Moments 

15  .56  700 
21       .54  too 
26        46  20U 

16  19  900 

0.5           28  350 
1.5           81  150 
2.5         115  500 
—0.5 

1 

1 

0.5 

0.5 

0.5 

9  950      — 0.5 

2SS50 
27  050 
23  100 

9  950 

The  moment  columns  were  totaled  and  entered  in 
the  formulae  and  the  ordinates  of  the  center  of  gravity 
computed. 


Distance  above  east  and  west  base  line 
Distance  east  of  north  and  south  base  line 


^0.855  miles 
=  0.242  miles 


Upon  platting  these  ordinates  the  center  of  grav- 
ity was  found  to  fall  approximately  150  feet  west  of 
Eighteenth  St.  and  300  feet  north  of  Girard  Ave., 
or  approximately  at  Eighteenth  St.  and  Girard  Ave. 


Efficiency  of  Railway  Sub-Stations 

L.  P.  Crecelius 

Superintendent  of  Power, 

The  Cleveland  Railway  Company 

THE  EFFICIENCY  of  the  electrical  apparatus  Due  to  the  iiece>.',ity  of  getting  machines  on  the 

used  in  railway  sub-stations  is  usually  fairly  line  before  the    load    has    increased,    and    of    leaving 

high  as  determined  by  test  reports  secured  them  on  until  after  the  load  has  decreased,  it  is  prac- 

while  the  machinery  is  operating  upon  the  test  floor  tically  impossible  to  operate  the  equipment  on  a  sys- 

<if  the  manufacturer,  but  when  placed  in  operation  tem  having  peak  loads  so  as  to  average  better  than 


upon  a  railway  system  it  is  surprising  to  note  how 
far  below  the  mark  the  overall  efficiency  of  the  sub- 
station frecjuently  falls.  It  is  not  uncommon  to  find 
that  the  conversion  losses  run  as  heavy  as  25  per- 
cent. It  is  therefore  extremely  important  that  sub- 
station apparatus  should  be  properly  proportioned 
and  carefully  operated  so  as  to  show  a  close  agree- 
ment between  theoretical  and  actual  efficiency  over 
a  prolonged  period,  and  this  condition  is  possible  of 
attainment  if  sufficient  care  is  exercised.  As  an  ex- 
ample, detail  figures  of  the  efficiency  of  the  appara- 


full  load  per  machine.  Therefore,  according  to  the 
test  data  given  in  Tables  I  and  II,  the  lowest  possible 
resulting  losses  in  the  stations  on  this  basis  would 
be:— 

Transformers  1.3%  of  4518  6T0  kw-hrs.  =    58742  kw-hrs 

niowers  0..^%  of  4  4.59  868  kw-hrs.  =    2"?  2!l9  kw-hrs 

Conveners  5.0 ''^  of  4  437  669  kwhrs.  =  221  NTS  kw-hrs 

Cables,  leads,  etc.  0.4%  of  4  215  691  kw-hrs.  ^    16862  kw-hr.s. 
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Totalloss 319  781  kw-hrs. 

Ratio  .■U9  7S1  --4  518  610  =  0.07075  or  7.075  percent. 

The  difference  therefore  between  the  theoretical 
and  actual  loss  of  power  in  these  stations  is  8.07  — 
7-075  =  0.995  percent,  to  vvdiich  must  be  charged 
such  unavoidable  losses  as  the  starting  of  the  ma- 

TABLE  I— EFFICIENCY  OF  1  o(  0  KW,  60  CYCLE,  600  VOLT 
ROTARY  CONVERTERS 


Percent  Full  Load 


Percent  Efficiencv 


.50 

91.8 

75 

!'4.0 

100 

95.0 

125 

93.5 

160 

95.6 

TABLE  II— EFFICIENCY  OF  60  CYCLE,  11  000  VOLT 
SINGLE-PHASE  TRANSFORMERS 


Percent  Full  Load 


Percent  Efficienc\ 


50 

75 

100 

125 


FIG.    I — LOAD   CURVE  OF  CLEVF.LAND   RAILWAY  COMPANY 

The  full  line  indicates  the  actual  load  of  the  station  and 
the  dotted  lines  the  capacity  of  the  apparatus  in  operation. 


chines  and  the  difficulty  of  getting  the  station  opera- 
tors to  exercise  the  utmost  care  in  getting  the  ap- 
paratus on  and  off  the  line  promptly. 

The  most  important  factor  contributing  to  high 
sub-station  efficiency  is  obviously  the  use  of  eco- 
tus  both  as  found  by  test  and  in  regular  operation  in  nomical  equipment.  The  stations  above  discussed 
the  sub-station  of  The  Cleveland  Railway  Company  therefore  have  an  advantage  in  this  respect  because 
are  included  below.  The  apparatus  comprising  this  of  the  fact  that  rotary  converters  are  used  in  place  of 
equipment  was  carefully  designed  from  the  stand-  motor-generator  sets.  In  addition  the  design  of  the 
points  of  ruggedness  and  economy.*  equipment   included   excess   active   materials  above 

The  power  input   to  the   four  sub-stations   for      that  used  in  standard  equipment, 
the  month  of  July,  1914,  was  4  518  610  kw-hrs.  alter-  Second  in  importance  is  the  matter  of  the  size 

nating  current,  whereas  the  power  output  as  meas-  of  the  units;  unless  the  capacitv  of  the  units  be  kept 
ured  at  the  direct-current  bus-bars  for  the  same  to  a  point  which  pennits  of  flexibility  in  o-ettino-  the 
period  was  4  154  120  kw-hrs.  The  conversion  loss  machines  in  and  out  of  the  circuit  to  follow  load 
therefore  is  364  490  kw-hrs.,  which  is  8.07  percent  of  changes  closely  it  is  quite  obvious  that  most  of  the 
the  power  input.  advantages  of  highly  efficient  equipment  are  lost. 

Third  in  importance  is  good  operation.    By  this 

*For  details   of  this   equipment   see   a   paper   by   the      is  meant  careful   attention  to  maintaining  the  apoar- 
writer   in    the    Proceedings   of   the   .'"Lmerican    Institute    of         .  ...  .      ^  ,  ...  .... 

Electrical  Engineers  for  March,  1914.  ^'"s  a'  <i"  '"lies  in  hrst-class  condition,  and  the  drill- 
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ing  of  the  operators  to  exercise  the  utmost  vigilance 
in  regard  to  loading.  For  this  purpose  it  has  been 
found  profitable  to  have  the  station  operators  draw 
the  load  diagram  illustrated  in  h'ig.  i,  containing  in 
dotted  lines  the  capacity  of  units  in  the  circuit  at  an> 
time  with  reference  to  the  load.  The  operators  are 
carefully  instructed  in  the  preparation  of  these  curves 
and  in  their  significance.  On  the  reverse  side  of  the 
load  diagrams  arc  blanks  for  hourly  readings  of  tlie 
watt-hour  meters  which  register  the  input  to  the  sta- 
tion from  each  feeder,  and  the  output  from  each  con- 


\erter  to  the  direct-current  bus-ljars,  with  a  summary 
in  the  form  of  total  kilowatt-hours  per  hour  and  per 
day.  The  operators  are  obliged  to  fill  in  the-^e  ijlanks, 
the  object  being  to  keep  them  continually  occupied 
with  such  details  in  order  to  hold  their  attenti'jn  to  the 
switchboard. 

That  such  details  as  discussed  in  the  case  above 
are  important  and  justifiable  may  be  better  under- 
stood ]KM-haps  by  the  explanation  that  a  difference 
of  one  percent  in  efficiency  is  worth  S3  800  per  an- 
num in  the  amount  of  power  involved. 


Recent  Developments  in  Railway  Motor  Gearing 


A 


W.    L.   Allen 
Commercial   Engineer, 
R.  D.  Nuttall  Company 

MONG  the  new  problems  which  came  up  with  changes  in  the  analysis  of  the  steel  used,  and  were 
the  introduction  of  electric  railway  service  very  crude  as  compared  with  the  present  day  methods, 
was  the  development  of  efficient  motor  gears      but  were  a  decided  improvement  over  the  untempered 


and  pinions.  The  materials  available  for  the  manu- 
facture of  these  gears  and  pinions  were  cast  and  mal- 
leable iron  for  the  gears,  raw-hide  and  machinery 
steel  for  the  pinions.  At  first,  about  an  equal  num- 
ber of  raw-hide  and  steel  pinions  was  used,  most  of 
the  gearing  being  of  the  cast  iron  grade.  It  soon  de- 
veloped that  the   raw-hide   pinion,   while   tending  to- 


material.  In  the  making  of  the  early  cast  steel  gears, 
little  attention  was  paid  to  the  designing  of  a  gear 
that  would  lend  itself  to  economical  manufacture 
from  the  standpoint  of  ease  in  molding  and  casting, 
with  the  result  that  perhaps  20  to  30  percent  of  all 
the  cast  steel  blanks,  from  which  gears  were  manu- 
factured, were  rejected  on  account  of  blow-holes,  and 


ward  quiet  operation,  was  not  so  economical  as  the  a  great  many  gears  failed  in  service  due  to  undetected 
machinery  steel  pinion,  with  the  result  that  the  raw-  blow-holes  as  well  as  inherent  defects  such  as  internal 
hide  was  quickly  eliminated.     Malleable  iron  gearing      strains  which  were  set  up  in  casting  due  to  the  shrink- 


^-w^*-* , 


FIG.    I — .^N    EXAMPLE   OF    OLD-STYLE    GEAR 

with  the  toughness  characteristic  of  malleable  iron 
was  found  to  be  more  economical  than  ordinary  cast 
iron  gearing,  but  it  was  not  long  before  the  gear 
manufacturers,  in  their  investigation  and  research, 
found  that  a  cast  steel  gear  was  practical,  which  be- 
ing harder  and  of  greater  strength,  produced  more 
mileage  than  either  a  cast  iron  or  malleable  iron  ma- 
terial. 

About  twelve  years  ago,  the  most  progressive  gear 
manufacturers  made  experiments  along  the  lines  of  the 
tempering  of  machinery  steel  pinions  with  a  view 
toward  increasing  their  strength  and  life.  The  early 
experiments  in  this  tempering  were  made  without  any 


FIG.   2 — NEW   SI.X-SPOKE  GEAR 

age  effect.  The  next  step  in  the  development  of  cast 
steel  gearing,  therefore,  was  along  the  line  01  chang- 
ing the  designs  to  meet  the  conditions. 

In  casting  a  steel  gear,  its  contour  should  be  such 
as  to  eliminate  sharp  angles  and  abrupt  changes  in 
thickness  of  section  in  order  that  the  inherent  defects 
abo\-e  referred  to  can  be  minimized.  In  Fig.  I  is 
sh.own  one  of  the  old  style  cast  steel  gears  which  was 
very  heavy  and  which  was  very  poorly  adapted  to 
efficient  as  well  as  economical  manufacture,  com- 
pared with  the  more  modern  design  of  cast  steel  gear- 
ing shown  in  Fig.  2.  The  ditYerence  between  these 
designs  lies  largely  in  the  fact  that  in  the  more  modern 
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type,  which  is  a  six-spoke  style,  such  shrinkage  holes 
as  may  exist  will  be  located  safely  below  the  base  of 
the  teeth.  This  is  due  to  the  fact  that  these  holes  will 
generally  come  at  the  center  of  gravity  of  each  sec- 
tion, which  in  the  old  style  design,  frequently  resulted 
in  these  defects  occurring  at  or  above  the  base  of  the 
teeth,  thereby  reducing  their  strength  very  materially. 
In  the  more  modern  design,  all  corners  have  generous 
fillets  and  there  are  no  abrupt  changes  in  direction  or 
section,  the  shape  and  area  of  the  spokes  permitting 
rapid  and  uniform  flow  of  the  metal  while  casting, 
thus  making  it  possible  to  produce  solid  and  uniform 
metal  throughout  the  gear. 

While  this  more  modern  design  of  cast  steel 
gearing  is  stronger  and  more  eflicient,  as  well  as  5  to 
10  percent  lighter  than  the  old  style,  great  need  for 
even  a  more  efticient  and  economical  material  has  de- 
veloped through  the  increase  in  the  severity  of 
present  day  operating  service.  By  that  is  meant  the 
increase  in  the  schedule,  as  well  as  weight  of  cars, 
which  in  turn  necessitate  increase  in  the  size  and 
horse-power  of  motors.     These  changes  tend  to   re- 


FIG.   3 — FORGED   CE.\R    BL.\NK 

quire  more  space  for  the  larger  and  more  powerful 
motors,  thereby  restricting  the  available  space  for  the 
gear. 

The  manufacturers  of  forged  and  rolled  steel 
wheels,  being  convinced  by  the  gear  makers  of  the 
necessity  for  a  better  material  for  motor  gearing,  de- 
veloped what  is  known  as  the  forged  steel  gear  blank 
made  in  very  much  the  same  manner  as  steel  wheels. 
The  gear  manufacturers  obtain  these  forged  or  rolled 
blanks  in  the  same  shape  as  they  previously  obtained 
the  cast  steel  blanks,  machining  and  cutting  this  ma- 
terial in  very  much  the  same  way.  The  blank  and  the 
finished  gear  are  shown  in  Figs.  3  and  4.  The  forged  or 
rolled  steel  gear  overcomes  such  inherent  defects  as 
were  found  in  cast  steel  gears,  the  blank  being  made 
from  a  high  grade  hearth  steel  and  pressed  or  rolled 
into  the  required  form  at  a  red  heat  in  special  ma- 
chines designed  for  this  work. 

The  first  forged  steel  gears  put  in  service  verv 
soon  showed  that  previous  failures  due  to  the  inherent 
defects  found  in  the  cast  steel  gear  were  minimized 
and  also  brought  out  the  fact  that  considerably  in- 
creased life  could  be  obtained  from  the  forged  steel 


material  over  the  cast  steel,  this  increase  ranging  from 
20  to  40  percent.  As  the  forged  steel  gear  could  not 
be  made  economically  in  the  split  style,  it  was  neces- 
sary' for  the  operator  who  wished  to  gain  the  ad- 
vantages inherent  in  the  forged  gear  to  use  the  solid 
gear,  with  the  result  that,  at  the  present  time,  most  of 
the  large  railway  properties  are  now  operating  with 
solid  style  gearing.  Further  developments,  through 
which  the  life  of  the  forged  gear  has  been  still  more 
increased,  have  weakened  the  argument  for  the  use 
of  split  gears.  By  that  is  meant  that  the  life  of  the 
higher  grades  of  forged  gearing  (which  will  be  dis- 
cussed later)  is  such  as  to  minimize  the  necessity  of 
removing  the  gears.  The  only  advantage  of  the  split 
gear  over  the  solid  gear  is  the  ease  of  installation  and 
renewal,  and  the  long  lifed  solid  gear  entirely  offsets 
this  advantage,  except  for  the  small  operator  whose 
shop  equipment  cannot  handle  solid  gears. 

All  of  these  changes  effected  through  investiga- 
tion and  research  led  the  operator  to  observe  the  re- 
sults which  he  was  obtaining  from  the  respective 
qualities  of  the  gearing  and  to  realize  the  importance 


FIG.  4— Ji.N;illl.D   FORCED   GE.\R 

of  close  cooperation  with  the  manufacturers  who  in 
turn  were  continually  working  to  produce  a  gear  and 
pinion  wdiich  would  give  greater  life  with  no  breakage. 
About  the  time  it  was  determined  that  the  forged  steel 
gear  would  eliminate  such  of  the  previous  breakages 
as  were  due  to  defective  castings,  the  manufacturer 
began  his  experiments  with  the  heat  treatment  or  tem- 
pering of  this  material.  Through  his  original  experi- 
ments in  the  heat  treatment  of  pinions,  he  leame  1 
that  heat  treatment  was  not  a  simple  operation,  but 
brought  into  the  manufacture  of  motor  gearing  vari- 
ables which  made  the  problem  very  complicated.  It 
was  found  that  for  any  given  service  the  life  of  the 
gear  or  pinion  was  largely  dependent  upon  the  hard- 
ness of  the  material  on  the  wearing  surface,  as  well 
as  the  strength  and  toughness.  The  more  deeply  the 
investigation  into  the  heat  treatment,  the  stronger  was 
the  realization  that  the  first  step  in  the  manufacture 
of  high  grade  gearing  was  the  proper  selection  of 
material  from  the  standpoint  of  chemical  analysis,  and 
the  present  progress  of  motor  gearing  is  largely  con- 
trolled by  this  selection  of  materials  and  the  appro- 
priate heat  treatment  of  same. 
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The  first  experiments  in  heat  treatment  were  with 
the  oil  tempering  of  machinery  steel  pinions,  and  it 
was  natural  that  continued  experiments  should  be 
along  the  lines  of  oil  tempering.  The  machinery  steel 
from  which  the  original  pinions  were  manufactured 
was  of  medium  carbon  and  it  was  thought,  by  the  use 
of  the  higher  carbon  and  oil  tempering,  that  a  very 
much  harder  wearing  surface  combined  with  strength 
and  ductility  could  be  obtained.  While  some  of  the 
initial  product  developed  some  troubles,  the  ultimate 
result  was  the  production  of  gears  and  ])ini:>ns  hav- 
ing considerablv  more  life  than  the  untreated  stock 
or  the  oil-tempered  medium  carbon  steel. 

Through  the  heat  treatment  of  gearing  was 
brought  out  the  fact  that  hardness  of  the  surface  was 
largely  dependent  upon  the  amount  of  carbon  in  the 
steel  and  the    various    gear    manufacturers    through 


carbon  content  of  the  surface  is  increased  from  low 
carbon  to  high  carbon.  The  longer  this  operation  is 
carried  on,  the  greater  this  carbon  penetration.  For 
example,  if  this  operation  is  carried  on  for  12  hours, 
the  depth  of  carbonizing  may  be  approximately  1/16 
inch,  depending  upon  the  carbonizer  used  and  the  tem- 
perature at  which  the  operation  is  carried  on,  while 
if  the  operation  extends  over  24  hours,  its  depth  of 
carbonizing  may  be  approximately  )/%  inch.  The  re- 
sultant product  after  carbonizing  is  a  gear  or  pinion 
with  the  high  carbon  surface  and  the  low  carbon  cen- 
ter or  core  which  can.  through  proper  heat  treatment, 
be  made  very  hard  on  the  surface  and  very  tough  in 
the  center. 

The  manufacture  of  case  hardened  gearing  is  of 
necessity  very  costly  and  its  introduction  was,  there- 
fore, very  slow  until  the  operator  found  that  by  the 


FIG.  5 — CASE  HARDENED  GEAR  TOOTH, 
SHOWING    DEPTH    OF   CASE  AND   CORE 


FIi;.     6 — EXAMPLE    OF    PROPER    HEAT 
TKKATMENT  OF  CARBONIZED  TOOTH 


FIC.  7 — EXAMPLE  OF  IMPROPER 
HEAT  TREATMENT  OF  CARBONIZED 
TOOTH 


FIG.  8 — OIL  TEMPERED — PRESENT 
PRODUCT 


FIG.   9 — C.\SE  HARDENED — PRESENT 
PRODUCT 


FIG.    10 —  'BP   GRADE- 
PRODUCT 


their  investigation  found  that  a  gear  could  be  pro- 
duced with  a  high  carbon  surface  and  a  low  carbon 
core  or  center,  which  was  termed  "Case  Hardened 
Gearing."  The  case  hardening  of  steel  has  been 
known  for  a  great  many  years,  and  the  gear  and  pinion 
manufacturers  therefore  followed  along  the  lines  prac- 
ticed by  other  industries  in  the  past.  Case  hardening 
comprises  two  distinct  operations ;  namely,  carboniz- 
ing and  heat  treatment.  The  gear  or  pinion  to  be  car- 
bonized is  machined  from  a  low  carbon  blank  and  is 
packed  in  an  air  tight  box  with  some  carbonaceous 
material,  such  as  charcoal,  bone  dust,  etc.,  and  heated 
in  the  furnace  to  a  temperature  ranging  from  i  600 
to  2  000  degrees  F.,  depending  upon  the  carbonizer 
used.  The  steel,  having  great  afifinity  for  carbon,  ab- 
sorbs carbon  from  the  carbonaceous  material  and  the 


use  of  this  higher  priced  material  he  could  obtain  from 
three  to  five  times  the  life  of  the  untreated  stock.  In 
a  great  many  cases  this  material  proved  so  satisfactory 
that  changes  were  made  from  the  untreated  gearing 
to  case  hardened  gearing  without  any  consideration 
or  trial  of  intermediate  grades.  The  gear  manufac- 
turer, finding  that  the  operator  could  be  prevailed  upon 
to  buy  the  higher  grade  of  gear,  spent  a  great  deal  of 
time  and  money  in  the  development  of  this  grade  of 
material  to  its  highest  possible  efficiency.  This  devel- 
opment and  investigation  brought  out  the  fact  that 
not  only  was  the  life  of  gearing  dependent  upon  its 
surface  hardness  and  strength,  but  also  that  the  re- 
finement and  density  of  the  structure  of  the  steel  had  a 
considerable  bearing  on  the  results  produced.  It  was 
found   that  this   refinement   of  structure,  as  well  as 
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hardness  and  strength,  could  be  controlled  through 
heat  treatment  and  that  the  most  efficient  material 
could  only  be  produced  through  a  very  accurate  and 
uniform  heat  treatment.  The  variations  in  hardness, 
as  well  as  strength  and  refinement  of  structure  through 
heat  treatment,  can  be  understood  from  the  photo- 
grai>lis  shown  in  lig>.  5,  0  and  7.  The  carbonizing 
may  take  24  hours  and  even  30  hours,  while  the  heat 
treatment  of  the  carbonized  gearing  may  necessitate 
heating  and  quenching  two  or  three  times. 

While  case  hardened  gearing  will  undoubtedly 
give  greater  mileage  than  other  grades,  its  cost  makes 
this  grade  uneconomical  for  the  majority  of  services. 
For  example,  the  application  of  the  case  hardened 
gear  in  service  where  the  life  will  be  10  or  15  years, 
makes  the  ultimate  cost  of  this  gear  extremely  high 
when  the  interest  on  the  investment  is  considered.  The 
gear  manufacturer  has  done  everything  possible  to 
lower  the  cost  of  the  producing  of  this  grade  of  ma- 


TABLE  I-PHYSICAL  CHARACTERIS 

TICS  OF  VARIOLS 

GRADfcS  OF  GEARS 

1 

Life 

Relative 

Average  phj 

sical  properiies 

Grade 

1 

0 

I 

a 

II 

Tensile 
Strength 

S3 

Unlrcated 
ca^-t  steel 

100 

1.00' 

1.00 

140 

70  000 

35  000,    22    ^    28    1 

t-^ntreatcd 
forged  steel 

1.25 

1.0.3 

1.0.'< 

l.'iO 

75  0CO 

40  000 

22    !    3S 

oil  tempered 
forged  steel, 
early  product 

2.0(1 

1.30 

1.7.5 

202 

HO  000 

5)  000 

17         35 

Oil  tempered 
forged  steel, 
present  product 

2..» 

1.35 

225 

310 

1?0  000 

Sn  000 

12         30 

Case  hardened 
early  product 

4.00 

l.SO 

3.50 

.555 

Imprac 

tical  to  obtain  test. 

Case  hardened 
present  product 

.i.llO 

2.00 

4.0'.) 

000 

Impractical  to  .il>t!>in  test. 

BP  grade 

350 

1.45 

565 

130  000 

SO  000     la        35 

Relative  cost  estimated  from  K.mpiliition  of  market  prices.  Relative 
life  estimated  from  compilation  of  service  le»U>  of  respective  grades.  Sur- 
face hiudiiess  was  determined  by  the  Urinell  testing  machine  and  repre- 
sents the  surfactf  hardness  only.  Physical  properties  were  obtained  from 
a  pullii;g  test  piece  machined  from  tlte  gear  or  pinion  at  the  base  of  the 
tooth;  representing  the  true  strength  of  the  teeth  of  the  gc;n-  being  tested. 

terial,  but  there  are  limitations  to  which  cost  cutting 
can  be  carried  owing  to  the  fact  that,  unless  the  car- 
bonizing and  the  heat  treatment  is  properly  done,  the 
case  hardened  gear  is  unsafe  and  unreliable,  as  a  slight 
variation  in  the  temperatures  at  which  the  operations 
are  carried  on  may  produce  either  a  brittle  gear  which 
will  break  in  service,  or  a  soft  gear  which  will  de- 
velop poor  mileage. 

While  the  case  hardened  gearing  was  found  to 
be  more  economical  than  the  majority  of  oil  tempered 
gears,  operators  were  continually  bringing  out  the  fact 
th.-'.t  its  high  cost  made  the  ultimate  ecomomy  of  its  use 
questionable,  and  the  manufacturer,  therefore,  began 
making  experiments  toward  the  development  of  a  ma- 
terial better  than  the  oil  tempered  stock  which  could 
be  produced  for  less  money  than  through  case  harden- 
ing. Through  the  help  secured  from  the  operating 
man  in  the  matter  of  testing  out  of  different  experi- 


mental grades,  the  company  with  which  the  writer  is 
connected  was  finally  able  to  develop  a  grade  of  gear- 
ing which  has  every  indication  of  satisfying  the  needs 
of  the  railway  service  of  to-day.  This  material  is  pro- 
duced by  the  heating  of  a  gear  or  pinion  in  a  special 
furnace  designed  for  this  work  and  then  quenching 
in  such  solutions  as  will  produce  a  material  having  a 
surface  hardness  which  is  practically  the  same  as  case 
hardened  gearing,  but  the  cost  of  production  of  which 
is  very  much  less.  This  is  known  as  the  "BP"  grade 
and,  from  all  tests  so  far  conducted,  it  seems  to  be 
not  only  a  more  economical  material,  but  a  safer  grade 
of  gearing  than  even  the  oil  tempered  or  the  case 
hardened  stock.  The  most  noticeable  feature  of  this 
grade  is  the  fact  that,  while  it  has  practically  the  same 
surface  hardness  as  the  case  hardened  grade,  this 
hardness  gradualh-  tapers  off  toward  the  center  of  the 
teeth,  resulting  in  a  very  strong  and  tough  material, 
there  being  no  abrupt  change  between  the  hardness  of 
the  surface  and  the  hardness  of  the  center. 

There  are  very  few  places  wherein  this  material 
will  not  give  the  life  necessary  for  the  most  efficient 


TAin.E  11— COST  COMPARISON  BETWEEJi  VARIOUS  GRADES  OF 
GEARS. 


Items 


Cast  sleel    B.  P.  grade    Case  bardened 


I 


Initial  cost 

Compound  Interest  at  ti% — 3J^  yr. 
llK.^r 
1<i%  yr. 

Cost  of  installing 

Total  cost 


$12.50 
2.70 


Life  of  gear  in  miles 

Years  life  a'  30  000  mjle^  per  vr.... 
Cost  per  1  000  miles '.. 


1.00 

16.20 

ICO  000 

3H 

SU162 


S18.10 

"ii.'S" 
i"o6"' 

36.95 

350  000 
115^ 
10.105 


%&M 


41.20 
1.00 

67.20 

SObOrO 

16  54 

t0.134 


operation.  A  comparison  between  the  structures  of  the 
dilierent  materials  is  shown  in  Figs.  8,  9  and  10,  and 
in  Table  I  a  comparison  of  the  physical  properties  of 
the  different  grades. 

Table  II  is  g^ven  as  a  means  of  indicating  how 
to  make  a  comparison  between  the  different  grades.  It 
takes  into  account  the  average  cost  of  gearing  of  the 
respective  grades  and  an  estimated  life  calculated 
from  Table  I.  As  the  average  mileage  in  normal  city 
senice  is  about  30000  miles  a  year  and  the  life  of 
the  standard  cast  steel  gear  about  100  000  miles  in 
the  average  normal  city  service,  the  calculation  is 
based  on  this  assumption. 

The  above  analysis  indicates  the  economic  advant- 
age of  using  the  newer  gears.  There  are  also  other 
factors  to  be  considered,  such  as  the  relation  of  the 
life  of  gear  to  that  of  the  axle,  motor  and  other  parts 
of  the  equipment  wdiose  life  cannot  be  calculated  so 
closelv  as  gearing.  A  gear  with  a  considerably  greater 
normal  life  than  surrounding  parts  would,  of  course, 
not  be  desirable  and^the  life  of  the  newer  gears  seems 
to  be  nearer  an  average  than  the  case  hardened  gears. 


The  Waterloo,  Cedar  Falls  &  Northern  Railway 


W.  G.  Brooks 

Chicago  Office, 

Westinghouse  Electric  &  Mfg.  Company 


THE  WATERLOO,  Cedar  Falls  &  Northern 
Kaihvay  Company,  known  as  the  "Cedar  Valley 
Road,"  operates  a  system  of  electric  railway 
lines  through  the  Cedar  River  valley  from  W'averly 
on  the  north  to  Cedar  Rapids  on  the  south.  The  coun- 
try served  is  a  rich  agricultural  community  ranking 
with  the  best  in  Iowa.  The  cities  connected  are  pros- 
perous manufacturing  centers. 

Waterloo,  which  is  the  hub  of  the  system,  is  a 
progressive  city  of  35  000  population,  having  over  one 
hundred  factories.  In  this  city  the  company  operates 
a  freight  belt  line  which  connects  the  majority  of  the 
factories  with  its  own  interurban  lines  and  with  the 
steam  railroads.  The  Waterloo  local  street  car  service 
is  also  operated  by  this  company,  the  local  lines  radi- 
ating from  the  business  centers  to  the  factory  districts, 
suburbs  and  parks. 

Cedar  Falls,  a  city  of  10  000  people  ten  miles  west 
of  Waterloo,  is  the  terminus  of  the  first  interurban 
line  built  by  the  Cedar  \'alley  Road,  which  has  been 
in  operation  about  twenty  j-ears.  The  railway  com- 
pany operates  local  sers'ice  on  a  loop  connecting  the 
business  section  with  the  Iowa  State  Teachers'  Col- 
lege, all  interurban  and  local  cars  passing  a  terminal 
depot  located  in  the  center  of  the  business  district.  A 
separate  freight  depot,  where  car  load  freight  is  taken 
care  of,  is  located  close  to  the  business  section.  Forty- 
eight  passenger  trains  and  four  freight  trains  are  op- 
erated daily  between  Waterloo  and  Cedar  Falls. 

M'averly,  22  miles  from  Waterloo,  the  terminal 
of  the  northern  division,  is  also  a  factory  city  of  about 
6000  people.  This  line  serves  the  towns  of  Denver 
and  Glasgow,  which  are  trading  centers  for  prosper- 
ous farmers.  Intermediate  sidings  are  provided  where 
car  load  freight  is  unloaded  by  the  farmers  and  where 
grain  and  stock  is  loaded. 

Sixty  miles  of  line  has  just  been  completed  south 
of  Waterloo,  connecting  Waterloo  with  Cedar  Rapids. 
a  city  of  about  50000  population.  This  line  has  been 
in  operation  as  far  as  Center  Point  since  last  spring. 
The  territorj-  served  is  a  fertile  agricultural  district, 
and  several  medium  sized  cities  have  been  connected 
to  ^^'aterloo  and  Cedar  Rapids  by  the  opening  of  this 
line.  The  new  line  is  located  on  a  100  foot  private 
right-of-way  with  a  maximum  grade  of  one  percent 
and  a  maximum  curve  of  six  degrees  on  the  main  line, 
85  pound  steel  rails  being  supported  on  cedar  ties  and 
ballasted  with  gravel.  Each  of  the  main  stations  has 
a  2  000  foot  passing  track  with  industrial  tracks  lead- 
ing from  it.  Stock  j-ards,  and  in  most  cases  coal 
and  lumber  yards,  are  provided  near  the  stations,  and 
one  or  two  grain  elevators  have  been  erected.  All 
depot  buildings  are  built  of  brick  and  roofed  with  as- 


bestos shingles.  Where  sub-stations  are  located  the 
sub-station  and  depot  building  are  all  in  one. 

The  Cedar  Valley  road  was  the  pioneer  company 
to  compel  steam  roads  to  interchange  freight  with  in- 
terurban roads.  As  a  result,  70  percent  of  the  switch- 
ing from  the  steam  roads  in  Waterloo  at  the  present 
time  is  performed  by  the  Cedar  \alley  road,  since  the 
larger  factories  are  located  on  their  belt  line  around 
A\'aterloo.  The  same  service  will  be  rendered  in  Cedar 
Rapids,  but  the  belt  company  there  will  be  the  Cedar 
Rapids  Terminal  &  Transfer  Company,  which  will 
receive  freight  from  the  Waterloo,  Cedar  Falls  & 
Northern  road  and  from  all  the  steam  and  interurban 
roads  coming  into  Cedar  Rapids,  and  will  distribute 
this  freight  and  do  all  switching  wherever  possible. 
This  freight  transfer  will  allow  several  roads  entering 
Cedar  Rapids  to  enjoy  the  business  of  a  northern  ter- 
ritorj" from  which  they  have  been  unable  to  receive 
freight  heretofore.  In  other  words  this  60  miles  forms 
a  connecting  link  and  a  feeder  to  the  steam  roads  in 
Cedar  Rapids. 

This  company  not  only  handles  car  load  freight, 
but  has  also  inaugurated  a  unique  system  of  collect- 
ing freight  in  less  than  car  load  quantities.  As  prac- 
tically all  of  the  large  manufacturing  interests  in  W^a- 
terloo  are  located  along  their  line,  the  company  has  a 
flat  car  equipped  with  motors,  which  calls  at  certain 
definite  periods  to  secure  the  smaller  freight  ship- 
ments, which  are  conveyed  to  the  freight  house  of  the 
company  for  shipment.  This  company  is  thus  pro- 
viding to  the  manufacturing  interests  of  Waterloo  one 
of  the  highest  class  and  most  efficient  services  that 
can  be  provided  in  both  carload  and  less  than  carload 
shipments. 

Until  the  present  time  the  entire  system  has  been 
operated  with  a  trolley  voltage  of  650  volts,  the  sub- 
stations being  spaced  from  six  to  ten  miles  apart. 
When  the  new  line  from  Waterloo  to  Cedar  Rapids 
had  progressed  part  way,  the  freight  and  passenger 
business  had  grown  to  such  an  extent  that  it  was  found 
advisable  to  change  the  trolley  voltage  to  i  200  volts 
and  to  space  the  sub-stations  from  16  to  17  miles  apart. 
This  arrangement  will  give  better  average  trolley  volt- 
age, higher  sub-station  load  factors  and  lower  operat- 
ing costs  in  labor  and  maintenance.  The  new  i  200 
volt  sub-stations  will  be  located  at  Gilbertville,  Bran- 
don, Center  Point  and  Cedar  Rapids  Yards,  replacing 
the  650  volt  stations  at  Gilbertville,  La  Porte  City, 
Brandon,  Urbana  and  the  Center  Point,  and  the  pro- 
posed stations  at  Lafayette,  Louisa  and  Cedar  Rapids 
Yards.  Sub-stations  operating  at  650  volts  are  lo- 
cated on  the  old  lines  at  Cedar  Falls,  Glasgow, 
Denver   and   Mills.     Four   rotarv   converters   are   lo- 
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cated  at  the  power  house  in  West  Waterloo  and  two 
are  now  being  installed  at  the  company  shops  in  East 
Waterloo. 

On  the  line  between  Cedar  Rapids  and  \\  aterloo, 
which  will  very  shortly  be  converted  to  i  200  volts,  a 
high-sjieed.  limited  i>assenger  service  will  be  rendered 
by  four  combination  passenger  and  baggage  cars  and 
three  standard  parlor  cars.  The  cars  for  this  service 
weigh  90000  pounds  each  and  will  be  equipped  with 
four  120  horse-power  Westinghouse  motors.  The 
parlor  cars  resemble  those  of  the  steam  road  in  ever}^ 
detail  with  the  exception  that  they  are  equipped  with 
motors  and  will  run  in  train  with  a  combination  pas- 
senger car.  The  time  for  ()0  miles  between  Waterloo 
and  Cedar  Rapids  will  be  one  hour  and  45  minutes. 
The  local  passenger  service  between  these  cities  will 
be  performed  with  35  ton  motor  cars  equipped  with 
four  100  horse-power  Westinghouse  motors  and  pull- 
ing a  20  ton  trailer.  These  cars  will  make  the  run 
in  approximately  two  and  one-half  hours,  making  all 
stops.  The  freight  service  will  be  performed  by  five  60 
ton  locomotives  equipped  with  four  250  horse-power 


FIG.    I — MAP  OF  Ct;i).\R  V.\LLEY  RO.\D 

Westinghouse  motors,  which  will  make  the  run  be- 
tween Waterloo  and  Cedar  Rapids  in  three  hours.  The 
capacity  of  these  locomotives  is  800  tons  of  freight 
at  24  miles  per  hour.  Westinghouse  unit  switch 
control  will  be  employed  on  all  of  this  equipment. 
The  traffic  on  the  south  line  is  very  heavy  at  the  pres- 
ent time  and  is  expected  to  reach  the  limit  of  its  equip- 
ment very  shortly. 

The  power  house  and  all  the  sub-station  buildings 
ere  fire  proof.  Three-phase,  25  cycle  current  is  gen- 
erated at  2  300  volts  and  is  stepped  up  to  44000  volts 
for  transmission.  The  power  house  building  has  floor 
room  for  four  turbines  of  a  total  rated  capacity  of 
12  000  kilowatts ;  two  i  500  kw,  i  500  r.p.m.  machines 
being  now  in  ope'^ation.  A  50  kw,  120  volt  commutat- 
ing-pole  exciter  is  direct-connected  to  each  turbine  and 
an  engine-driven  exciter  is  used  as  an  auxiliary.  The 
switchboard  consists  of  27  panels,  including  blank 
panels  for  future  apparatus.  Two  sets  of  three  500 
k.v.a.  step-up  transformers  are  now  in  service  with 
floor  space  provided   for  two  more  sets.     All  high- 


tension  outgoing  oil  switches  are  remote  control  sole- 
rtoid-operated.  The  low-tension  wiring  is  placed  in 
conduit  and  the  high  tension  is  carried  on  pin-type  in- 
sulators mounted  on  pipe  frame-work.  Both  the  di- 
rect and  alternating-current  circuits  are  protected  with 
electrolytic  lightning  arresters,  the  high-tension  ar- 
resters being  installed  out  doors. 

In  the  boiler  room  three  500  horse-power  boilers 
equipped  with  superheaters,  chain  grate  stokers,  econo- 
mizers and  induced  draft  provide  steam  at  200  pounds 
pressure  and  100  degrees  superheat ;  each  boiler  being 
a  separate  unit.  All  the  auxiliary  apparatus  in  the 
boiler  room  is  motor  driven.  Iowa  coal,  which  is  low 
in  P..t.u.  and  high  in  ash  content,  is  dumped  into  a 
track  hopper  from  the  cars  and  conveyed  by  means  of 
industrial  cars  to  an  elevator  where  it  is  elevated  to 
the  bunkers  in  front  of  each  boiler.  The  ash  is  con- 
\eyed  in  a  similar  manner  from  the  ash  pits  to  a  hop- 
jter  over  the  coal  supply  track.  The  condensers  are 
of  the  jet  type,  taking  water  from  Black  Hawk  Creek, 
which  flows  near  the  power  house.  The  condenser 
pumps  are  turbine  driven. 

The  standard  sub-station  building  is  22  by  40  feet 
with  an  18  foot  ceiling.  The  650  volt  stations  have 
one  44  000  volt  oil  switch  with  overload  relays ;  three 
165  k.v.a.  step  down  transformers  and  a  500  kw,  500 
r.p.m.  non-interpole  rotarj-  converter.  The  sw-itch- 
board  consists  of  four  panels,  one  each  for  the  direct 
and  alternating-current  sides  of  the  converter  and  two 
feeder  panels.  The  i  200  volt  sub-stations  will  consist 
of  a  high-tension  oil  switch,  three  185  k.v.a.  air-cooled 
transformers  and  a  600  kw,  750  r.p.m.,  1  300  volt  com- 
mutating-pole  rotary  converter  which  will  commutate 
200  percent  full-load  current  momentarily.  The 
switchboard  will  consist  of  one  oil-switch  panel  and 
one  starting  panel  on  the  alternating-current  side,  and 
one  converter  and  two  feeder  panels  on  the  direct- 
current  side,  each  panel  being  in  three  sections.  The 
knife  switches  and  direct-current  circuit  breakers  are 
hand  operated  and  remote  controlled  and  are  mounted 
on  the  front  of  the  board;  the  ammeters  are  provided 
with  a  grounded  case  to  protect  the  operator.  All  the 
converters  in  both  600  and  i  200  volt  sub-stations  are 
self -starting,  and  electrolytic  lightning  arresters  are 
provided  on  both  direct  and  alternating-current  lines. 
All  overhead  lines  with  the  exception  of  the  one 
between  Waterloo  and  Cedar  Rapids  are  standard  di- 
rect-suspension construction ;  in  general  a  4/0  trolley 
and  a  4/0  feeder  are  being  used.  The  line  from  Wa- 
terloo to  Cedar  Rapids  is  of  the  five  point  catenary- 
construction  with  150  foot  pole  spacing  on  tangent 
track,  the  poles  being  of  Idaho  cedar,  40  feet  long. 
The  overhead  construction  is  insulated  for  i  500  volts, 
porcelain  insulators  being  generally  used.  The  high 
tension  line  is  spaced  in  delta  with  52  inches  between 
wires  and  is  sectionalized  at  each  sub-station  with 
Burke  horn-gap  switches. 


Tripling   the  Capacity  of   the   Itahan    Giovi 

Line  by  Electrification 

L.    PONTECORVO 
Societa  Italiana  Westinghouse 

BY  FAR  the  most  important  of  all  economic  reasons  which  determine  the  electrification  of  a  steam  line 
is  the  necessity  for  increasing  its  capacity,  once  the  line  is  congested  by  too  heavy  traffic.  In  such  a  case 
electric  traction  greatly  helps  the  railway  service.  The  actual  results  of  electrification  brought  about  by 
such  conditions  are,  however,  quite  unknown  as  nothing  has  heretofore  been  published  in  connection  with 
such  cases.  With  the  exception  of  the  Norfolk  &  Western  in  the  United  States,  an  examination  of  all 
trunk  lines  with  heavy  freight  and  passenger  service  shows  no  case  where  electrification  was 
determined  by  the  necessity  of  increasing  the  capacity  of  the  tine.  In  all  cases  the  determining  factor  was 
due  to  other  causes.  The  electrification  of  the  Italian  .'itatc  Raihvays,  however,  was  brought  about  for 
that  and  for  no  other  reason. 


L.    PONTECORVO 


ALL  the  three-phase  installations  of  the  Italian 
State  Railway  (with  the  exception  of  the  Val- 
tellina  lines  electrified  twelve  years  ago  for 
experimental  purposes)  were  determined  by  the  ne- 
cessity for  increasing  the 
capacity  of  the  lines,  the 
Italian  State  Railway 
having  found  the  three- 
phase  system  the  most 
suitable  for  increasing 
the  Capacity  of  trunk 
lines  with  very  heavy 
grades.  The  actual  results 
obtained  are  given  in  the 
following  pages  on  a  line 
presenting  the  most  difti- 
cult  service  conditions ; 
and  where  the  steam  service  had  exhausted  all  its 
resources  and  could  not  be  improved  upon,  the  line 
being  operated  at  or  near  the  saturation  point.  The 
line  referred  to  is  the  Giovi  line  in  Italy,  running  from 
Genoa  to  Ronco,  which  can  be  considered  as  com- 
pletely regenerated  by  three-phase  traction,  having  ac- 
quired as  regards  the  freight  service,  which  is  the 
most  important,  the  same  capacity,  if  not  greater, 
than  the  parallel  line,  the  so  called  "Subsidiary  Line," 
which  has  grades  only  half  as  steep  as  the  older 
lines,  and  has  the  most  up-to-date  block  signal  sys- 
tem. It  will  contribute  to  a  better  understanding 
of  these  results  to  describe  briefly  the  electric  railway 
system  in  Italy  and  its  developments,  especially  as  re- 
gards the  Giovi  line,  which  is  one  of  the  oldest  rail- 
way trunk  lines  in  Italy. 

ITALIAN    ELECTRIC    RAILWAY    SYSTEM 

The  Italian  State  Railway  has  a  large  number  of 
electric  railway  lines  which  are  situated  in  the  most 
industrial  part  of  Italy,  as  shown  in  Fig.  2.  Table  I 
gives  the'r  most  important  characteristics.  Of  all 
these  lines,  the  first  one  only,  the  Milan-Varese, 
is  a  direct-current  line  at  600  volts  and  the  electric 
service  is  limited  to  passenger  trains.     All  the  others 


wUh  the  same  system  of  traction  and  operated  by  the 
same  type  of  locomotives,  constitute  the  most  complete 
and  best  organized  example  of  electrification  in  Eu- 
iope. 

The  Valtellina  line,  running  from  Lecco  to  Son- 
drio  and  Chiavenna,  was  electrified  in  1902  for  ex- 
perimental purposes.  However,  it  has  derived  a 
great  many  advantages  by  its  electrification  outside  of 
the  fact  that  the  electric  service  has  shown  itself  more 
economical  than  the  steam  service.  In  1897  the  op- 
erating expenses  per  axle  (with  steam  service)  was 
Lire-0.129  per  km.  (4.15  cents  per  mile),  and  in 
1902-3  (with  electric  service),  L-0.114  per  km.  (3.67 
cents  per  mile)  ;  that  is,  a  reduction  of  12  percent, 
including  all  interest  and  depreciation  on  the  invest- 
ment. 

Of  the  other  lines,  the  old  Giovi  line  (double 
track)  was  electrified  in  1910  to  increase  its  capacity, 
and  so  were  the  Bussoleno-Modane  line  (partly  single 
and  partly  double)  in  1912-1914,  and  the  Savona-San 
Giuseppe  (single  track).  The  electrification  of  the 
Monza-Lecco  line  was  due  to  various  reasons,  chiefly 
the  advantage  of  improving  the  service  on  a  line  which 
connects  an  important  city  like  Milan  to  one  of  the 
most  attractive  valleys  of  the  Alps.  Of  all  the  Italian 
State  Railway  lines,  however,  the  Giovi  line,  and  es- 
pecially the  section  Pontedecimo-Busalla,  offers  the 
greatest  difficulty  in  operation. 

TRAFFIC  OF  THE  HARBOR  OF  GENOA  AND  THE  GIOVI  LINE 

The  tonnage  of  the  harbor  of  Genoa  which  in 
1878  amounted  to  less  than  a  million  tons  a  year,  has 
increased  to  7368000  tons  in  1912,  of  which  84  per- 
cent was  imports  and  16  percent  exports. 

There  are  five  railway  lines  leading  to  Genoa, 
Fig.  3,  which  handle  this  traffic : — 

I — Genoa-Spezia   (mostly  single  track). 
2— Giovi  line   (old')    (double  track"). 
3— Giovi  line   (subsidiary)    (double  track). 
4 — Genoa-.Asti    (single  track). 
5 — Genoa-Ventimig-lia    (single  track). 
However,  of  all  these  five,  the  Giovi  lines  which 
constitute  the  direct  connection  between  Genoa  and 


are  three-phase,  3000  to  3300  volts,  15  to  16.6  cycles  the  greatest  manufacturing  provinces  of  Italy,  Pied- 
with  electric  service  both  for  passenger  and  freight  mont  and  Lombardia,  handle  the  most  of  the  freight 
trains.     The  rest  of  these  railway  lines,  all  equipped      traffic— approximately  80  percent.    The  Genoa-Spezia 
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handles  eijjlit  percent,  the  Genoa-Asti  seven  percent 
and  the  Genoa-Ventimiglia  the  remaining  five  percent. 
It  is  to  be  noted  that  the  Genoa-Asti,  although  it  con- 
nects Genoa  to  Piedmont,  has  still  a  very  limited  ser- 
vice due    to    heavy   grades,    single    track    and    poorly 


operation  with  long  and  heavy  freight  trains  most  dif- 
'ficult.  The  electrified  portion  of  line*  has  a  total 
length  of  23.2  kilometers  (14.4  miles)  and  a  differ- 
ence in  level  of  i  150  feet  between  the  lowest  and  the 
highest  stations. 


KU;.     1 — A    TRAIN     HAl1.11)    1;V    IWo    I.lCuMuTIVES.   one    pushing    and  O.N  K  PULLING 

The  section  of  the  line  shown  is  between  Pontedecimo  and  Bnsalla  with  a  grade  of  3.5  percent, 

ventilated   tunnels.     At  present  the  electrification  of  On  account  of  the  great   difiiculty   in  operating 

this  line  is  under  consideration.  with  steam  locomotives  and  because  of  the  continuous 

The  old  Giovi  line  opened  to  ser\  ice  in  1853,  was  growth  of  the  tratlic  in  the  harbor  of  Genoa,  the  Giovi 

proposed  and  built  by  the  famous  statesman  Cavour  subsidiary  line  was  built  in  1889.    This  line  is  also  a 

who  even  that  early   foresaw  the  importance  of  the  double  track  line.     It  branches  off  the  old  Giovi  line, 

harbor  of  Genoa  in    the    industrial    development    of  runs  parallel  to  it  on  the  other    side    of    the    valley, 

Italy.       It  is  a  mountain  road  which  rises  from  the  crosses  the  mountain  pass  through  a  tunnel  of  8.298 

sea  level,  crosses  the  .\ppennines  and  descends  in  the  kilometers   (5- 15  miles)   in  length  and  then  joins  the 

TABLE  I — SUMMARY  OF  ITALIAN  STATE  RAILWAY    ELECTRIFICATION* 


Lines 


I  ValtellinaC")! 

Milano-Varese    „     (J't'^''": . 
Sondno-Chia- 
Tenna) 


Giovi 

(Genoa  to 
Ronco) 


Year  elcctrlfled ICOl 

LetiBth  in  miles— single  track 70.2 

Maximum  grade  in  percent I  1 

Line  voltage d'lO 

Fr(<inency-  cycles  per  second '  Direct  current 


Number  o£  substations.. 

Total  capacity  of  substations— Kw. 


Transmission  voltage 

Total  capacity  of  power-house  in  Up... 

Energy  produced  in  1912-1913— million 

Kw.-Hr 8  5 

Number  of  Locomotives I  -IT  (' 

I  Miles  run  durin?  1912  1913 13S0C00  (• 

(  Capacity  of  locomotives— Hp IS  200 

i  i 


14(00  of  whicli 

lOOU  is  a 

reserve  (») 

45  000 

20  000  of  which 

oOOO  is  a  re>er  ve : 


I'.IOJ 
6,iS 
2 

3000 
1.5 
11     (•) 


1910  li 

28  s 
0.-5 
3000 

l.i 
4 


53C.0  of  which   12  000  of  which 

HSU  is  a       3000  is  a  reserve 

reserve  (•) 

20  000  l:i  OCO 

6000  of  which   12  000  of  which 

IIKH)  is  a  reserve  liOCO  is  a  reserve 


24  (' 
.iUOOO 
22  000 


9.0  (') 
')  24 

380  000     {') 
48  000 


Bossoleno- 
Bardonecchia 


Savona-Ceva 
(■*) 


Monza-Lecco 
(") 

(■') 


1912 
35,8 
3 

33ro 

If'";; 
f>    (') 
IS  -iOO  of  which 


SOOO  is  a  reserve  3700  is  a  reserve  6750  Is  a  reserve! 


."iOOOO 
6S00 


(•) 


4.1  (•) 
16 
105  000     (") 
32  000 


1914 
-.8.3 
2.') 
3700 

'«=:. 
5 


1914 

27.4 
1.2 
3100 

1,5.8 
4 


Barrtonecchia- 
Modane 


15  COO  of  which  15  750  of  whichi 


66  000 


(•) 


20  000 


I 


(")' 


1914 

23.6 

S 
3300 
1053 

0     (') 


0 
5«000 


21 

is'oiio 


13  (•) 

iSViio  (•) 


8 
16000 


(') 

(•) 


*The  Simplon  Line,   although  run  for  half  its  length  in  Italian  territory,  is  not  included  in  the  list  as  it  is  not  operated   by  the  Italian  State 
Railway. 

!■ — To  this  ntmiber  must  be  added  a  portable  substation  used  as  reserve.  2 — This  line  will  be  supplied  by  feeder  from  a  substation  of  the  Bua- 
Boleno-Bardonecchia  Line.  3 — To  these  figures  should  be  added  two  flywheel  sets  used  to  take  care  of  tile  peak  loads.  4 — These  figures  include  the 
portal)le  substation.  5 — -At  present  the  current  on  this  line  is  suppiied  from  a  50  000  V.,  50  cycle  line  and  transformed.  This  is  only  a  temporary 
arrangement.  6 — Energy  is  supplied  l)y  the  power  house  of  the  Neirri  Co..  which  resenes  for  this  sen'iee  10  000  kw  with  peaks  of  15  000.  7 — 
The  electric  service  on  the  whole  linewas  started  in  Octcber,  1913.  S — These  figures  are  lor  the  period  July-October,  1913.  9 — Estimated  figures, 
as  service  is  not  started  yet.  10 — Includes  a  branch  line  Varese-Porto  Coresio.  11 — The  suhslctiorvs  for  these  lines  are  so  equipped  as  to  allow 
them  to  be  connected  and  supplied  with  energy  from  either  of  the  two  power  houses.  12 — Kner^y  is  supplied  from  power  house  of  Edison  Company, 
which  reserves  for  this  service  4  000  kw  with  peaks  of  a  5  000  kw.  13 — Some  of  these  are  passenger  motor-cars  capable  of  hauling  several  passenger 
cars.      14 — On  these  lines  tiie  electric  service  will  be  started  shortly. 


valley  of  the  river  Po.  A  profile  of  the  Giovi  line  is 
shown  in  Fig.  4.  It  has  nia.ximum  grades  of  3.5  per- 
cent, si.x  tunnels,  of  which  the  longest,  the  Giovi  tun- 
nel, is  3.258  kilometers  (2.02  miles)  in  length,  with 
2.9  to  3.0  percent  grades  and  numerous  cunxs  of  400 
meters    (1310   feet)    radius.     These  conditions  make 


old  line  again.  It  serves  the  same  purpose  as  the  old 
line  but  offers  considerably  better  service  conditions 
having  a  greater  number  of  uniform  grades  not  ex- 
ceeding 1.6  percent  and  reaching  only  1.16  percent  in 
the  longest  tunnel.     The  total  length   from  where  it 


*From  Genoa  to  Sampierdarena  the  line  is  not  electrified. 
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branches  off  is  22  kilometers  (13.7  miles)  and  tlie 
highest  point  is  324.64  meters  (1060  feet)  above  sea 
level. 

Although  the  harbor  of  Genoa  wras  connected  to 
the  valley  of  the  river  Po  by  these  two  double  track 
lines,  a  plan  view  of  which  is  shown  in  Fig.  5, 
and  by  the  Genoa-Asti  line,  in  1906  the  steam 
service  began  to  show  its  limitation  in  handling  the 
traffic  so  much  that  a  special  committee  ordered  by 
the  Government  to  study  the  railway  problem  of 
the  harbor  of  Genoa  arrived  at  the  conclusion  that 
there  was  an  immediate  necessity  for  building  a  new 
line  to  take  care  of  the  increasing  tonnage,  the  two 


FIG. 


—LINES    OF    THE    ITALIAN     STATE    RAILWAY    IN     NORTHERN 
ITALY   ALREADY  ELECTRIFIED   OR  BEING   ELECTRIFIED 


old  Giovi  lines  being  near  the  saturation  point  of  traf- 
fic. At  that  time  during  a  part  of  the  year  there  was 
a  great  accumulation  of  goods  on  the  docks  and  piers 
of  Genoa  awaiting  shipment  by  rail,  causing  great 
damage  and  loss.  This  accumulation  of  goods  reached 
a  maximum  during  the  period  from  October  to  Jan- 
uary' so  that  the  docks,  although  very  large,  began  to 
be  insufficient,  as  is  seen  in  Fig.  6;  in  short,  the  defi- 
ciency in  the  capacity  of  the  railway  line  was  creating 
a  serious  congestion  in  one  of  the  most  important  har- 
bors of  the  country. 

In  1906-7  the  maximum  quantity  of  goods  accum- 
ulated in  the  docks  amounted  to  575  000  tons  with  an 
average  of  450000  tons  between  October  and  January. 
To  improve  conditions  at  the  end  of  1907  a  new  type 
of  steam  locomotive,  especially  designed  for  this  ser- 
vice by  the  Italian  State  Railway  was  put  in  service. 


producing  a  considerable  improvement.  These  loco- 
motives were  of  the  compound,  four  cylinder  type  and 
had  the  following  characteristics: — 

Five  coupled  axles. 

Weight  of  locomotive  on  drivers,  75   tons   (metric). 
Weight  of  tender  fully  loaded,  28  tons  (metric). 
Total  boiler  surface,  222.3  square  meters  (2060  sq.  ft.). 
Max.   steam   pressure,    16  kg.   per   sq.   cm.    (229  lbs.   per 

sq.    in.). 
Diameter   of  high   pressure  cylinders.  0.375   meters    (14.7 

inches). 


L^rws  fle«nfi*d  or 
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FIG.   3 — MAP   OF   ALL   RAILWAY    LINES    LEAIIING    TO   GENOA 

Diameter    of    low    pressure    cylinders,    0.61     meters     (24 

inches). 
Length   of  stroke,  0.65  meters    (25.6  inches). 
Diameter  of  wheel  (when  new),  1.35  meters   (53  inches). 

During  the  official  tests  carried  out  by  the  Italian 
State  Railwa}'  on  these  locomotives  the  following  re- 
sults were  obtained : — 

I — When   hauling  a  train  of   204  metric  tons    (exclusive 
of  locomotive)  : 

Speed  on  2.5  percent  grade  ^  40  km.  (25  miles)  per  hour. 
Drawbar  pull  =  5  500  to  6000  kg.   (12200  to  13400  Ihs.). 


FIG.   4 — PROFILE   OF   GIOVI    LINE 

Indicated   horse-power  =  i  200. 
Useful  power    (brake  horse-power )=  800. 
2 — When  hauling  a  train  of  272  metric  tons    (exclusive 
of  locomotive)  : 

Speed   on   2.5   percent   grade  :=  25  km.    (15.5   miles)    per 

hour. 
Drawbar  pull  =  7  500  kg.   (i6(5oo  lbs.). 
Indicated  horse-power  ^  900. 
Useful   power    (brake  horse-power)  =  650. 

These  new  locomotives  on    the    old    Giovi    line 
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could  haul  at  the  speed  of  25  km.   (15.5  miles)   per      track  line  with  low  grades  and  to  cross  the  Appenines 

hour  the  following  loads : —  tiirough  a  tunnel  of   19  km.    (11.8  miles)    in  length. 

Single  locomotive   170  tons  (metric)  The  estimated  cost  was  30  million  dollars  and  the  nec- 

Two  locomotives   310  tons   (metric)  .   ^.  j  t        ,       t     i-        t-.     i- 

Three  locomotives   450  tons  (metric)  ^^sary  appropriation  was  voted  by  the  Italian  Parlia- 

By  the  use  of  these  more  powerful  locomotives      ment.     However,  the  above  mentioned  committee  in 
it  was  possible  in  1907-8  to  reduce  the  material  piled      its  rei>ort  to  the  government,  in  consideration  of  the 

line 

^r~-~^rr^ BumLLA  RONCO 

""e/  fo  Oio" 


FIG.   S'^ — PL.\N  OF  CIO« 

up  in  the  harbor  to  430  000  tons  and  350  000  tons,  the 
maximum  and  average  values,  respectively,  of  goods 
lying  in  the  docks  of  the  harbor  during  the  months 
October  to  January.  However,  this  improvement  did 
not  last  long  owing  to  the  continued  increase  in  ton- 
nage, and  in  1909-10  the  quantity  of  goods  at  the  docks 
reached  545  000  and  484  000  tons  maximum  and  aver- 
age values,  respectively.  This  condition,  of  course, 
represented  an  enormous  loss  to  trade  in  general  by 
the  damage  and  deterioration  of  perishable  goods. 


ELECTMFICATIO.V 


fact  that  the  building  of  this  new  direct  line  with 
such  a  long  tunnel  would  require  many  years,  and 
having  in  mind  the  successful  experiments  carried  out 
on  the  Va'tellina  and  Simplon  electric  lines,  suggested, 
besides  other  improvements,  the  electrification  of  the 
old  Giovi  line  as  the  means  of  increasing  its  capacity. 
For  this  electrification,  the  three-phase,  15  cycle 
system  w-as  chosen  in  consequence  of  the  satisfactory 
results  obtained  on  the  Simplon  and  \^altellina  lines. 
Besides  it  was  decided  to  increase  the  speed  of  the 


ii>..   (.J — .\    \ir.u    I'l     iiir     inKlloR   OF   GEN0.\ 

Showing  the  congested   condition   of  the  docks   due   to  the  inadequacy  of  the  steam  roads  to  handle  the  traffic. 


ELECTRIFICATION  OF  GIOVI  LINE 

This  State  of  affairs  and  the  conclusions  arrived 
at  by  the  committee  appointed  by  the  Government 
brought  about  the  decision  to  build  another  subsidiary 
line  to  take  care  of  the  natural  and  continual  growth 
of  one  of  the  most  important  harbors  of  Italy.  This 
new  line,  called  "The  Direct  Line,"  was  to  be  a  double 


trains  on  this  line  to  45  km.  (28  miles)  per  hour  on 
the  up  grade  and  to  increase  the  draw-bar  pull  of  the 
locomotives  to  the  maximum  value  allowed  by  the 
type  of  rolling  stock  in  service  and  thereby  increase 
the  capacity  of  the  line. 


♦Figs.  5.  9.  10.  II  and  12  by  courtesy  of  the  Railway  Age 
Gascttc. 


554 


THE  ELECTRIC  JOURNAL 


The  Westinghouse  type  FS — 050  locomotive, 
F'g.  7,  having  two  running  speeds  of  22.5  and  45  km. 
(14  and  28  miles)  per  hour,  was  chosen  for  this  serv- 
ice. This  locomotive,  was  designed  by  Mr.  K.  de 
Kando  and  built  by  the  Societa  Italiana  Westinghouse 
at  Vado  Ligure,  Italy.  Each  locomotive  is  equipped 
with  two  3  000  volt,  25  cycle,  slip-ring  induction  nio- 


RESULTS    OF   THE    ELECTRIFICATION'    OF   THE  GIOVI    LINE 
CONSIDERED  FROM  AN  OPERATING  VIEWPOINT 

The  increased  capacity  of  the  line  is  due  to  the 
greater  power  of  the  electric  as  compared  to  the  steam 
locomotives.  This  greater  power  is  the  result  of  the 
increase  in  speed  and  tractive  effort.    The  increase  in 


f:c.    7 — WESTINGHOUSE    LULU.MuIIVt:    FOR    SERVICE    ON     Tl 


\l  Mi|_S   CIOVI    LINE 


tors.    The  characteristics  of  the  locomotive  are  as  fol- 
lows : — 

Five  coupled  axles. 

Weight  of  locomotive  on   drivers,  60  tons    (metric). 

Diameter  of  wheels  when  new,  1.07  meters   (42.5  inches). 

The  motors  are  connected  to  the  wheels  by  a  spe- 
cial triangular  yoke,  Fig.  8. 

With  the  standard  composition  of  trains  (which 
is  the  maximum  allowed  by  the  couplings  of  the  cars, 
but  which  could  be  increased  as  far  as  the  locomotives 
are  concerned  as  shown  by  tests  when  running  at  45 
km.  (28  miles)  per  hour),  the  maximum  horse-power 
absorbed  by  the  locomotive  is  i  770.     When  starting 


riL..    S      ilLLlAL    YOKE    BY    WHICH    THE    MOTORS    UF    lllE    LoCO.MO- 
TIVE    AKE    CONNECTED   TO   THE    WHEELS 

the  same  train  on  a  grade  of  3.5  percent,  the  power 

absorbed  is  2  180  horse-power. 

Electric  service  on  the  Giovi  line  was  started  in 

1910  and  the  capacity  of  the  locomotives  was  fixed 

as  follows : — 

Single    locomotive     lOO  tons   (metric) 

Two   locomotives    380  tons   (metric) 

Three  locomotives    530  tons   (metric) 


speed  has  allowed  a  larger  number  of  trains  with  a 
smaller  number  of  locomotives  and  the  increase  in 
tractive  effort  has  allowed  greater  train  weights ; 
therefore  a  larger  number  of  cars  have  been  handled 
over  this  line.  The  peculiar  condition  of  the  line  al- 
lows the  verification  of  the  calculated  increase  in  the 
capacity  of  the  line  after  the  electrification.  This  is 
due  to  the  fact  that  the  line  serves  a  harbor  where 
the  traffic  is  on  the  increase  all  the  time  and  also  to 
the  existence  of  the  Subsidiary  Giovi  line. 

As  soon  as  the  electrification  rendered  the  service 
on  the  old  line  easier,  the  increase  in  traffic  of  the 
harbor  of  Genoa  was  taken  care  of  by  the  electrified 
line,  and  besides,  a  part  of  the  traffic  of  the  Subsidiary 
Line  also  was  routed  over  the  old  line  once  it  was  elec- 
trified. 

INCREASE   IN    SPEED 

The  increase  in  the  running  speed  of  the  trains 
\\  as  rather  large.  The  steam  locomotives  had  a  maxi- 
mum running  speed  of  25  km.  (15.5  miles)  per  hour 
on  the  highest  grades.  The  electric  locomotives  ran 
at  45  km.  (28  miles)  per  hour  even  on  the  3.5  percent 
grades.  Similarly  on  the  down  grades,  owing  to  the 
electric  braking  with  the  regeneration  of  power,  an  1 
to  the  constant  speed  and  absence  of  shocks  it  was  pos- 
sible to  allow  a  speed  of  45  km.  (28  miles)  per  hour 
for  passenger  trains  where  the  maximum  speed  al- 
lowed for  the  same  trains  with  steam  service  was  30 
km.  (18.6  miles)  per  hour.     Besides,  with  the  steam 
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service  there  was  prescribed  a  safety  sloji  for  all  trains 
on  a  level  section  of  the  line  about  half  way.  This 
compulsory  stop  has  been  made  unnecessary  with  the 
electric  service. 

If  the  schedule  speed  of  the  trains  is  considered 
on  this  section  of  the  line  the  following  figures  obtain 
for  an  up-grade  hauling : — 

Steam  service — freiglit  trains,  20.8  km.    (12.9  miles)    per 

hour. 
Steam    service — passenger    trains,    22.3    km.    (13.9   miles) 

per  hour. 
Electric    service — freight    trains,    39.1    km.     (24.3    miles) 

per  hour. 
Electric   service — passenger   trains,    39.1    km.    (24.3miles) 

per  hour. 

This  represents  increases  of  88  percent  and  75.5 
percent,  respectively,  and  is  also  partly  due  to  the 
shorter  time  taken  by  the  electric  locomotive  for  accel- 
erating. 

IXCREASt:  IX  THE  NUMBER  OF  TR.\INS 

This  increase  is  clearly  shown  by  the  train  sheets. 
Figs.  9  and  10,  for  steam  service  :n  its  last  year  1910, 

0  12  1  4  3  6  7  8         9  to 


service  shown  in  the  schedule,  Fig.  9,  was  only  pos- 
sible by  strong  artificial  ventilation  of  the  tunnel  by 
means  of  a  special  blower  driven  by  a  500  horse-power 
motor. 

With  electric  service  the  average  figures  given 
alwve  refer  to  a  schedule  spread  over  a  period  of  17 
hours  per  day,  Fig.  10,  and  therefore  they  could  be 
increased  considerably ;  for  instance,  during  the  month 
of  April,  1913,  on  the  same  section  of  the  line  referred 
to,  there  were  run  223  trains  more  than  shown  in  the 
schedule,  corresponding  to  an  average  of  7.45  trains 
per  day,  of  which  5.2  were  up  and  2.25  down  trains. 
The  maximum  number  of  additional  trains  per  day 
during  the  same  month  besides  the  trains  shown  in 
the  schedule,  was  13,  of  which  nine  were  up  and  four 
down  trains.  Therefore,  the  average  and  maximum 
values  for  the  month  of  April  would  be  38  and  42, 
respectively,  which  compared  to  the  28  of  the  steam 
service  represents  an  increase  of  36  and  50  percent. 
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FIC.    10 — SCHEDULE   FOR   ELECTRIC  TRAINS    ON    THE    SECTION    PONTEDECIMO-BUS.\LL.\,       VE.AR    19I4.      COMP.\RE    WITH    FIG.    9   FOR 

STE.-VM    SERVICE 


and  of  the  electric  service  now  in  operation.  With 
the  steam  service  it  was  possible  to  run  a  maximum 
of  28  up  trains  and  23  down  trains  per  day,  spread 
over  a  period  of  20  hours.  However,  the  average 
number  of  trains  per  day  was  considerably  lower.  In 
the  last  year  of  steam  service  1909-10  a  total  of  8793 
up  and  7  792  down  trains  were  run,  corresponding  to 
an  average  value  of  24  up  and  21.3  down  trains  per 
day.  With  the  electric  service  in  1911-12  there  were 
run  12024  up  and  8050  down  trains  corresponding  to 
an  average  value  of  33  and  22  per  day ;  that  is,  an  in- 
crease of  37.5  percent  in  the  number  of  up  trains  which 
constitutes  the  increase  in  the  capacity  of  the  line.  It 
was  not  necessary  to  increase  the  number  of  the  down 
trains  as  the  composition  of  trains  with  steam  service 
was  already  very  large,  the  largest  number  of  cars 
being  empty  on  the  down  trip. 

With  steam  service  the  figures  given  above  could 
not  be  increased  to  any  appreciable  extent,  both  be- 
cause of  the  limited  speed  of  the  locomotive  and  the 
difficulty  of  ventilating  the  Giovi  tunnel.     The  steam 


and  when  it  is  considered  that  electric  service  is  used 
for  17  hours  only  instead  of  20,  the  increase  amounts 
to  61  and  yj  percent.  The  same  results  were  obtained 
during  some  days  in  the  month  of  August  when  nu- 
merous extra  trains  were  run  for  the  purpose  of  test- 
ing new  electric  locomotives. 

Howe\  er,  these  figures  do  not  represent  the  max- 
imum obtainable  with  electric  service.  This  maximum 
was  determined  when  making  the  project  for  the  elec- 
trification of  the  Hne  and  of  all  the  fixed  installations 
like  central  station,  sub-stations  and  transmission  lines 
which  were  designed  for  a  service  having  trains  start- 
ing every  10  or  15  minutes  the  load  curves  for  which 
arc  shown  in  Figs.  11  and  12.  Such  service,  is  possible 
both  on  account  of  the  size  of  the  electric  installations 
and  of  the  block  system  existing  on  the  line.  The  time 
taken  to  go  through  the  tunnel  is  only  nine  minutes; 
therefore,  with  trains  starting  every  ten  minutes,  a 
train  would  leave  the  station  at  the  entrance  of  the 
tunnel  when  the  preceding  train  reached  the  telegraph 
station  at  the  other  end. 
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Assuming  a  utilization  coefficient*  of  the  Italian 
State  Railway  of  0.70  and  assuming  20  working  hours 
per  day,  as  was  the  case  with  steam  service,  the  aver- 
age number  of  daily  trains  with  electric  service 
would  be : — 

Trains  leaving  every  15  minutes  0.7X20X4=;  56 
Trains  leaving  every   10  minutes  0.7x20x6  =  84 
These  figures  as  compared  to  28  of  the  steam  serv- 
ice represent  an  increase  of  100  and  200  percent,  re- 
spectively. 

ELECTRIC    LOCOMOTIVES 

On  account  of  the  higher  speed  of  the  electric 
locomotives  and  their  suitability  for  shunting  opera- 
tions in  the  stations,  it  was  possible  with  electric  trac- 
tion to  make  a  rather  large  reduction  in  the  number 
of  locomotives  and,  therefore,  in  the  number  of  train 
crews.    At  present  the  service  through  the  Giovi  tun- 


TRACTIVE    EFFORT    AND    COMPOSITIOX    OF   TRAINS 

A  comparison  between  the  maximum  composition 
of  trains  permissible  with  steam  locomotives  and  the 
standard  composition  of  trains  prescribed  for  the  elec- 
tric locomotives.  Table  II,  as  allowed  by  the  existing 
type  of  rolling  stock,  shows  how  much  more  powerful 
the  electric  locomotives  are.  Considering  that  with 
electric  operation  there  is  permissible  an  overload  ot 
ten  tons,  there  is  on  increase  as  compared  to  steam 
ojieration  of  17.5,  26  and  20  percent,  respectively,  for 
the  arrangement  in  Table  II.  However,  as  already 
pointed  out,  the  draw-bar  pull  of  the  locomotive  and 
the  capacity  of  the  motors  are  far  greater,  so  that  it 
was  possible  to  haul  with  two  locomotives  on  the  same 
section  of  the  line  trains  up  to  450  metric  tons  at  45 
km.    (28  miles)   per  hour.     As  compared  with  steam 
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FIGS.    II    AND   12 — SCHEDULES   AND  DIAGRAMS    OF  ENERGY  AT 

nel  is  taken  care  of  by  ten  locomotives  of  which  eight 
are  in  actual  service,  one  as  a  reserve  and  one  under 
inspection  in  the  repair  shop.  During  1909-1910,  with 
steam  service  the  average  number  of  steam  locomo- 
tives was  15.  If  it  is  considered  that  with  the  electric 
service  there  are  34  trains  to  28  with  steam  service, 
the  number  of  steam  as  compared  to  electric  locomo- 
tives was  82  percent  greater.  The  daily  service  of  the 
electric  locomotive  could  easily  be  increased,  working 
24  hours,  because  the  maximum  temperature  of  the 
electric  motors  was  only  73  degrees  C.  after  16  up  and 
16  down  trips  hauling  normal  weight  train  and  regen- 
erating energy  on  the  down  trip,  the  last  two  trips 
having  been  made  without  forced  ventilation  of  the 
motors. 


♦Utilization  coefficient  is  the  ratio  betvifeen  the  average 
daily  number  of  trains  actually  run  and  the  number  of  trains 
given  in  the  schedule. 


POWER-HOUSE   FOR    10   AND    IJ    MINUTE    SERVICE   RESPECTIVELY 

traction,  this  means  an  increase  of  the  draw-bar  pull 
of  45  percent  without  considering  that  the  useful 
weight  of  the  steam  locomotive  is  25  percent  greater 
than  that  of  the  electric. 

The  composition  of  the  passenger  trains  on  this 
line  is  not  uniform  and  ranges  from  200  to  370  tons. 
\\'ith  steam  traction,  passenger  trains  would  leave 
Genoa  station  hauled  by  one  locomotive  of  three  cou- 
pled axles,  and  when  reaching  the  section  of  the  line 
through  the  Giovi  tunnel,  two  other  locomotives  of 
five  coupled  axles  would  be  added,  one  pulling  and  one 
pushing.  Only  very  light  trains  would  be  hauled  by 
two  locomotives.  With  electric  traction,  however,  all 
passenger  trains  are  hauled  by  two  locomotives. 

As  regards  freight  trains  with  steam  service, 
nearly  all  of  them  were  hauled  by  three  locomotives, 
one  pulling  and  two  pushing.     With  electric  service. 
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the  freight  trains  lia\c  a  uniform  comiKjsition  of  380 
tons  (composed  mostly  of  freight  cars  of  the  same 
type  loaded  with  coal )  and  are  liauled  by  two  locomo- 
tives one  pushing  and  one  pulling.  For  freight  trains, 
the  cars  not  having  air  brakes,  a  single  locomotive  is 
not  allowed  except  with  one  locomotive  at  the  rear  of 

TABLE    II — WEIGHT    iK    TK.MN    EXCLUSIVE   OF   LOCOMOTIVE 
Number  of  Locomotives.  Steam.         I      Electric. 

Single  locomotive 170  tons  190  tons 

Two  locomotives   (one  pulling  and 

one  pushing) 310  tons  380  tons 

Three  Inconiotives    (one  pulling  and 

two  pushing) 450  tons  530  tons 

the  train.  Referring  to  Table  II  and  considering  that 
the  electric  locomotive  (type  050)  weighs  60  tons, 
while  the  steam  locomotive  (type  470),  including  the 
tender  with  two-thirds  load  of  water  and  coal,  weighs 
97  tons,  it  will  be  found  that  the  steam  locomotive 
represents  57,  62.7  and  64  percent,  respectively,  of  the 
hauled  weight  while  the  electric  locomotive  represents 


and  had  a  27  ton  tender.  They  could  haul  130  tons  at 
2^  km.  (15.5  miles^  per  hour.  The  ratio  of  weights 
in  this  case  was  130-^(53-1-27)^1.625. 

The  last  type  of  steam  locomotives  (type  470)  had 
five  coupled  a.xles  and,  including  the  tender  fully 
loaded,  weighed  103  tons  and  could  haul  a  train  of 
170  tons.  The  ratio  was  i70-=-i03=i.65.  This  same 
ratio  of  weights  for  the  three-phase  locomotive  (type 
050)  is  190-^60=3.17,  without  considering  that  the 
speed  has  been  increased  from  25  to  45  km.  (15.5  to 
28  miles)  per  hour.  This  shows  the  superiority  of 
the  system  of  traction  chosen  for  this  line  and  it  also 
shows  that  the  steam  locomotive  after  50  years  of  im- 
provement is  still  unsuitable  for  lines  with  heavy 
grades.  A  comparison  of  the  two  locomotives  is 
shown  in  Fig.   17. 

NUMBER  OF  CARS 

It  is  evident  from  what  has  been  said  that  the 
number  of   cars  carried  over  this  line  has  been  in- 
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only  30,  30.8  and  33.5  percent.  As  compared  to  the 
total  weight  of  the  trains,  the  w-eight  of  the  electric 
locomotive  represents  only  23.1,  23.5  and  25  percent. 

The  first  steam  locomotive  used  on  the  Giovi  line 
was  a  locomotive  especially  designed  by  Stephev.son 
ha\ing  two  coupled  axles  and  known  as  the  Mastodon, 
Fig.  14.  Two  of  these  locomotives  coupled  together 
weighed  54  tons  and  could  haul  a  train  of  88  tons  at 
a  speed  of  20  km.  (12.4  miles)  per  hour.  Therefore, 
the  rat'o  of  the  hauled  weight  to  locomotive  weight 
was  88-^-54=1.63.  Later  these  locomotives  were  re- 
placed by  more  powerful  ones  of  the  Beugnot  type, 
Fig.  15.  They  had  four  coupled  a.xles,  weighed  51 
tons  and  had  a  tender  which  fully  loaded  weighed  24 
tons.  At  25  km.  (15.5  miles  )  per  hour  they  could 
haul  on  the  Giovi  line  a  train  of  120  tons.  The  ratio 
of  weights  was  120^ (51-1-24)=!. 6.  These  locomo- 
tives were  again  replaced  by  new  ones  of  the  Sigl  type, 
Fig.  16,  with  four  coupled  axles ;  they  weighed  53  tons 
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creased  greatly  by  electrification.  During  the  last  year 
of  steam  traction  there  was  on  this  line  a  total  traffic 
of  109963  cars  (passenger  and  freight)  on  the  up 
grade  and  of  133  0(X)  in  the  other  direction.  In  1911- 
12  after  the  electrification  these  numbers  increased  to 
172063  and  146  113  an  increase  of  56.5  and  10  per- 
cent, respectively,  without  considering  that  the  weight 
of  the  freight  cars  was  also  increased.  And  if  the 
freight  traffic  on  the  up  grade  only  is  considered,  there 
was  an  increase  of  109  percent.  This  would  corre- 
spond to  a  daily  service  of  165  cars  with  steam  opera- 
tion and  346  with  electric.  However,  the  electric  serv- 
ice as  developed  experimentally  during  the  month  of 
August,  1913,  for  17  hours  daily  represents  an  increase 
of  218  and  214  percent.  Even  this  does  not  show  the 
maximum  with  electric  service. 

CAPACITY    OF    THE    LINE 

In  comparing  the  capacity  of  the  Giovi  line  after 
the  electrification  to  that  before,  the  steam  ser\nce  in 


55^' 


THE  ELECTRIC  JOURNAL 


1909-10,  the  last  year  of  the  steam  traction,  and  the 
results  of  the  electrification  in  the  first  year  of  the 
service  1911-12,  together  with  the  service  as  tried  ex- 
perimentally during  August,  1913,  and  the  maximum 
permissible  service  as  estimated  by  the  Italian  State 
Railway,  will  be  used.  Only  the  traffic  on  the  up 
grade  will   be  considered,  which  is  what  determines 


FIG.    14 — ORIGINAL    STEPHENSON    LOCOMOTIVE    ESPECIALLY    DE- 
SIGNED FOR  SERVICE  ON    THF.  GIOVI    LINE 

the  capacity  of  the  line,  and  it  will  be  limited  to  20 
working  hours  per  day,  although  it  should  be  under- 
stood that  with  electric  operation  this  limitation  to 
20  hours  is  not  necessary.  It  was  necessary  with  steam 
operation  in  order  to  allow  time  for  repairs  and  up- 
keep of  the  tracks  in  the  tunnel  as,  on  account  of  the 
smoke,  the  men  could  not  work  in  it  during  the  service 
hours.  Besides  this  only  the  hauled  weight  of  trains, 
which  is  the  most  important,  will  be  considered. 

Electric  service  igii-12 — As  already  stated  the 
total  number  of  cars  was  172063,  divided  as  fol- 
lows : — 

Passenger   and  baggage   cars 45  927 

Freight    cars     105  132 

Fast   freight   cars    16  897 

Empty    cars    4  10" 

The  weight*  of  these  cars  can  be  assumed  as  fol- 
lows : — 

Passenger   and   baggage   cars    30  tons 

Freight  cars    (coal   cars  mostly) 21  tons 

P'ast    freight    cars    12  tons 

Empty  cars    8  tons 

The  total  movement  of  cars  then  is  : — 

Passenger  and  baggage   cars    i  380  000  tons 

Freight    cars    2  210000  tons 

Fast    freight   cars    203  000  tons 

Empty   cars    32  800  tons 


Total 3  825  800  tons 


FIG.    15 — BEUGNOT    STEAM    LOCOMOTIVE 

This  succeeded  the  original  Stephenson  type. 

Experimental  Electric  Service  in  August,  igi^ — 

The  experiments  carried  out  gave  the  following 

figures : — 

41   trains,  644  cars,   17  hour  service 13640  tons 

40  trains,  636  cars,   17  hour  service 13  712  tons 

*In  all  the  data  of  this  article  the  weights  are  given  in 
metric  tons. 


These  figures  reduced  to  a  year  give  5  000  000  tons 
for  17  hours'  service  per  day. 

Now,  assuming  the  same  weight  of  cars,*  the  fol- 
lowing figures  will  hold  for  steam  operation  20  hours 
per  day : — 

38  916  freight    cars    840  000  tons 

19  560  fast  freight  cars 235  000  tons 

49  624  passenger    and    baggage   cars I  485  000  tons 

I  S54  empty    cars    14  800  tons 


Total 2  574  800  tons 

Comparing  this  figure  with  that  of  electric  service 
reduced  to  20  hours  per  day  it  will  be  found  that  the 
service  during  the  year  1911-12  represents  an  increase 
of  75  percent  and  the  experimental  service  during  the 
month  of  August,  19 13,  an  increase  of  128  percent. 

Intensive  Electric  Operation  75  and  10  Minute 
Trains — In  comparing  this  service  with  steam,  the 
maximum  capacitj'  of  the  latter  as  outlined  by  the 
Government  Committee  will  be  assumed  and  two  loco- 
motive operation  will  be  considered  throughout.  With 
15  minute  service  during  20  hours,  there  would  be  80 
trains  per  day,  of  which  15  are  passenger  and  65 
freight.  Assuming  a  utilization  coefficient  of  0.70, 
65  X  0.7  X  380  =  17  300  tons  daily,  or  6  310  000  tons 


FIG.    16 — SICL    STE.\M    LOCOMOTIVE 

A  later  development  than  the  Beugnot. 

yearly.  \\'ith  service  every  10  minutes  there  would 
be  120  trains,  of  which  105  are  freight,  equal  to  10- 
200  000  tons  yearly. 

Maximutii  Steam  Service — Twenty-two  trains  of 
310  tons  each,  or  6820  tons  daily=2  409  000  tons 
yearly.  Therefore,  assuming  that  the  passenger  trains 
are  the  same  in  both  cases  there  is  an  increase  in  ca- 
pacity of  153  percent  with  15  minute  service,  and  310 
percent  with  10  minute  service.  These  results  are  so 
enormous  that  they  do  not  require  any  amplification. 
Suffice  it  to  note  that  it  will  take  many  years  before 
the  traffic  of  the  harbor  of  Genoa  will  be  such  as  to 
require  the  maximum  capacity  of  the  Giovi  line.  Con- 
sidering that  on  account  of  these  results  the  Italian 
State  Railway  has  electrified  the  Subsidiary  Giovi  line 
and  is  considering  the  electrification  of  the  Genoa-Asti, 
it  will  require  many  years  before  the  new  direct  line 
will  have  to  be  built.  In  Table  III  are  condensed  the 
figures  given  in  the  preceding  pages. 

EFFECTS    ON    THE    HARBOR   OF   GENOA 

The  effect  of  the  increase  in  capacity  of  the  Giovi 
line  on  the  quantity  of  goods  accumulated  on  the  docks 


*This  is  in  favor  of  the  steam  traction  as  the  weight  of 
the  cars  has  been  increased  during  the  last  few  years. 
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can  easily  t)e  seen  from  the  diagram  of  the  goods  ac- 
cumulated in  the  docks  awaiting  shipment  by  rail,  Fig. 

TABLE    III — RESULTS    OF    ELECTRIUC.XTIDX    l>F  TIIK   GIOVI   LINK 
(  Section    rontcdccitno-  Husalla. ) 


Steam  Traction 

Uilfer- 
Electric  Traction    "^^^^^ 

Total  weight  of  loco,  in- 
cluding lender — tons 103 

60 

1 
^2      i 

Adhesive  weight  of  loco, 
—tons 75 

60 

-20 

Maximum  speed  (up 
grade)  km    per  houror 
miles  per  hour ;   25  km.  (15.5  m.) 

45  km.  (28  m.)             80 

Commercial  speed  i  up      i 
gr«de) 
a— Passenger  trains...!  2.'.3  km.  (1.38  m.) 
1)— Freight  trains [  20.8  km.  (I.W  ni.) 

S9.1  km.  (24.3m.)           75 
39.1km.  (21.3  m.)           88 

Number  of  up  trains  ac- 
cording to  schedule 

28C) 

S4(») 

21.5 

Actual  number  of  trains 
run, 

24(») 

33(') 
42(M 
41C) 

37.5 
76.5 
71 

Ma.Kimum  number  of  up 
trains 

37(') 

56C) 
84(') 

5i 
127 

Hat  o  between  number  ol 
loco,  in  service  aud  No. 
of  trains    as    given  in 
schedule  

5.35 

2.49 

— )S 

I 

Weight         (single  loco 

of             -  double  loco 

trains          (triple    loco 

170  tons 
310  tons 
4.5'itoiis 

200                           17 
■i'M                           26 
4.^1                         20 

Ratio  in  per-  f 

weight  of     i  ^i"Kl'=  IfX^o 
loco  to      i  double  loco 
hauled       1  '^'Ple  '°«o. 
weight       [ 

.57 
62 
61 

30 
30 
34 

—47.5 
—51 
-  47.5 

Ratio  in  per-  f 

c.;nt  of  loco,  t  .«Jingle  loco, 
weight  to    -;  double  loco, 
weight  of     1  triple    loco. 
train        L 

36.3 
38.5 
38.3 

23.1 

23.6 
25.4 

—30  5 
—39 

-3.1.5 

Ratio  of  haul-  d  weiiiht 
to  locomotive  «ciglil. 

1.65C*) 

3.17                       92 

Number  of  freight  cars 
(up  traius) 

165(=>) 

348(*)to525(")        103—218 

(Actual  freight'                               |       ,,„„„,  „ 
-'and  pa,<iseuger                                  !        n2  331C')                  7n 
Capacity  Iservce.                         '054(')                   \ir,05i("^)                12,s 

0'  ""'^  J  Maxiraum    _                                             117  300C)                  153 
1^ freight  service            6820(')                   127  900(")                  310 

(')— Schedule  lor  summer  19.0.  (-'J-Sclicdule  for  wiuter  1913.  (>)— 
-^verufce  for  year  19ii)  10.  (<)— Average  for  year  l'."ll-2.  («)— Service  in 
April  L913.  (")— Scrvicu  in  Augu-t  1913  i  M  — As  outliiud  bv  Gjvernment 
Committee.  (") -Service  cverv  15  minutes.  ("  i— Every  10  niiuutes.  ('")— 
Locomo.ive  (gr.  470).  (")  -Averag-  .ii  year  1911-12  reduced  lo  20  hours 
serrioe.    ('-)— Servi.-e  in  .4ugus   reduced  to  20  hours. 

19.    This  was  published  by  the  railway  administration 
in  its  report  to  the  Minister  of  Public  \\  orks,  1911-12. 


trie.  From  this  diagram  it  can  be  seen  that  the  max- 
imum quantity  of  accumulated  goods  reached  540000 
tons  in  1909  and  only  300 cxx)  tons  in  191 1.  And  con- 
sidering the  worst  period  of  the  year,  October  to  Jan- 
uary, the  average  values  of  accumulated  goods  was 
484  5(X)  and  246  600,  that  is,  a  maximum  of  80  per- 
cent and  an  average  of  96.5  percent  more  goods  ac- 
cumulated during  the  steam  service. 

In  this  case  electrification,  besides  solving  a  rail- 
way problem,  increasing  the  capacity  of  a  line  so  as 
to  take  care  of  the  growth  of  the  traffic  for  many  years 
to  come,  has  solved  at  the  same  time  a  different  but 
serious  problem,  the  excessive  accumulation  of  goods 
in  the  docks  during  a  part  of  the  year;  an  accumula- 
tion which  caused  great  inconvenience  and  very  con- 
siderable loss.  Thus  the  electrification  has  produced 
an  increase  in  the  capacity  of  the  Giovi  line  and  ind-- 
rectly  an  increase  in  the  capacity  of  the  harbor  of 
Genoa  and  very  likely  may  do  away  with  the  build- 
ing of  the  direct  line  with  the  20  km.  (12.4)  mile  tun- 
nel which  was  estimated  to  cost  not  less  than  $30000- 
000. 

CONCLUSION 

The  above  mentioned  results  obtained  by  the  elec- 
trification of  the  Giovi  line  constitute  one  of  the  best 
examples  of  the  suitability  of  the  electric  motor  for 
service  rendered  up  to  now  by  the  steam  engine.  The 
Giovi  line  has  been  regenerated  by  three-phase  electri- 
fication. The  line  was  of  such  importance  to  traffic 
that  its  electrification  was  decided  upon  to  improve 
existing  conditions,  even  if  that  would  mean  an  in- 
crease in  the  operating  expenses.  However,  the  re- 
sults from  an  economic  point  of  view  have  been  far 
better  than  expected  and  have  constituted  for  the  Ital- 
ian State  Railway  a  very  great  success.  A  very  de- 
tailed and  careful  examination  made  by  the  adminis- 
tration of  the  Italian  State  Railway  has  shown  that 
the  running  expenses,  including  interest  and  deprecia- 
tion on  the  investment,  have  been  reduced  22.5  per- 


FIG.     17 — A    COMPARISON    OF    THE    MOST    MODERN    TYPE    OF    STEAM    LOCOMOTIVE    WITH    THE    ELECTRIC 

The  latter,  while  practically  only  half  the  size  of  the  former  outfit,  is  in  the  neighborhood  of  twice  the  capacity. 

This  diagram  compares  the  year  1909-10,  the  last  of     cent,  notwithstanding  the  fact  that  the  electric  energy 
steam  service,  with  the  year  1911-12,  the  first  of  elec-      is  produced  by  a  steam-electric  plant  and  that  the  sta- 
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tion  capacity  is  not  yet  fully  utilized.  What  Galileo 
Ferraris,  in  1904,  stated  in  his  paper  on  the  "Trans- 
mission of  Electric  Energ)-,"  has  been  realized  in  this 
electrification ;  namely,  that  electrification  would  rend- 
er traction  most  economical  in  those  cases  where 
steam  traction  was  most  expensive. 

As  regards  the  relative  merits  of  the  various  sys- 
tems, the  Italian  State  Railway  are  sufficientlj-  satis- 
fied with  the  three-phase  .system  to  extend  it  to  all 
their  lines  as  conditions  will  require  it.  Having  already 
in  service  135  three-phase  electric  locomotives,  of 
which  1 10  are  of  the  Giovi  type  with  a  total  capacity 
of  261  200  horse-power,  they  are  considering  the  elec- 
trification of  new  lines  not  on  theoretical  considera- 
tions but  from  the  results  of  actual  experience.  On 
account  of  the  large  increase  in  the  capacity  of  the 
lines  through  three-phase  electrification,  it  will  be  un- 
necessary to  double  the  track  on  single  track  lines 
where  the  traffic  is  getting  too  heavy  and  where  the 
expense  of  doubling  the  track  would  be  very  high ;  be- 
sides, on  account  of  the  elimination  of  smoke  thev  will 


where  the  traffic  is  heavy  enough  to  warrant  their  elec- 
trifuation. 

Before  closing  it  will  not  be  out  of  place  to  say 
a  few  words  on  the  much  discussed  question  of  the 
choice  of  systems,  which  until  recently  has  been  based 
more  on  theoretical  considerations  than  on  actual  re- 
sults. During  the  last  ten  years  the  discussions  on 
the  different  systems  of  electric  traction  have  been 
very  active  and  have  aroused  probably  more  interest 
than  any  other  proposed  application  of  electricity. 
K.xamining  carefully  and  without  conscious  prejudice 
the  various  arguments  which  have  been  put  forth  in 
these  discussions,  it  will  be  found  that  they  have  been 
largely  of  a  literary  nature,  based  upon  theoretical 
preferences  rather  than  on  actual  results.  Those  who 
have  followed  all  the  details  will  recall  that  most  of 
the  deductions  and  conclusions  were  arrived  at  by 
means  of  calculations  which  though  very  e.xact  in 
their  development  were,  however,  based  on  certain 
arbitrary  assumptions  which  were  rarely  realized  in 
practice.     .\    few   years   ago,   the  end   of  the  direct- 
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be  able  to  improve  greatly  the  service  on  lines  with 
many  tunnels  as  is  the  case  on  most  Italian  lines.  To 
this  will  be  added  the  advantage  of  a  reduction  in  the 
running  expenses  and,  by  utilizing  to  a  larger  extent 
the  hydraulic  power  not  yet  developed,  they  may  re- 
duce the  importation  of  coal  which  represents  a  heavv 
expenditure  for  the  country.  Again  it  is  not  simply 
the  large  saving  due  to  the  characteristics  of  this  sys- 
tem, such  as  the  lightness  of  the  locomotive  and  the 
regeneration  of  power,  but  more  especially  the  char- 
acteristic of  maintaining  high  speeds  on  the  up-grade 
with  high  tractive  eflfort  and  high  efficiency,  which  de- 
termines the  capacity  of  the  lines. 

It  is  true  that  the  Giovi  section  of  the  line  is  es- 
pecially suited  to  three-phase  traction,  but  the  elec- 
trification of  the  other  sections  of  the  line  which  are 
nearly  level  and  which  are  sened  by  the  same  locomo- 
tives has  shown  (as  in  the  \'altellina  lines)  that  the 
advantages  of  a  light  and  powerful  locomotive  having 
few  and  fixed  speeds  can  be  felt  even  on  level  lines 


current  system  was  prophesied  as  it  was  then 
thought  impracticable  to  use  voltage  higher  than  600 
or  700  volts.  Similarly  the  single-phase  locomotive 
was  considered  by  some  the  ultimate  solution  of  the 
railway  problem,  while  the  three-phase  system  also 
had  its  ardent  advocates.  Even  today  discussions  of 
these  questions  are  often  based  on  calculated  rather 
than  actual  results  which  are  seldom  known,  because 
of  the  unwillingness  of  railway  companies  using  the 
various  systems  to  divulge  their  operating  costs, 
whicli  therefore  cannot  often  be  used  in  such  discus- 
sions ;  and,  further,  because  the  conditions  of  diflfer- 
ent  lines  and  in  different  countries  vary  to  such  an 
extent  as  to  make  them  incomparable.  These  are  the 
most  important  reasons  why  this  general  question  of 
the  svstem  of  traction  to  be  chosen  has  not  yet  been 
solved.  The  problem  was  considered  at  the  beginning 
entirelv  from  the  standpoiont  of  electro-technics,  as 
electrical  engineers  were  naturally  uninformed  as  to 
the  technique  of  railroad  operation,  and  thought  it  in- 
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dispensable  that  tluTc  be  only  one  interchangeable 
system  of  traction.  In  addition  many  electrical  en- 
gineers had  failed  to  realize  that  the  introduction  of 
the  electric  locomotive  should  be  the  means  to  the 
desired  entl,  and  not  the  final  goal  to  be  attained. 
This  state  of  affairs  explains  the  neglect  of  many 
electrical   engineers   to   consider   the   question   of   the 
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FIG.  ig — CURVES  SHOWING  THE  REL.\TIVE  AMOUNTS  OF  GOODS 
ACCUMULATED  ON  THE  GENOA  DOCKS  WITH  STEAM  AND  ELEC- 
TRIC  SERVICE 

The  upper  curve  is   for   1909-10,  with  steam  service   and 
the  lower  for  1911-12  with  electric. 

weights  of  locomotives,  and  also  explains  the  unreal- 
ized dreams  about  revolutionizing  the  operation  of 
railroads  by  electric  traction.  Railway  service  has  ar- 
rived at  such  a  high  degree  of  development  that  it 
does  not  permit  of  sudden  or  radical  changes,  as  H. 
Spencer  long  ago  had  foreseen. 

A  step  forward,  however,  as  regards  the  choice 
of  system  was  made  at  the  Railway  Congress  at 
Berne  in  1910  and  at  the  International  Electrical  Con- 
gress at  Turin  in  191 1,  when  it  was  agreed  that  each 
system  had  its  own  peculiar  field  and  that  the  system 
of  traction  to  be  employed  is  a  problem  which  can  be 
solved  only  when  the  conditions  in  each  case  are  care- 
fully considered.  This  sane  conclusion  gave  pause  to 
those  who  had  looked  forward  to  the  adoption  of  a 
single  system  of  electric  traction  for  all  the  world. 
In  reality  this  agreement  was  nothing  new,  as  the 
policy  of  choosing  the  system  of  traction  according 
to  the  peculiar  conditions  of  each  individual  case  had 
already  been  actually  established  in  many  places. 

Whatever  may  be  the  future  development  of  the 
various  systems,  which  is  very  difficult  at  this  moment 
to  foresee,  it  is  a  fact  that  now,  after  many  years, 
very  few  results  of  railroad  electrification  are  a\ail- 
able  for  comparisons.  By  carefully  perusing  all  the 
technical  literature,  although  one  may  find  material 
regarding  the  results  of  direct-current  and  three- 
phase  railway  electrifications,  there  has  so  far  been 
very  little  published  of  the  results  of  single-phase 
electrification. 


If  we  limit  our  research  to  trunk  lines,  we  find 
the  actual  results  publi,shed  up  to  this  time  are  very 
few.  Even  in  the  United  .States  there  is  not  more 
than  one  single-phase  line,  which  is  really  a  trunk  line, 
the  operating  results  of  which  have  been  published, 
and  that  is,  the  New  York,  New  Haven  and  Hartford 
Railroad.  It  is  to  be  hoped  that  in  Europe  also  the 
actual  results  of  single-phase  electrification  will  be 
published. 

So  far  as  information  regarding  three-phase 
electrification  is  concerned,  Italy  has  supplied  the 
most  striking  example  of  this  system,  and  for  the  last 
ten  years  official  and  private  publications  have  sup- 
plied all  the  available  technical  and  economic  data 
and  results,  and  perhaps  the  reason  why  these  results 
are  not  better  known  is  due  to  the  fact  that  the  Italian 
language  is  not  well  known  in  the  technical  world  and 
in  most  industrial  countries,  but  if  these  results  had 
been  better  known  they  certainly  would  have  modi- 
fied a  great  many  wrong  ideas  held  with  respect  to 
that  system. 

Of  all  the  results  of  the  three-phase  system  pub- 
lished up  to  this  time,  the  increase  in  the  capacity  of 
steam  lines  where  the  traffic  has  become  too  heavy  is 
certainly  one  of  the  most  important,  and  we  have  en- 
deavored to  illustrate  this  result  as  shown  by  the 
Giovi  electrification.     It  is  a  result  that  is  common  to 


FIG.     20 — DETAILS    OF    OVERHEAD    CONSTRUCTION    ON     THE    THREE- 
PHASE    LINES   OF   THE    ITALIAN    ST.\TE    RAILWAY 

a  certain  degree  to  all  systems  but  under  the  condi- 
tions in  Italy  to  a  greater  extent  to  the  three-phase 
system.  It  is  hoped  that  where  similar  results  have 
been  obtained  by  other  systems  they  be  made  known 
to  all  for  the  good  of  the  electrical  industry. 


Reference  publication — Rivisia  Tccnica  delta  Ferrovie 
Italiaiic — .^nno  III.  Vol.  V,  No.  i.  Report  to  the  Italian 
government  hv  the  committee  headed  bv  Senator  Adarnoli. 


High  Speed  Rotary  Converters 


J.  L.  McK.  Yakdley 

Power  Engineering  Department, 
Westinghouse  Electric  &  Mfg.  Company 


THE  INCREASE  in  speed  of  rotary  converters 
for  a  given  rating  which  has  taken  place  dur- 
ing the  past  five  years  followed  the  increase 
in  steam  pressure  and  the  use  of  superheat  in  prime 
movers,  and  was  for  the  same  purpose,  that  is,  to 
secure  higlier  economy.  Before  the  turbine  and  super- 
heater came  into  use,  when  it  was  found  that  an  in- 
crease of  capacity  per  pound  of  material  could  not 
be  obtained  in  a  reciprocating  engine  by  a  further  in- 
crease in  speed  owing  to  the  non-uniform  stresses  of 
reciprocating  motion,  recourse  was  had  to  a  higher 
steam  pressure.  This  higher  pressure  of  course 
caused  higher  internal  stresses  in  engine  and  boiler. 
One  did  not  hear,  however,  of  more  but  rather  of 
fewer  explosions  with  the  high  pressure  boilers  than 


reached  four  years  ago.  The  increased  stresses  due 
to  the  increased  angular  velocity  and  to  the  increased 
beam  lengths  in  the  rotating  parts  are  still  so  very  far 
below  the  stresses  encountered  in  the  turbo-generator 
as  to  ])rescnt  a  comparatively  simple  problem  in  de- 
sign. With  the  existing  knowledge  on  the  subject, 
there  are  no  diflicult  problems  in  the  mechanical  de- 
sign of  the  rotary  converter  and  no  troubles,  so  far  as 
the  writer  knows,  have  been  experienced  which  could 
be  attributed  to  the  high  speed  itself. 

The  curves  in  Fig.  2  are  of  historical  interest  and 
show  what  is  being  done  and  what  may  reasonably  be 
expected  in  the  relationship  'between  speed  and  kilo- 
watts. Curve  /,  with  the  individual  ratings  as  indi- 
cated, shows  this  relationship  in   1908-9.     In   1909-10 


I — WINDEMERE    SUBST.'\TION    OF    THE    CLEVELAND    RAILWAYS    tOMPANY 

Four  I  500  kilowatt,  60  cycle  Westingliouse  rotary  converters. 


with  the  old  low  pressure  boiler.  No  one  imagined 
that  these  internal  stresses  did  not  exist  and  their  use 
was  freely  permitted.  Every  one  appreciated  that  the 
need  of  balancing  an  action  by  an  equal  and  opposite 
reaction  was  fully  recognized  in  design. 

The  modern  rotary  converter  occupies  quite  as 
advanced  a  position  in  its  particular  field  as  does  the 
turbine.  It  drives  nothing  mechanically  and  is  driven 
by  nothing  and,  as  the  motion  of  its  moving  parts  is 
purely  rotational,  there  has  been  nothing  to  prevent 
its  speed  from  being  increased  to  the  economical  limit. 
While  the  peripheral  velocities  employed  in  modern 
standard  rotary  converters  are  somewhat  higher  than 
those  employed  in  the  earlier  machines  ten  or  fifteen 
years  ago,  they  have  not  been  pushed  beyond  values 


three  machines  were  built,  as  indicated  by  the  points 
of  curve  //,  of  which  the  500  and  i  000  kilowatt 
units  were  for  60  cycles  and  the  3  ooo  kilowatt  unit 
for  25  cycles.  Curve  //,  determined  by  these  ma- 
chines, shows  the  maximum  ratings  obtainable  with- 
out employing  commutating  poles. 

.\fter  191 1  the  principal  manufacturers  of  rotary 
converters  turned  to  commutating  poles.  One  manu- 
facturer built  a  line  of  railway  rotary  converters  as 
indicated  by  the  points  of  curve  ///,  most  of  which 
were  for  25  cycles.  The  60  cycle  machines,  one  a 
I  000  kw  at  720  r.p.m.  and  the  other  a  i  500  kw  at 
600  r.p.m.,  are  considerably  in  advance  of  this  curve. 
The  Vs'estinghouse  Company  built  a  line  of  25  and  60 
cy^le  commutating-pole  rotary  converters,  indicated  by 
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curve  //'.  The  increase  in  output  for  a  given  speed 
amounted  to  33-1/3  percent  over  the  largest  possible 
non-commutating  pole  machines  shown  by  curve  //. 
That  these  developments  were  for  the  sake  of 
economy  and  that  the  purchasers  secured  the  full 
benefit  of  them  is  shown  by  the  following  data  refer- 
ing  to  this  manufacturers  product: — 

I — In  1912  the  selling  pi  ice  per  kilowatt  of  the  total 
output  in  rotary  converters  of  this  manufacturer  was  84.5 
percent  of  the  191 1  ligure  and  in  1913  it  was  only  66.5  per- 
cent  of  the  191 1  figure. 

2 — ^Thc  weights  dropped  to  from  42  percent  to  65  per- 
cent of  those  of  the  macliines  on  curves  I  and  II,  thereby 
reducing  mate.ially  the  expense  of  sliipping  and  handling. 
This  reduction  in  weight  resulted  partially  also  from  a 
more  extended  use  of  steel  in  the  magnetic  circuit  at  a 
higher  cost  per  pound. 

3 — The  floor  space  occupied  was  reduced  to  from  47 
to  73  percent  of  the  floor  space  occupied  by  the  machines 
of  curves  I  and  II,  resulting  in  immense  savings  in  the 
substation  costs. 

4 — The  maximum  momentary  overload  guarantee  was 
increased  from  75  to  100  percent  and  in  some  cases  to  200 
percent.  The  50  percent  overload  guarantee  was  increased 
from  one  to  two  hours.  In  regard  to  this  it  should  be 
stated,  however,  that  the  majority  of  the  rotary  converters 
in  1908-9  were  equally  good  for  these  increased  overload 
guarantees  had  there  been  a  demand  for  them. 

5 — The  efficiencies  were  increased.  In  the  case  of  the 
25  cycle  converters,  the  increase  amounted  to  only  a  few 
tenths  of  a  percent  at  full  load,  though  at  light  loads  the 
increase  was  materia!.  In  the  case  of  the  60  cycle  con- 
verters, it  amcunted  to  from  one  to  three  percent  at  full 


FIG.    2 — CURVES    SHOWING    REL.^TIONSHIP    BETWEEN    SPEED    AND 
KILOWATT    RATING    OF    ROTARY    CONVERTERS 

load.  It  is  really  remarkable  how  the  efficiencies  of  60 
cycle  rotary  converters  have  been  improved,  until  now  at 
three-quarters  load  they  are  only  1.5  to  two  percent  below 
and  at  full  load  scarcely  more  than  one  percent  below  the 
efficiencies  of  the  corresponding  25  cycle  rotary  convert- 
ers. Comparing  an  install.Ttion  of  60  cycle  rotary  con- 
verters and  transformers  with  a  corresponding  25  cycle 
installation,  the  difference  in  efficiency  is  even  less,  owing 
to  the  superior  efficiency  of  the  60  cycle  transformers. 
Mr.  L.  P.  Cfecclius,  *  described  a  large  installation  of  I  000 
and  I  500  kilowatt,  60  cycle  railway  rotary  converters, 
shown  in  Fig  i,  wliich  operate  by  means  of  transformers 
from  an  1 1  000  volt  transmission  line.  He  gave  an  overall 
substation  efiiciency  for  the  period  of  one  month  of  92 
percent,  which  is  certainly  an  achievement. 

6 — The  k.v.a.  input  required  for  alternating-current, 
self-starting  has  been  materially  reduced,  the  "reduction 
amotinting  to  at  least  33%  percent.  None  of  the  25  cycle 
machines  on  curve  IV  require  more  than  35  percent  of 
the  full  load  k.v.a.  from  the  line  at  starting  and  none  of 
the  60  cycle  machines  require  more  than  84  percent. 

Obviously,  these  are  the  points  which  should  be 
considered  in  buying  a  rotary  converter,  rather  than 
speed,  diameter  and  length  of  commutator  or  arma- 
ture, volts  per  bar,  brushes  per  arm,  current  densi- 


ties, etc.,  which  may  or  may  not  be  in  accord  with 
one's  experience  or  preconceived  ideas.  Only  those 
who  have  worked  for  a  long  time  with  these  quantities 
really  know  whether  the  relationship  between  them  is 
good  or  bad.  Others  who  attempt  to  weigh  one  point 
of  design  against  another,  as  though  weighing  tea  or 
some  other  commodity,  are  more  than  likely  to  reach  a 
wrong  conclusion  through  inadequate  acquaintance 
with  the  premises.  Even  tea  is  bought  by  the  taste 
rather  than  by  the  pound,  by  the  discriminating 
drinker;  and  rotary  converters  should  be  bought  by 
their  performance  rather  than  by  the  "volts  per  bar" 
or  "amperes  per  arm."* 

If  a  justification  for  the  rotary  converters  of 
curve  ir.  Fig.  2,  were  necessary,  it  is  found  in  some 
machines  which  exceed  that  curve.  As  previously 
mentioned,  one  manufacturer  has  built  a  i  500  kilo- 
watt, 60  cycle,  600  volt  rotarv-  converter  at  600  r.p.m. 
This  machine,  though  operating  at  the  end  of  a  long 
transmission  line  subject  to  frequent  disturbances,  is 
giving  an  excellent  account  of  itself.  The  Westing- 
house  Company  is  building  a  i  000  kilowatt,  60  cycle, 
600  volt,  900  r.p.m.  rotary  converter  and  a  4  000  kilo- 
watt, 23  cycle.  600  volt,  214  r.p.m.  rotary  converter, 


FIG.   3 — A  25110   KILOWATT.  6o  CYCLE.  4OO  P.   P.    M.    WK5TIXGH0USE 
ROTARY    CONVERTER    WITH    INDUCTION    MOTOR    STARTER 

and  has  already  built  a  2  500  kilowatt,  six  phase,  60 
cycle,  500  volt,  400  r.p.m.  rotary  converter.  This  last 
named  machine  determines  curve  V,  Fig.  2.  Inasmuch 
as  from  the  point  of  view  of  "high  speed"  this  rotarj' 
converter  is  the  hardest  rated  machine  which  has  ever 
been  built,  it  is  described  in  some  detail,  giving  the  re- 
sults which  have  been  obtained  in  operation  at  the 
Maryville,  Tenn.,  Plant  of  the  Aluminum  Company 
of  America,  of  an  installation  of  nine  of  these  rotary 
converters  since  they  were  started  up  early  in  March, 
1914. 

Four  of  these  machines  operate  from  the  four  in- 


*In  a  paper  read  before  the  Cleveland  section  of  the 
American  Irstitute  of  Electrical  Engineers.  March  23,  1914. 


*In  the  .\.  I.  E.  E.  discussion  at  Cleveland,  March  23. 
1914.  the  writer  gave  a  long  list  of  installations  of  modern 
hi.gh-speed  rotary  converters,  showing  how  rapid  has  been 
the  extension  in  their  use.  and  in  a  written  discussion  con- 
tributed on  June  12.  1914,  to  the  report  of  the  National  Elec- 
tric Light  -Association's  Committee  on  Electrical  Apparatus, 
referring  to  synchronous  converters  versus  motor-genera- 
tors, the  writer  gave  the  overall  efficiencies,  floor  space  and 
weights  of  some  existing  installations  of  high-speed  rotary 
converters  with  step-down  transformers. 
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dependent  secondaries  of  each  of  two  three-phase, 
10 000  kilowatt  transformers;  the  ninth  is  a  spare. 
Eight  of  them  were  made  self-starting  from  either 
side  and  one,  for  the  sake  of  greater  flexibility,  was 
made  induction  motor  starting,  with  10  percent  greater 
cost  and  weight.  This  latter  is  shown  in  Fig.  3.  Tlie 
Aluminum  Company  prefers  to  start  the  one  converter 
by  the  starting  motor  and  the  remainder  from  the  di- 
rect-current ends ;  and  the  operators  have  been  able 
to  start,  synchronize  and  put  load  on  six  converters 
in  seven  minutes.  One  of  the  features  of  this  machine 
is  its  ability  to  carry  5  000  amperes  continuously  at 
300  volts,  400  volts  or  500  volts  on  the  direct-current 
end  when  a  suitable  alternating  voltage  is  applied.  It 
will  carry  5  000  amperes  at  500  volts  continuously 
without  the  temperature  rise  exceeding  35  degrees  C. 
on  any  part  except  the  commutator,  and  on  that  the 
temperature  rise  will  not  acceed  40  degrees  C.  The 
full-load  continuous  run  may  be  followed  by  a  two 
hour  run  at  7  500  amperes,  500  volts,  at  the  end  of 


severe  atmospheric  disturbances.  Despite  excessive 
swings  of  voltage  and  frequency,  the  rotary  converters, 
unprotected  by  quick  acting  relays,  have  shown  a  sur- 
prising disposition  to  run  through  these  storms  with- 
out damage. 

In  some  minds  the  question,  in  regard  to  the  mod- 
ern rotary  converter,  has  been  as  to  how  will  it  act 
under  abnormal  pulsating  conditions  such  as  are  likely 
to  occur  at  the  end  of  a  transmission  line  during  a 
storm.  In  regard  to  this  the  following  is  quoted  from 
a  letter  written  by  the  electrical  engineer  in  charge  of 
the  installation  shown  in  Figs.  4  and  5 : — 

"We  naturally  have  to  anticipate  an  occasional  mo- 
mentary fluctuation  of  voltage  of  more  than  30  percent  due 
to  momentary  short-circuits  somewhere  on  the  power  com- 
pany's distribution  system.  .'\ny  device  which  will  throw 
the  rotary  converters  out  on  an  instantaneous  voltage  fluc- 
tuation of  more  than  30  percent  would  be  apt  to  cause  quite 
frequent  interruptions  which  would  be  wholly  unnecessary 
if  such  devices  had,  say,  a  one-second  time  limit.  As  a 
matter  of  fact,  our  people  state  that  the  rotary  converters 
stay  in  and  do  not  flash  over  with  a  momentary  voltage 
drop  of  50  percent." 
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The  largest  installation  of  60  cycle 

which  the  corresponding  temperature  rises  will  not 
exceed  50  and  60  degrees  C.  These  are  the  guaranteed 
figures  which  were  met  on  test  with  a  large  margin. 
The  efficiencies,  including  all  measurable  losses,  are  : — 


Percent  Load.. 

50 

75 

100 

Il9^        1 

Percent  Efficiency 

92.3 

94.4 

95.4 

95.5 

In  this  machine  the  peripheral  velocity  of  the  arm- 
ature is  approximately  9  400  feet  per  minute  and  of 
the  commutator  5  500  feet  per  minute.  The  length  of 
the  commutator  face  is  approximately  24  inches  and, 
although  the  largest  for  the  speed  ever  built,  no  diffi- 
culties were  met  in  construction  and  no  troubles  have 
been  experienced  in  operation.  Figs.  4  and  5  show 
views  of  this  installation,  which,  totalling  22  500  kilo- 
watts, is  the  largest  in  the  world  of  60  cycle  rotary 
converters.  It  is  placed  at  the  end  of  a  76  mile,  66  000 
volt  transmission  line,  which  is  subjected  to  some  very 
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rotary  converters  in  the  world. 

Some  flashovers  have  indeed  been  experienced, 
under  the  worst  conditions,  but  the  resulting  burning 
of  direct-current  brush  holders  and  arms  has  been  so 
slight  that  in  every  case  the  rotaiy  converters  have 
been  made  ready  for  service  again  in  a  very  short  time. 
In  regard  to  this  the  engineer  in  charge  of  operation 
is  quoted  as  follows : 

"The  alternating-current  graphic  curve-drawing  volt- 
meter, connected  on  the  low-tension  side  of  the  power 
transformers,  registered  voltage  swings  from  355  volts 
(normal,  for  si.x-phase  double  delta  connection)  to  600 
volts,  then  down  to  200  volts,  then  up  again.  It  was  during 
these  high  swings  that  the  converters  would  'flash  over;' 
the  low  dips  would  give  us  very  little  trouble  as  we  would 
manage  to  stay  on  the  line,  with  only  a  little  flashing — -i.e.- 
shooting  sparks,  not  amounting  to  a  'flash  over.'  " 

These  abnormal  conditions  during  lightning 
storms  will  in  time,  undoubtedly,  be  largely  elimin- 
ated by  the  power  company,  by  suitable  protective  de- 
vices on  the  transmission  line.  In  the  interval  they 
are  providing  opportunities  for  the  apparatus  con- 
nected to  the  line  to  give  some  instructive  demonstra- 
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tions  of  its  riiggcdness.  They  exceed  anything  it  was 
reasonable  to  contemplate  as  permissible  for  the  satis- 
factory operation  of  synchronous  apparatus;  hence  it 
is  not  surprising  that  at  first  it  was  thought  it  would 
be  necessary  to  take  immediate  steps  to  provide  tiie 
rotary  converters  with  fairly  sensitive  low  voltage 
and  over-voltage  relays.  To  again  quote  the  same 
electrical  engineer : — 

"You  must  bear  in  mind,  however,  that  occasional 
short-circuits  on  distribution  systems  are  absolutely  un- 
avoidable and  machines  so  sensitive  that  they  will  with- 
stand no  disturbance  whatever  are  not  commercially  prac- 
ticable. From  the  writer's  oiiservation  of  the  behaviour 
cf  the   machines   and   the   reports  received   from   our  own 


people,  we  believe  that  these  machines  arc  in  this  respect 
much  better  able  to  take  care  of  the  conditions  which  ob- 
tain tlian  you  apparently  believe." 

There  have  been  many  reports  such  as  these,  with 

reference  to  the  various  operating  characteristics  of 

these  2  500  kilowatt,  4CX)  r.p.m.  rotary  converters,  all 

of  which  indicate  that  the    attitude    of    mind    of    the 

manufacturer  has  been   a  conservative  one.     It  has 

been  a  sincere  belief  in  the  advantages  of  high  speed 

and  a  faithful  endeavor  to  attract  the  attention  of  the 

public  to  them  which  has  brought  about  these  results, 

and  not,  as  some  at  one  time  thought,  a  question  of 

having,  "gone  wild  over  the  subject  of  speed." 


Equipment  for  Electric  Arc  Welding 

E.  S.  ZucK 

General  Engineering  Department, 

Westinghouse  Electric  &  Mfg.  Company 

IN  THE  JOURNAL  for  January,  1914,  some  of  the  more  important  applications  of  arc  welding  were 
described.  Little  was  said,  hoivever,  regarding  the  apparatus  required,  and  it  is  the  purpose  of  this  arti- 
cle to  indicate  the  equipment  found  most  satisfactory  and  to  explain  the  method  of  operation. 


THE  QUESTION  often  arises  as  to  what  equip- 
ment is  essential  for  the  practice  of  arc  weld- 
ing. In  the  early  days  of  the  art.  resort  w-as 
made  to  various  types  and  arrangements  of  apparatus, 
most  of  which  was  home  made  or  else  modified  to  suit 
the  special  conditions.  For  instance,  water  barrel 
rheostats  formed  a  part  of  many  early  welding  plants. 


FIG,    I — TVri     UF    .MOTOH-MM  KAli.iR    SET    ISKD    IN    .\RC    WELDING 

The  increasing  use  of  arc  welding  in  steel  foundries. 


4 — Electrode  holders  for  carbon  and  metallic  elec- 
trodes. 

5 — Protective  coverings  for  the  operator. 

6 — Welding  materials,  such  as  spare  metallic  and  carbon 
electrodes,  flux  and  filling  material. 

Molding  blocks,  fire  clay,  and  preheating  furn- 
aces are  sometimes  required  for  special  applications, 
but  are  not  considered  essential  for  average  commer- 
cial work. 

GENERATING    EQUIPMENT 

Arc  welding  is  inherently  a  low  voltage  applica- 
tion of  power,  and  although  welding  can  be  done 
from  direct-current  circuits  of  no,  220  and  550  volts, 
this  practice  is  extremely  wasteful  and  should  only  be 
permitted  when  the  saving  to  be  made  by  arc  welding 
is  so  great  that  the  cost  of  power  can  be  neglected. 
Direct-current  generators  delivering  75  volts  or  there- 
abouts are  now  in  almost  universal  use  to  supply 
power  for  welding  systems,  and  since  practically  all 
shops  and  mills  are  now  operated  by  electric  power, 
the  usual  practice  is  to  install  a  motor-generator  set. 
If  electric  power  is  not  available,  the  welding  genera- 
tor can  be  driven  by  a  steam  or  gasoline  engine,  either 
belted  or  direct-connected. 

Welding  generators  should  be  compound-wound 
in    practically  all    cases    and    should    have    commu- 


machine    shops,    electric    and    steam    railway     repair     ^^^-^^^  ^^^^^^  ^^  account  of  the  heavy  overloads  inci 


shops,  ship  yards  and  steel  mills  has  produced  a  de 

mand   for  welding  outfits  specially  designed  to  meet 

the  requirements    of    this    interesting    application  of 

electric  power. 

A  complete  arc  welding  outfit  should  include: — 

I — -^  low  voltage,  direct-current  generator. 

2 — A  switchboard  for  the  control  of  the  generator. 

3 — Outlet  control  panels  for  the  various  welding  cir- 


cuits. 


a — Combination     carbon     and     metallic     electrode 

welding, 
b — Metallic  electrode  welding  onlv. 


dent  to  welding  work.  The  amount  of  compounding 
for  best  results  depends  upon  the  service;  in  some 
cases  flat  compounding  may  be  best,  while  in  others  it 
may  be  necessary  to  overcompound  from  three  to 
four  percent  at  full  load.  The  latter  amount  is  espe- 
cially desirable  with  induction  motor  drive,  on  ac- 
count of  the  drooping  speed  characteristic.  A  600 
ampere  welding  motor-generator  driven  by  an  alter- 
nating-current motor  is  shown  in  Fig.  i.     The  capa- 
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city  of  the  motor-generator  set  is  determined  largely 
by  the  class  of  welding  to  be  done  and  the  number  of 
operators  working  simultaneously.  From  the  stand- 
point of  heating,  the  rating  of  the  machines  is  not 
of  particular  importance  because  welding  is  essen- 
tially an  intermittent  service.  If  the  arc  is  used  for 
cutting  work,  such  as  risers  on  steel  castings,  then  the 


FIG.     2 — .SCHEMATIC     DIAGRAM     OF     ARC     WELDING     ARRANGEMEXT 
FOR   GENERAL   WORK 

service  may  approach   continuous  operation,   and   al- 
lowance must  be  made  for  such  conditions. 

SWITCHBO.\RD    AND    CONTROL    APPARATUS 

Switchboard  and  control  apparatus  for  arc  weld- 
ing has  passed  through  a  period  of  development,  dur- 
ing which  a  number  of  schemes  have  been  used  to  a 
greater  or  less  extent.  The  first  welding  plants  were 
one  man  outfits,  so  arranged  that  the  welding  was  done 
in  an  enclosure  adjacent  to  the  generator  supplying 
low  voltage  power.  The  application  of  arc  welding, 
however,  has  grown  to  such  an  extent  in  several  in- 
dustries that  it  has  been  found  convenient  and  profit- 
able to  expand  the  one  man  outfit  into  a  svstem  per- 
mitting a  number  of  operators  to  work  simultaneous- 
ly at  points  scattered  over  a  considerable  territory. 
This  development  has  been  brought  about  largely  by 
the  increased  use  of  the  metallic  electrode  process, 
which  has  been  adopted  in  steam  railway  and  locomo- 
tive shops  for  many  classes  of  work. 

Until  recently,  most  control  schemes  have  used  re- 
lays and  contactor  switches,  and  have  generally  been 
more  or  less  complicated.  The  principle  involved  has 
been  that  of  starting  the  arc  through  a  high  ohmic  re- 
sistance, and  after  the  arc  is  started,  to  remove  or 
short-circuit  a  portion  of  this  resistance.  By  so  doing, 
it  is  claimed  that  the  generator  is  protected  from  the 
heavy  rush  of  current  which  normally  ensues  when 
the  electrode  is  touched  to  the  work  to  strike  the  arc. 
It  has  been  found,  however,  that  this  rush  of  current 
is  not  large,  rarely  exceeding  i6o  percent  of  the  nor- 
mal welding  current.  Furthermore,  with*  the  advent  of 
commutating-pole  generators,  the  generating  equip- 
ment has  much  better  commutating  characteristics, 
and  it  is  now  feasible  to  use  a  very  simple  system  of 
control,  eliminating  all  relays,  contactors,  etc. 


In  Fig.  2  is  shown  schematically  an  arrangement 
by  which  welding  can  be  done  either  with  the  carbon 
electrode  process,  using  current  up  to  the  full  capa- 
city of  the  generator  from  a  single  electrode,  or  with 
the  metallic  electrode  process,  in  which  case  it  is  pos- 
sible for  several  operators  to  work  simultaneously 
without  interference.  When  the  double-throw  switch 
shown  on  the  generator  panel  is  turned  to  the  right, 
the  generator  feeds  directly  to  a  bus  line.  This  bus 
line  is  connected  to  various  panel  outlets  each  one  of 
which  controls  a  welding  circuit.  Panel  outlets,  such 
as  the  one  shown  at  the  right  in  Fig.  2,  can  be  in- 
stalled at  convenient  points  where  it  is  desired  to  do 
welding.  When  the  double-throw  switch  mentioned 
above  is  thrown  to  the  left,  current  is  supplied  to  the 
bus  line  as  before,  except  that  the  adjustable  resist- 
ance at  the  generator  panel  is  connected  in  series  with 
the  line.  It  is  now  possible  for  the  operator  to  do 
heavy  carbon  electrode  welding  at  any  point  along 
the  bus  line,  by  simply  connecting  directly  to  the  line. 
Receptacles  and  plugs  make  a  convenient  method  of 
quick  connection.  It  is  necessary  to  regulate  the  cur- 
rent for  a  heavy  carbon  arc  at  the  generator  panel  by 
means  of  the  single-pole  single-throw  switches. 

The  general  scheme  of  connections  is  the  same 
in  the  generator  panel  and  the  outlet  panel.  The  out- 
let panels,  such  as  shown  in  Fig.  3,  are  designed  for 
combined  metallic  and  carbon  electrode  operation  re- 
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FIG.    3 — SWITCHBOARD    PANELS    FOR    ARC    WELDING 

Generator  control  panel  on  the  right ;  outlet  panel  on  the 
left. 

quiring  up  to  300  amperes  for  the  carbon  arc,  and  for 
the  metallic  electrode  approximately  150  amperes 

ELECTRODE  HOLDERS 

There  are  two  distinct  types  of  electrode  holders, 
as  shown  in  Fig.  4.    The  carbon  holder  consists  of  an 


THE  ELRCTRIC  JOURNAL 


567 


alumiinim  rod,  one  end  being  provided  with  a  suit- 
able connection  to  the  cable  supplying  current.  On  the 
other  end  of  the  rod  a  tube  is  welded,  this  tube  serv- 
ing as  a  receptacle  for  the  jaws  or  clamps  holding 
the  electrode  proper.  The  end  adjacent  to  the  cable 
is  provided  with  an  insulating  and  heat  resisting 
handle  and  shield,  so  as  to  protect  the  operator's  hand 
from  the  heat  of  the  arc.  This  holder,  while  liglit 
enough  to  be  handled  easily,  is  strong  mechanically 
and  has  ample  carrying  capacity  for  currents  up  to 
500  amperes.  The  carbon  electrode  is  a  hard,  solid 
carbon  rod  about  six  to  eight  inches  long  and  one 
inch  in  diamclcr. 

The  metallic  electrode  process  requires  not  over 
150  amperes  and  hence  the  holder  is  of  dififerent  de- 
sign. The  electrode  material  is  also  quite  dififerent, 
consisting  of  iron  wire  from  one-eighth  to  one-fourth 
inch  in  diameter.  The  holder  is  lighter  in  design  and 
the   disc   shield    is   omitted,    since   the   arc    is   not    so 


riG.   4 — PROTECTIVE   APPARATUS    FOR  THE   OPERATOR 

Hood,  shield  and  holders  for  both  types  of  electrodes. 

powerful  as  the  carbon  arcs.  The  clamp  is  arranged 
to  hold  electrodes  of  dififerent  sizes  without  adjust- 
ment. 

PROTECTIVE  C0VEK1NGS_ 

As  far  as  practicable,  it  is  recommended  that 
welding  be  done  within  an  enclosure  so  as  not  to  in- 
terfere with  other  work  in  the  vicinity,  and  also  for 
the  protection  of  nearby  workmen.  The  intense 
brightness  of  the  arc  requires  also  that  the  operator's 
head,  hands  and  body  be  thoroughly  protected.  Simp- 
ly shielding  the  eyes  with  a  pair  of  colored  glasses  is 
not  sufficient,  as  is  the  case  in  oxy-acetylene  welding, 
since  exposure  to  the  ultra-violet  rays  of  the  arc  pro- 
duces a  burning  very  similar  to  severe  sunburn,  which 
does  not  show  at  the  time  but  manifests  itself  after 
ten  or  twelve  hours.  For  the  protection  of  the  body, 
ordinary  clothing  is  sufficient,  while  the  hands  and 
wrists  should  be  covered  with  gauntletted  gloves.  For 
the  protection  of  the  head  the  best  device  is  a  hood, 
such  as  is  shown  to  the  left  in  Fig.  4.  It  consists 
of  a  cylinder  of  micarta  fiber,  suitably  shaped  at  the 
bottom  so  as  to  rest  easily  on  the  shoulders.  The 
support  in  front  for  the  window  holds  the  glass  sev- 
eral inches  from  the  operator's  eyes.  Hoods  may  also 
be  arranged  so  that  the  glass  window  can  be  pushed 


up  and  back,  so  as  to  permit  an  unobstructed  view  of 
the  work  without  removing  the  hood. 

The  really  important  part  of  the  hood  is  the  glass 
window.  The  iron  arc  is  rich  in  ultra-violet  rays, 
and  it  is  against  these  rays  that  the  eye  must  be  pro- 
tected. Recent  scientific  investigations  of  the  subject 
seem  to  indicate  that  the  best  arrangement  is  to  have 
three  layers  of  glass,  the  outside  thickness  being  of 
ordinary  white  glass  simply  for  protection  against  the 
heat  of  the  arc.  If  broken,  it  can  easily  be  replaced 
at  slight  expense.  The  second  layer  should  be  of  a 
greenish  or  amber  tint  and  should  be  chosen  with  re- 
gard to  its  opacity  to  the  ultra-violet  rays.*  The 
third  layer  should  be  of  a  neutral  tint  with  sufficient 
density  of  color  to  reduce  the  brilliancy  of  the  light 
of  the  arc  to  a  comfortable  degree. 

For  short  welds  a  hand  shield  may  be  used,  this 
being  constructed  of  sheet  steel,  or  aluminum,  as 
sliown  to  the  right  in  h'ig.  4.  The  hood  is  recom- 
mended for  general  use  and  nuist  be  used  when  fill- 
ing in  material  is  to  be  supplied  to  the  weld. 

WELDING    MATERIALS 

The  principal  materials  used  in  arc  welding  are 
metallic  electrodes,  carbon  electrodes,  flux  and  filling 
material.  The  kind  of  metal  used  for  metallic  elec- 
trodes is  most  important ;  one  of  the  best  materials 
is  soft  Norway  or  Swedish  iron  in  round  rods  about 
12  inches  long  and  from  one-eighth  to  five  sixteenth 
inch  in  diameter.  Low-carbon  steel  wire  has  also 
given  fair  results  in  many  cases. 

The  carbon  electrodes  are  consumed  slowly,  but 
are  subject  to  more  or  less  breakage.  Solid  carbons 
without  coring  or  graphite,  especially  manufactured 
for  welding,  can  now  be  obtained  from  several  manu- 
facturers. 

A  very  good  flux  for  wrought  and  malleable  iron 
and  steel  of  all  kinds  consists  of  a  mixture  of  15  to 
25  percent  of  red  oxide  of  iron  (Fe^Oa)  and  85  to 
75  percent  of  borax  (Na.Bo^Or).  The  theory  in  con- 
nection with  its  use  is  that  any  carbon  which  may 
have  been  introduced  into  the  weld  from  the  carbon 
electrode,  will  unite  with  the  oxj'gen  in  the  flux  to 
form  carbon  dioxide  gas  (COo)  leaving  pure  iron  as 
a  residue.  If,  however,  the  gas  should  not  be  entire- 
ly eliminated,  it  will  cause  sponginess  in  the  metal. 
The  borax  tends  simply  to  prevent  oxidation  by  ex- 
cluding the  air.  In  the  use  of  borax  as  a  flux,  much 
better  results  will  be  obtained  if  the  water  of  crystal- 
lization, of  which  it  contains  about  47  percent,  is  first 
removed.  This  can  easily  be  accomplished  by  melting 
the  borax  in  a  crucible  until  it  is  free  from  all  bub- 
bles, then  pouring  it  out,  allowing  it  to  cool  and  final- 
ly pulverizing  it.  Used  in  this  way,  it  does  not  swell, 
makes  a  much  better  flux  and  helps  to  give  a  more 
perfect  weld;  for  brass,  zinc  or  lead  welding,  it  is 
sufficient  to  use  borax  alone. 


*See  a  paper  by  M.  Luckeish  on  "Glasses  for  Protecting 
the  Eye  in  Industrial  Processes"  in  the  Transactions  of  the 
Illuminating  Engineering  Society,  Vol.  IX,  No.  5,  p.  472. 
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FILLING    MATERIAL 

Material  of  the  same  kind  as  the  metal  to  be 
welded  is  generally  used  as  a  filler.  For  wrought  iron 
and  steel  the  filling  material  may  be  soft-iron  rod, 
punched-iron  scrap  (boiler  plate)  or  broken  bits  of 
steel  castings ;  for  cast  and  malleable  iron,  soft  iron 
rod,  punched-iron  scrap,  copper  or  special  cast  iron 


FIG.    5 — A    WORN    BLOOMING    MILL    PINION    REPAIRED    BY    THE    ARC 
WELDING   PROCESS 

The  white  lines  show  the  original  outlines,  the  metal  out- 
side having  been  added.  The  cost  of  repairing  four  ends 
(two  pinions)  was  $170.00.  The  pinions  cost  $1000.00  apiece 
and  could  be  saved  by  no  other  process. 

high  in  silicon  may  be  used ;  for  brass,  lead  and  zinc, 
rods  or  castings  of  the  same  material  will  do. 

GENERAL    INSTRUCTIONS    IN    THE   ART   OF    WELDING 

Welding  by  any  process,  except  spot  and  butt 
welding  by  alternating  current,  is  an  art  and  like  all 
arts  is  not  subject  to  any  definite  rules.  There  are, 
however,  certain  fundamental  principles  which  must 
be  observed  and,  having  observed  these,  the  degree  of 
success  attained  in  the  prosecution  of  the  art  will  de- 
pend almost  entirely  upon  the  skill  and  intelligence  of 
the  operator.  Some  workmen  pick  up  the  art  easily 
and  in  a  very  short  time,  while  others  experience  great 
difficulty  and  never  produce  consistently  good  work. 
The  operations  may  be  divided  into  the  preparation  of 
the  work;  striking  the  arc;  and  manipulation  of  the 
electrode,  filling  material  and  the  work  being  welded. 

Preparation  of  the  Work — One  of  the  most  im- 
portant factors  in  producing  good  welds  is  the  abso- 
lute freedom  of  the  article  to  be  welded  from  dirt, 
grease,  scale  and  other  foreign  matter.  A  good  stiff 
wire  brush  is  very  useful  in  cleaning  the  work,  and 
chipping  must  often  be  resorted  to  in  order  to  start 
with  bright  metal.  A  sand  blast,  if  available,  is  also 
very  useful  to  clean  the  work,  especially  where  sur- 
faces of  considerable  area  must  be  gone  over.  It  is 
practically  impossible  to  produce  good  welds  if  the 
material  is  greasy  or  soaked  with  oil.  Frequently  the 
work  can  be  cleaned  quickly  and  easily  by  the  arc 
itself,  no  attempt  being  made  to  weld.  If  the  work 
is  tilted  the  impurities  can  be  melted  and  allowed  to 
run  off  by  gravity. 

Having  thoroughly  cleaned  the  work,  the  next 
step  is  to  prepare  the  spot  to  be  welded  by  shaping  it 
to  receive  the  weld.     If  a  crack  in  a  plate  or  bar  is 


to  be  repaired,  it  should  be  chipped  out  with  cold 
chisel  and  hammer  so  that  a  V-shaped  groove  is 
formed.  If  a  broken  casting  is  to  be  repaired,  tem- 
porary suiiports  for  the  broken  member  may  be  neces- 
sary. A  projection,  such  as  a  lug  or  lifting  bail,  may 
have  to  be  built  up,  in  which  case  it  will  be  necessary 
to  use  molding  blocks  of  iron  or  carbon  ;  sometimes 
fire  clay  is  used  to  form  a  temporary  mould. 

In  some  classes  of  work  it  is  advisable  and  some- 
times necessary  to  preheat  the  metal  before  welding. 
This  is  done  to  avoid  cooling  strains  in  the  metal  and 
to  insure  even  contraction  throughout  the  piece.  A 
furnace  for  preheating  is  therefore  required.  Occa- 
sionally, for  large  work  it  may  be  necessary  to  con- 
struct a  temporar)'  furnace  of  ordinary  fire  brick  about 
the  piece  with  removable  parts  so  that  when  the  metal 
has  reached  a  cherry  red  condition  these  parts  can  be 
opened,  the  electrode  for  welding  inserted  and  the 
weld  made. 

Striking  the  Arc — The  work,  having  been  prop- 
erly prepared,  should  be  connected  to  one  side  of  the 
welding  circuit.  If  the  piece  is  small,  this  is  most 
conveniently  accomplished  by  having  an  iron  table  on 
which  to  place  the  work,  the  table  being  permanently 
connected.  Where  the  work  is  large  the  current  con- 
ductor can  be  fastened  on  with  a  clamp,  or  simply 
hooked  on  without  any  clamping.  The  resistance  is 
next  adjusted  and  the  circuit  breaker  and  line  switch 
closed  in  order,  the  operator  with  the  electrode  holder 
in  his  hand  taking  a  position  in  front  of  the  work. 
If  the  carbon  electrode  is  used,  filling  material  should 
be  within  easy  reach.  The  operator  then  pulls  the 
hood  over  his  head,  touches  the  electrode  to  the  work, 
and  instantly  withdraws  it,  thus  striking  the  arc.  The 
carbon  electrode  should  be  withdrawn  to  a  distance 
of  two  or  more  inches  from  the  work.  Little  difficulty 
will  be  found  in  striking  the  carbon  arc.     With  the 


FIG.    6 — VIEWS    OF   A    WORN    GEAR   CASE    (UPPEr)    AND    A    SIMIL.M» 
GEAR  CASE  WITH    HOLE  PATCHED  BY   ARC   WELDING 

metallic  electrode,  however,  conditions  are  quite  dif- 
ferent. The  electrode  has  a  tendency  to  stick  and  will 
frquently  "freeze"  to  the  work.  Furthermore,  the  arc 
is  quite  short ;  in  fact,  the  metallic  arc  can  seldom  be 
operated  longer  than  about  three-sixteenths  of  an  inch. 
The  operator  must  feed  the  electrode  down  into  the 
work  at  about  the  same  rate  as  that  at  which  it  melts 
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off  and  the  electrode  must  be  held  steady  or  the  arc 
will  be  broken.  A  good  plan  for  the  beginner  is  to 
start  with  the  carbon  arc  and,  as  skill  is  acquired,  he 
can  progress  to  the  more  difficult  metallic  arc  process. 
It  will  often  assist  materially  if  the  operator  provides 
himself  with  a  steady  rest  for  his  hand  when  using 
the  metallic  electrode. 

Manipulation  of  Arc  and  Weld — After  the  arc  is 
struck,  it  is  allowed  to  play  upon  the  piece,  and  if  the 
carbon  electrode  is  used  it  is  given  a  rotar>'  motion  by 
the  hand.  With  the  metallic  process,  the  electrode  is  at 
once  both  the  heating  element  and  the  filling  material 
and  the  arc  is  allowed  to  play  on  the  exact  spot  where 
it  is  desired  to  deposit  the  metal  to  be  welded.  \\'ith 
the  carbon  electrode,  when  the  metal  boils,  the  flux,  if 
any,  is  used  and  the  filling  material  should  be  added, 
a  little  at  a  time,  the  arc  of  course  being  continued 
meanwhile  until  the  metal  is  thoroughly  melted  and 

TABLE  I— SAVINGS  EFFECTED  IN  A  RAILWAY  SHOP. 

1  Cost  of  Replace- 

Cost  of      ment  or  Repair 
Welding        by  O  t  h  e  r 
i        Methods 


Operation 


'  Welding  tender  draft  casting 

Welding  tender  center  draft  casting 

Welding   tender  diaft   arm 

Plugging  51   holes  In  expansion  plate,  holes 

1"  dia.  by  1  % "  deep ' 

.  Repairing  mud  ring \ 

Building  up  flat  spots  on  locomotive  driver..' 

Building  up  four  piston  valve  flanges 

Repairing  mud  rings 

Plugging  four  holes  2"  dia.  by  4"  thick.  .  .  . 

Cutting  four  6"  holes   in   tender  deck  sheets 
Vz"  thick 

Plugging  holes  in  two  driving  box  cellars.  .  . 

Welding  eccentric  strap,  broken  through  neck 

Building  up  jaws  of  two  pedestsl  caps 

Welding   one   driving  box   for    locomotive, 

I         broken  through  crown 

!  Weldii  g  frame  stitfener  on  locomotive 

Wel*ling  main  rod  broken  through  end 

Repairing  fire  box 

Welding  two  spokes  in  trailer  wheel  center.  . 
!  Welding  two  spokes  in  driving  wheel  center. 

Welding  three  spokes  in  driving  wheel  center 
I  Welding  two  spokes  in  drivirg  wheel  center. 

Welding  cracks  in  bulk  head  in  tender  tank. . 

Welding  cracks   in -side   and   door   sheets    of 

fire   bos    

I  Welding  bridge  in   flue  sheets 

'  Weldisg  cracks  in  side  sheets j 

j  Repairing  air  drum 

Welding  guide  yoke 


\   1.11 

%   18.31* 

4.36 

19.06' 

1.11 

19.08' 

2.75     t 

10.13 

6.50 

34.57t 

-       .10    1 

225.00' 

9.52 

24.20* 

5.57    , 

32.70t 

1.16 

4.44 

1.08 

8.35 

.55 

2.55 

l.OS 

41.28* 

3.49 

10.00 

5.75 

39.31' 

3.29 

14.73 

6.35 

70.49* 

134.89 

869.58! 

7.72    1 

68.03' 

7.98 

99.98' 

11.20 

126.60* 

5.13     : 

112.09* 

2.33     1 

8.00 

4.23 
2.88 
26.15 
2.83 
1.68 


24.35t 

20.12t 

31.79 

12.64* 

16.15t 


*N'cw  parts  required.  tRerair.  "Estimated  cost  to  turn  down  all 
drivers  as  would  otherwise  be  required.  This  would  mean  also  the  loss  of 
at  least  one  year's  wear  on  the  tires.     J  New  fire  box  required. 

the  weld  made.  As  soon  as  the  metal  commences  to 
cool  it  should  be  hammered  thoroughly  by  hand  or  by 
power  in  order  to  prevent  sponginess  and  to  give  the 
metal  a  finer  grain.  Hammering  the  weld  also  tends 
to  work  out  any  scale  or  slag  which  may  have  formed 
during  the  welding  stage. 

Overhead  welding  can  be  done  without  resorting 
to  any  special  devices,  such  as  magnetizable  electrode 
holders,  or  coated  electrodes.  Success  depends  almost 
altogether  on  the  skill  of  the  operator,  and  not  particu- 
larly upon  other  factors,  such  as  amount  of  current, 
size  of  electrodes,  etc.  ^\'elding  in  a  vertical  plane  is 
comparatively  easy.  The  acid  test  of  expertness  in 
arc  welding  is  without  question  overhead  work  and 
good  results  indicate  that  the  operator  has  qualified  for 
anv  situation  which  mav  arise. 


POLARITY 

It  is  recommended  in  all  cases  that  the  electrodes 
be  connected  to  the  negative  side  of  the  circuit.  There 
are  several  reasons  why  this  is  considered  best  for 
both  metallic  and  carbon  electrode  welding.  Experi- 
ence has  demonstrated  that  if  the  flow  of  current  is 
from  the  weld  to  the  electrode,  and  the  arc  is  kept 
long,  practically  no  trouble  is  encountered  with  hard 
welds  which  are  difficult  to  machine.  Therefore  the 
electrodes  should  be  negative.  Furthermore,  it  is 
known  that  approximately  75  percent  of  the  heat  of 
the  arc  is  at  the  positive  pole  and  therefore  at  the 
weld  where  it  is  most  needed,  provided  the  electrode 
is  of  negative  polarity.  So  far  as  the  operation  of 
the  arc  itself  is  concerned,  it  seems  to  make  little  dif- 
ference whether  the  electrode  be  positive  or  negative. 

CHOICE  OF  CARBON  OR  METALLIC  ELECTRODES 

If  the  weld  is  of  considerable  size  and  if  strength 
is  not  of  prime  importance,  the  carbon  electrode  pro- 
cess in  general  will  do  a  good  job,  and  in  a  consider- 
ably shorter  time  than  if  the  metallic  electrode  were 
used.  The  carbon  electrode  is  always  used  for  cutting ; 
also  it  is  applicable  where  it  is  not  necessary  that  the 
heat  be  localized.  Average  carbon  electrode  welding 
requires  from  300  to  400  amperes.  Heavy  cutting 
work,  such  as  removing  risers  from  steel  castings,  may 
require  as  much  as  600  to  800  amperes. 

The  metallic  electrode  should  be  used  where 
strength  of  the  weld  and  localization  of  the  heat  are 
important.  Also  small  welds  are  made  better  by  this 
process.  Average  metallic  electrode  welding  requires 
approximately  150  amperes.  In  welding  thin  sheets,  or 
in  other  applications  where  the  heating  must  be  local- 
ized as  much  as  possible,  less  current  must  be  used. 
Good  work  in  sheets  down  to  one-sixteenth  inch  in 
thickness  can  be  done  with  about  100  amperes,  if  the 
electrode  is  carefully  manipulated. 

SAVINGS  MADE  BY  WELDING 

There  is  no  longer  any  question  that  large  savings 
in  time  and  mone}'  can  be  secured  by  electric  arc  weld- 
ing, not  only  when  used  for  repair  work  but  as  a  regu- 
lar manufacturing  process.  The  greatest  field  of  appli- 
cation is  in  the  steam  and  electric  railway  repair 
shops.  Through  the  courtesy  of  a  large  American 
steam  road  the  figures  of  Table  I  were  obtained.  They 
were  taken  from  actual  jobs  carried  through  the  shop 
at  various  times  and  give  the  actual  cost  of  welding 
compared  with  the  cost  of  returning  to  ser\-ice  by  any 
other  method,  whether  by  replacement  or  by  repair 
of  old  parts.  The  arc  welding  costs  were  based  on  a 
power  cost  of  51  cents  an  hour  for  the  carbon  arc, 
and  17  cents  an  hour  for  the  metal  pencil  arcs,  together 
with  the  cost  of  labor  and  an  overhead  charge  of  40 
percent. 


Control  Operation  on  the  New  York  Railways 

Alex.  McIver 

New.York  Office, 
Westinghouse  Electric  &  Mfg.  Company 

;  THE  RAILWAY  NUMBER  of  the  Journal  for   I9'S,  contained  a  full  description  of  the  "PK"  con- 

'  trol,  as  to  its  mechanical  arrangement  and  electric  circuits,  and  also  a  brief  enumeration  of  its  advantage- 

ous features.     The  article  also  referred  to  the  adoption  of  this  type  of  control  for  use  on  the  New  York 
Raihvays  stcpless  cars. 


THE  NEW  YORK  Railways  stepless  cars  to  the 
number  of  one  hundred  seventy-five  have  been 
[ilaccd  in  operation  in  the  Broadway  Service, 
the  hist  cars  going  into  service  about  six  months  ago. 
The  control  for  these  cars  is  of  the  "PK"  type  and 
was  originally  designed  to  meet  the  requirements  of 
multiple-unit  operation.  \\'hile  the  service  has_been 
limited  to  single-car  operation  and  may  continue  so, 
yet  the  efficiency  and  reliability  of  the  equipment,  to- 
gether with  the  conspicuous  demonstration  of  its  other 
advantages,  indicate  the  advantage  of  using  this  type 
of  control,  even  if  multiple-unit  operation  should  not 
further  be  contemplated.  The  automatic  acceleration 
feature  has  proven  a  very  desirable  one,  and  has  been 
adhered  to  for  all  characters  of  service  although,  if 
for  any  reason  it  had  been  considered  advisable,  the 
current  limit  de- 
vice might  easily 
have  been  cut  out 
entirely  or,  by  a 
simple  adjustment, 
made  to  serve 
merely  as  an  addi- 
tional excess  over- 
load limit.  Non- 
automatic  accelera- 
tion depending  up- 
on the  notch-by- 
notch  movement 
of  the  master  con- 
t  r  o  1 1  e  r  handle 
could  thus  be  se- 
cured. 

The  equip- 
ments,  as  operated,  have  the  advantage  of  the 
fixed  limit  to  motor  current  input  and  to  rate  of 
acceleration  which  may  be  adjusted  as  near  to  the 
slipping  point  of  the  wheels  as  desired;  yet  they  are 
equally  as  flexible  as  the  hand  control  in  that  the  ac- 
celeration may,  at  the  will  of  the  motorman,  be  grad- 
uated to  as  slow  a  rate  as  deemed  necessarj^ ;  for  in  no 
case  W'ill  the  main  drum  move  beyond  the  point  indi- 
cated by  the  master  controller  handle.  The  same  num- 
ber of  operating  notches  are  thus  available  as  on  the 
standard  "K"  controller  for  regulating  the  speed  to 
the  requirements  of  street  traffic.  Normally,  in  start- 
ing from  rest  the  master  controller  handle  is  turnef 
to  the  full  parallel  position  almost  immediately  after 
the  car  comes  to  a  full  stop.     A\'hen  the  car  door  is 
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At  34th  St.  and  Broadway,  the  busiest  crossing  in  New  York  City. 


closed  the  controller  circuit  is  established  and  the  car 
starts  and  speeds  up  automatically. 

The  dead  man's  emergency  attachment  is  consid- 
ered a  ver}-  good  feature  if  for  no  other  reason  than 
that  the  motorman  is  thereby  enabled  to  make  a  quick- 
er emergency  stop  by  simply  releasing  the  controller 
handle  in  case  collision  with  pedestrians  is  imminent. 
The  facility  with  which  this  device  may  be  operated 
was  a  source  of  a  little  trouble  at  the  start,  when  the 
motormen  were  being  broken  in.  While  it  is  very  easy 
indeed  to  manipulate  the  master  controller,  careless- 
ness would  result  in  setting  the  emergency  brakes, 
dropping  the  fenders  and  applying  sand  to  the  tracks. 
Except  for  cautions  about  holding  the  controller  han- 
dle properly  and  not  releasing  it  until  the  reverse  han- 
dle  was   thrown   to  center,   very   few  instructions  to 

motormen     were 
necessar}-. 

As  already 
stated,  the  stepless 
cars  were  assigned 
to  the  Broadway- 
division,  which  is 
unquestionably  the 
hardest  street  car 
service  in  this 
country  as  far  as 
the  control  is  con- 
cerned. Heavy 
traffic,  more  fre- 
q  u  e  n  t  passenger 
stops  —  possibly 
twenty  to  the 
mile  —  fire  and 
crossing  stops  and  interruptions  from  the  worst  possi- 
ble congestion  of  vehicular  traffic,  combine  to  produce 
in  a  day's  run  an  enormous  number  of  control  opera- 
tions. 

The  stepless  cars  are  inspected  according  to  the 
same  mileage  basis  as  the  standard  "K"  control  equip- 
ments, brake  shoe  adjustment  and  truck  inspection 
being  the  determining  factors.  There  is  very-  little 
wear  and  tear  on  the  auxiliary  aparatus.  such  as  mas- 
ter controllers  and  relays,  and  these  parts  require 
merely  routine  inspection.  Since  all  of  the  motor  cur- 
rent is  broken  on  the  line  switches  there  is  ver\'  little 
burning  of  the  main  control  contacts,  this  burning 
being  about  one-half  as  much  as  on  the  corresponding 
contacts  with  the  standard  "K"  controller  arrangement 


kK   kah  w.ws  comp.\ny 


THI-:  ELECTRIC  JOL'RN.U. 


>ri 


willi  ilouhlc-i'iul  ojnTatioii  ami  al>i)ut  onc-i|uartcr  as  iliiioiis  wliuh  .\<.\\  \  ork  v  iiy  lias  i-xiK-iuiiicil  tor  n 
imuli  as  wlu-ro  sinj;K'-oiul  "K"  control  is  usctl.  Tlio  ^ii-at  miml>i-r  ol  years,  whcM  several  «lays  ni  weather 
Imi  iiiii!,'  on  the  other  contacts  is  so  slight  that  tliey      helow  zero  were  followeil  bv  severe  snow  storms.    The 


should   last    for   years    withinit    renewal.      .\nton»atic 
acceleration   undoiihtedlv   aids   somewhat   in   reducing 
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VIC.   3 — CAR   OF   THK   UNION    RAILWAY    COMPANY 

.'\t  the  bii.sicst   intcrst-ctioii  in  the  Bronx,    I4()tl\   .'^t.   ;uul 
Third  Ave. 


Since  there  is  so  little  arcing  on  the 


the   hnrnint;'. 

main  dnun  the  necessity  for  renit>ving  tlie  con- 
trollers from  cars  for  overhauling  is  practically  elim- 
inated. An  inspection  of  the  "rK"  operating  heads 
on  several  of  the  cars,  after  nearly  one  year's  service, 
tloes  not  show  any  appreciahie  wear  on  the  operating 
mechanism  and  indicates  that  tiiese  parts  should  last 
for  a  long  lime  without  liaving  to  he  overhauled. 

\\  hiie  this  ei|uipment  possesses  all  the  general 
advantages  of  remote  control  and  the  advantage  that 
nndtiple-unit  operatii>n  and  automatic  acceleration  arc 
I'crmissihle,  and  that  such  salctv  devices  as  the  dead 


reliahility  of  operation  was  not  in  the  least  atTecled 
hy  the  extreme  cold  and  has  not  heen  atTecttnl  hv  .niv 
i>lher  weather  conditions. 

On  the  Xevv  York  Railways  cars,  the  main  con- 
troller is  located  in  the  moiorman's  cah  on  one  enJ 
and  stands  in  a  vertical  luisition.  However,  the  !i  ist- 
tion  and  location  of  controller  are  apparently  matters 
of  inditYerence.  C>n  the  Third  .\venue  Railway  the 
controller  is  mounted  under  the  car  IhhIv  in  a  hori- 
.'ontal  position.  One  TK  "  equipment  has  heen  in 
>ervice  on  this  road  for  alH>ut  one  year  and,  hy  means 
of  a  special  lubricating  attachment,  was  operated  for 
four  months  without  even  having  its  conl<jj:ts  toucheil. 


re.  4 — nETAIL  VIKVV   OF   MASTKR  CONTROLLER 


FIR.  3 — PK  CONTROL  AS   MOUNTEH  rNHKK  TUl-    CAKS 

man's  emergency  door,  interlocking,  etc.,  are  available. 


iHirty-nine  additional  e(|uipments  are  now  being 
installed  for  the  TliMil  Avenue  Railway  I'ompany  on 
tile  new  J4  inch  wheel  stepless  cars.  The  "PK"  con- 
trol was  chosen  as  the  best  suited  for  their  pvirposes 
after  exhaustive  tests  on  a  trial  eiiuii>ment,  extending 
over  a  period  of  several  months.  It  was  desired,  bi>th 
en  account  i>f  space  economy  and  in  order  {o  insure 
perfect  safelv  to  passengers,  to  exclude  all  main  power 
control  apparatus  from  the  platforms,  especially  since 
on  this  type  of  car  the  platforms  are  virtually  part  of 
liie  car  interior.  The  "TK"  eijuipment  provided  the 
required  remote  control  and,  in  aildition  10  being  the 


it  has  nevertheless  heen  very  clearly  demonstrated  that  most  suitable  on  account  of  space  limitatiiMis  under- 

thc  control  can  be  maintained  lu'ly  ns  cheaply  as  the  neath  the  car,  it  provided  for  both  hand  and  automatic 

st.mdard  "K' arangcnient.     Puring  the  past  winter  the  acceleration;    it    was  akso  considered    thai     it     would 

equipments  were  subjected  to  the  wtMst  weather  con-  prove  most  eamomical.    I'or  twentv-fouv  of  these  cars 
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the  Third  Avenue  Railway  Company  is  using  their  old 
surplus  controllers,  and  are  themselves  mounting  the 
operating  heads  on  the  controllers.  The  "PK"  heads 
can  be  applied  to  any  of  the  standard  type  "K"  con- 
trollers at  purely  nominal  expense.    Old  and  partially 


get  remote  control,  automatic  acceleration  or  dead 
man's  emergency,  or  of  converting  some  or  all  of  his 
equipments  for  multiple-unit  operation,  the  range  of 
possibilities  due  to  the  development  of  the  "PK"  con- 
trol  is  a  wide  one.    To  say  the  least,  a  very  interesting 


FIG.    5 — ONE   OF   THE    UNION    RAILWAY    COMPANY'S    SEMI-CONVERTIBLE    STEPLESS    CARS 


worn  controllers  are  practically  as  good  as  brand  new 
ones  for  this  .purpose. 

For  the  railroad  man  who    is    considering    the 
question  of  revamping  his  old  equipments  in  order  to 


field  has  been  opened  up,  which  possibly  has  been  the 
dream  of  some  of  our  car  equipment  engineers  for  a 
long  time  past.  It  should  prove  interesting  to  watch 
the  results. 


Standardization  of  Electric  Locomotives 

G.  H.  F.  Holy 

Locomotive  Section,  Railway  Engineering  Department, 
Westinghouse  Electric  &  Mfg.  Company 


THE  electric  locomotive  was  introduced  in  the 
United  States  on  steam  trunk  lines  to  assist 
the  operating  companies  in  congested  termin- 
als and  where  a  dense  passenger  traffic  existed.  New- 
fields  of  electric  locomo- 
tive application  have  been 
presented  in  the  last  fif- 
teen years,  which  had  ap- 
parently at  first  not  been 
considered.  Large  inter- 
urban  systems  have  found 
it  advantageous  to  provide 
an  express  service,  which 
is  handled  by  express  cars 
with  the  same  equipment  as 
used  on  passenger  cars,  a 
change  in  the  gear  ratio  of 
the  motors  being  some- 
times  found  necessary. 
This  development  was  quickly  followed  by  an  express 
car  hauling  a  trailer  car.  A  complete  freight  service 
was  next  inaugurated  and  operated  at  night,  thus  per- 
mitting the  use  of  the  station  and  sub-station  equip- 
ments for  haulage  of  heavy  loads  without  additional 
units  and  with  a  traffic  secured  that  permitted  an  addi- 
tional  return  on  the  capital   invested.     The   freight 
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service  was  not  limited  to  any  particular  class  or  prod- 
uct or  to  that  hauled  by  steam  trunk  lines.  In  many 
cases  a  day  and  night  freight  and  passenger  service  is 
now  maintained.  In  addition  to  the  freight  service, 
many  electric  trunk  line  roads  and  interurban  systems 
handled  some  of  their  passenger  service  with  electric 
locomotives. 

To  meet  the  initial  demand,  the  first  electric  loco- 
motives were  built  to  meet  special  limitations  imposed 
by  the  operating  companies  and  in  some  instances  in- 
corporated features  and  details  which  were  standard 
for  that  particular  system  as  applied  to  their  motor 
cars,  but  which  were  not  applicable  to  locomotive  serv- 
ice. This  involved  the  complete  layout  and  design  of 
the  locomotive  in  each  particular  case,  imposing  a  hard- 
ship not  only  on  the  manufacturer,  but  also  on  the 
purchaser.  Such  new  designs  required  extra  engineer- 
ing cost,  and  extra  cost  in  production.  In  case  spare 
parts  were  later  required  they  had  to  be  specially 
made,  since  a  standard  stock  was  not  available. 

To  meet  the  demands  of  trunk  line  electrification 
and  of  the  interurban  systems  for  electric  locomo- 
tives to  operate  on  600  volts  direct-current,  a  standard 
line  of  locomotives  has  been  developed  by  the  \\'est- 
inghouse  Company.  This  will  eliminate  unnecessary 
special    features,   extra   cost   and   increased   time   re- 
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quired  in  production.  A  uniform  type  of  locomotive  classes  B,  C  and  D  respectively.  Table  I  indicates  the 
lias  hecn  obtained,  making  possible  a  minimum  num-  locomotive  characteristics  for  the  several  classes 
ber  of  [)arts  to  carry  as  spares.     Tlic  si)are  parts  are      uiukr  varying  motor  ratings  and  locomotive  weights. 


IiG.   2 — CLASS   B  LOCOMOTIVE 


readily  available  since  the  manufacturer  can  carry 
these  in  his  supply  department  as  staple  articles.  Al- 
though this  development  was  made  to  apply  on  600 
volt  direct-current  systems,  the  same  general  types  of 
locomotives,  motors  and  equipment  have  been  applied 
on  higher  voltage  direct-current  and  single-phase  sys- 
tems. 


r 


-I*. 


FIG.    I — CLASS    A   LOCOMOTIVE 

The  standard  locomotives  have  been  arranged  ac- 
cording to  weight  and  capacity,  for  service  ranging 
from  25  to  65  tons  and  with  motors  from  35  to  225 
horse-power  each  on  the  one-hour  rating  with  normal 


FIG.    3 — CLASS   C   LOCOMOTIVE 

voltage  and  natural  ventilation.  For  convenience,  lo- 
comotives from  25  to  30  tons  are  designated  as  class 
A,  and  35  to  50.    44   to    50,    and    50    to   65    tons    as 


The  class  A  locomotives,  as  illustrated  by  Fig.  i 
are  for  light  switching,  work  trains,  light  express  ser- 
vice, and  in  districts  where  snow  conditions  must  be 
overcome,  they  can  be  used  as  snow  plows.  These  lo- 
comotives were  also  designed  to  be  especially  adapted 
to  conditions  where  clearances  are  at  a  minimum  and 
curves  are  very  sharp,  as  is  shown  by  the  dimensions 
given  in  Table  II. 

The  class  B  locomotives,  as  illustrated  by  Fig.  2, 
are  adaptable  to  similar  but  heavier  service  than  the 
class  A  and  have  been  applied  to  the  class  of  service 
required  by  industrial  and  smelting  plants. 

Class    C    and    D    locomotives,    used    for    heavy 

1 


FIG.    4 — CLASS   D  LOCOMOTIVE 

switching,  freight  and  passenger  service,  are  illus- 
trated by  Figs.  3  and  4.  The  same  equipments  are 
used  on  both  classes  of  locomotives,  the  onlv  differ- 
ence being  in  the  increased  weight  of  the  class  D  lo- 
comotives over  that  of  the  class  C.  The  heavier  loco- 
motive is  used  where  heavier  trains  are  moved  or 
where  grades  are  an  important  factor.  The  additional 
weight  in  the  heavier  locomotives  of  each  class  is  ob- 
tained, first  by  the  increased  weight  of  electrical 
equipment,  and  second  by  increasing  the  size  of  the 
various  sections  of  the  locomotive,  adding  increased 
strength. 

The  standardization  has  been  made  on   locomo- 
tives up  to  65  tons,  but  units  of  larger  size  have  been 
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built  on  the  same  general  lines.  The  weights  adopted 
have  been  considered  best  to  meet  the  limitations  of 
right  of  way,  especially  on  the  interurban  systems. 
When  larger  units  are  required,  and  increased  axle 
loadings  on  the  right  of  way  are  not  permissible,  the 


which  would  give  a  maximum  service  with  minimum 
attention.  The  number  of  parts,  especially  those  parts 
where  wear  must  occur,  has  been  reduced  to  a  mini- 
mum. 

The  running  gear  consists  of  two  swivel  equal- 


TABLE  I — PERFORMANCE  OF  ST.\NDARD  BALDWIN-\VESTINGHOUSE   LOCOMOTIVES    A\  rrll    MA.XIMUM     GEAR    REDUCTION    QUADRUPLE 

EQLIPMKNT.S 


Locomotive 
Weight  Tons 

Motor 
Characteristics 

a 

a      i      i 

a        s        z; 

Horse- 

^^'^'^  singfe     ^'^^'^ 
j  Motor 

PERFORMANCE  OP  NORMAL  WEIGBT  LOCOMOTIVE 


Lb». 
Tractive 

Effort 

One 

Hour 
Ratins* 


53(jU 
5520 
5920 
7600 
7800 
fiOOO 
M60 
sJOO 
»620 


Miles 
per 


Lbs. 
Tract- 


Miles 
Hour  ive  Ef-  ..P*' 
0,ie  fort  """'■ 
Hour     Cent.     "-""'• 


.\pprox.  Ma.v.  Number  of  45-Ton  Cars  That  Can  Be  Handled 
One  Hour  Raliii^-  Continuous  hatinit 


Hour     Com.    „^''H^„,    Stiaight 
Rating  Ratiug*  Rating*      j^^^^j 


Percent  Grades 


Level 
Tracl;        0.5 


Straight 
Level 
Tra<k 


Percent  Grades 


0.5 


CLASS  A 


35 

41 
39 


44 
44 
44 


35 

45 
46 
50 


;-5 
38 
41 
45 


Box 

95      ' 

Box 

140 

Box 

175 

t   Box 

100     1 

600 
600 
600 
600 


lOOlu 
12400 
13200 
ISOOO 


11 
13.4 
15  3 
14.8 
11.3 
16.8 
16.7 
13.3 
t!.2 


17.0 

20.0 

86 


1960 

15.4 

1800 

19  6 

1800 

22.5 

2160 

13.8 

2300 

16.7 

1780 

18.2 

2100 

26 

2200 

21        i 

30OO 

8.7 

16 
16 
17 
23 
23 
24 
25 
25 


CLASS  B 


2160 
3400 
400P 
4120 


15.8 
25.5 
28 
13.G 


CLASS  C 


1*1 
50 
50 


CO 
50 
SO 


Box 
Box 
Box 


165 
225 
120 


600 
600 
6C0 


16400 
19000 
21600 


IS 
17.7 
8.2 


S'&O 
5300 
6200 


21.7 

26 

12.7 


40 
65 


DU 
oX 
66 


6 
6 

7 
9 
9 
9 
10 
10 
10 


15 
16 


9 

9 

13 


2 

2 

2 

2 

2 

I 

2 

■> 

3 

2 

11 
11 


2u 
23 
27 


12 
14 
16 


14 
IS 
17 


CLASS  D 


SI 

51 
49 


56 
6t 
65 


62 
52 
56 


BOX  I  165 
Box  '  225 
Box         120 


6UU 
600 
600 


lr>40U      I    15 
1 9000  17.7 

2VJ'i0  8  6 


Kim 


21.7 

26 

12.7 


58 
66 


23    I    14 
27        16 


'    I 
8 
9    I 


U 
15 
17 


i  I 


3    I 


*.M1  ratings  are  based  on  natural  ventilation  ami  the  continuous  tractive  effort  at  400  volts.    The  sreeil   (continuous  miles  per  hour)  is  based 
on  the  one-hour  rated  voltage. 

desired  result  can  be  obtained  by  multiple  unit  opera-  ized  trucks  with  rigid  bolsters  on  which  the  cab  for 
tion  of  two  or  more  standard  locomotives.  housing  the  equipment  is  mounted.  The  standard  truck 
The  cardinal  features  of  these  locomotives  con-  shown  in  Figs.  5  and  6  has  been  developed  especially 
sist  of  mechanical  parts,  (running  gear  and  cab  for  for  locomotive  service.  Swing  bolster  trucks  designed 
housing  equipment);  motors;  controlling  devices  for  for  locomotive  service  can  be  applied,  but  they  have 
the  motors;  equipment  details;  safety  devices  (brak-  been  considered  as  generally  unnecessary  for  this  Ber- 
ing, sanding  and  signaling)  ;  and  auxiliary  apparatus  vice.     Arrangement  has  also  been  made  for  articu- 

TABLE  ri— DIMES'SIOVS  OF  STANDARD  BALDWIN-WESTIN'GHOUSE  LOCOMOTIVES 

»    InS'^t  Cab 


r — 

c 

J                              \         \ 

J   ul           UL      r.-TL-i 

B 

S 

^^ 

I) 

^ 

^    ^ 

^ 

f^ 

C 

* 

I  -^ 

M 

X 

A        <"" 

Sumptr 

Plain 

DO 


^3 


Loco- 
motive 

A 

B 

C 

1 

D 

!  k! 

I 
F             G 

H 

I               J 

K 

L 

M 

N 

0 

Plate 
End 
Frame 

i:ast 

End 

Frame 

Class  A 

25' -8" 

r,'-*yj> 

7'-!" 

.  33" 
34" 
3t:" 
33" 

S'-5H" 

14'-0"     S'-9» 

6'-0" 

1 

7'-0" 

S'-O" 

13'-0" 

S'-O'* 

*■-&%" 

(ll'-6" 

(n'-7H" 
fii'-luS" 

;  Class  B'  29' -C" 

31'-2H'' 

T'-e" 

1  4'-5i^" 

34" 
36" 

S'-O" 

lC'-6"     9'-9" 

6'-6" 

2'-7J4"   l'-6" 

9'-(." 

fi'-fi" 

l6'-0" 

lO'-O" 

¥-»A- 

11 '-U" 
12"-  0' 

1 
sndD     "- 

:!4'  -41 '.' 

7'  .-," 

i4--6'-" 
(4'-.-/' 

-  4'-6;-i;'' 

(4'-9"' 

37H" 
36" 
37" 
,42" 

5'-0" 

1 

IS'-O"     S'-O" 

1 

1 

6' -6" 

2'-7>i"    2--4" 

lO'-l" 

T'-4" 

17'-S" 

lO'-O" 

('_SU" 

1 12'-  V%« 
(  12'-  0"> 

-   VI'-  !"" 

1  r."-  ::'  ,•■ 

that  can  be  applied  to  improve  the  motor  rating  over 
natural  ventilation.  Each  distinctive  feature  was 
studied  and  developed  by  the  manufacturer  working 
in  conjunction  with  operating  engineers  to  produce 
efficient,  simple,  compact  and  accessible  locomotives. 


lated  trucks  when  the  service  requirements  are  such 
that  these  are  demanded.  The  recommended  truck 
shown  in  Fig.  5  has  more  than  fulfilled  the  require- 
ments imposed  on  locomotives  that  are  now  in  service. 
This  being  the  case,  it  has  been  considered  unneces- 
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sary  cxcei)t  iiiuler  extreme  conditions  to  burden  the 
standard  locomotives  with  such  special  features  as 
swing  bolster  trucks  or  articulated  trucks,  each  re- 
quiring- added  stock  in  the  storeroom  and  extra  parts 


FIG,    5 — STANDARD    TRUCK 

to  come  under  the  care  of  the  maintenance  depart- 
ment. Special  attention  was  given  to  the  design  of 
the  ceiUer  pins  to  handle  the  tractixe  efforts  and  buf- 
fing strains  that  would  be  imposed.  The  driving 
journals  and  boxes  are  MCB  size  and  type,  and  the 
wlieels  are  forged  steel  with  j\ICB  tread  and  flange. 
The  truck  is  also  adapted  to  wheels  with  cast  iron 
centers  and  shrunk  or  bolted  tires  with  either  AICB 
or  A.E.R.A.  tread  and  flange.  All  parts  of  the  truck 
have  been  made  to  conform  to  MCB  types  and  sizes, 
where  possible. 

The  cab  under-framing  consists    of    center    and 
side  sills  of  standard  rolled  channel  sections.    The  end 


repairs  on  account  of  end  frame  failures.  Standard 
MCP.  automatic  couplers  are  provided  on  all  locomo- 
ti\es  and  mounted  in  a  bumper  pocket  casting  at  each 
end  of  the  locomotive.  Provision  can  be  made  for  the 
ai)i)lication  of  radial  drawbar  or  friction  draft  gear 
when  the  service  demands  these  parts. 

The  main  cab  used  for  housing  the  equipment 
and  for  providing  operating  stations  is  constructed  of 
steel  and  provided  with  wood  flooring.  The  windows 
are  so  located  as  to  give  a  clear  view  of  the  track  and 
to  provide  ample  illumination  of  the  interior.  Ar- 
rangements have  been  made  to  provide  a  cab  of  wood 
if  desired,  when  local  conditions  will  permit  and  no 
fire  risk  is  involved. 

Table  I  shows  that  a  sufficient  number  of  motors 
are  available  to  enable  the  selection  of  a  locomotive 
that  will  be  adaptable  to  all  classes  of  service.  Stand- 
ard locomotive  motors  have  been  provided  for  high 
s|)ec(l  freight  and  passenger  traffic.  Special  attention 
also  has  been  given  to  the  design  of  a  slow-speed  mo- 
tor. Fig.  7,  which  gives  a  high  tractive  efifort  with  rela- 
tively low  power  consumption,  as  shown  in  Table  I,  so 
that  the  interurban  road  of  moderate  size  station 
equipment  can,  with  the  slow-speed  motors,  handle  its 
freight  traffic  without  installing  additional  station  ap- 
])aratus  or  line  copper.  The  slow-speed  motor  is  fur- 
ther available  for  switching  service.  The  ratings  given 
J- 
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FIG.  6 — KEY  DRAWING  OF  STANDARD  TRUCK 
I — Wheel;  2 — Axle;  3 — Gear;  4 — Journal  Bo.\;  5 — Journal  Box  Dust  Guard;  6 — Journal  Bearing;  7 — Journal  Bearing  WedRc;  S — Equalizing 
Beam;  9 — Equalizini?  Beam  Spring;  10 — Equalizing  Beam  Spring  Seat;  14 — Frame;  17 — End  Flame;  18 — End  Frame  Oussett;  23 — Transom; 
26 — Body  Center  Plate;  29 — Side  Bearing  Plate;  30 — Side  Bearing  Shims;  31 — Pedestals;  32 — Pedestal  Cap;  -12 — Motor  Suspension  Bolt; 
4.'i — Brake  Rod  IHlrnbucWe;  4B — Brake  Hod  Right  IlandThread;  47 — Brake  RodLeft  HandThread;  4S_Brake  Live  Lever;  49 — Brake  Live  Lever 
Pin  (Top);  50 — Brake  Live  Lever  Pin  (Bottom);  ,M — Brake  Live  Lever  Rod;  fil — Brake  Dead  Lever;  54 — Brake  Dead  Lever  Pin  (Bottom); 
S5 — Brake  Hangers;  56 — Brake  Hanger  Pin  (Top);  .'i7 — Brake  Hanger  Pin  (Bottom);  58 — Brake  Head;  59 — Brake  Head  Pin;  60 — Brake  Shoe; 
61 — Brake  Shoe  Key;  02 — Brake  Shoe  .Vdjusting  Spring:  63 — Brake  ShoeSpriiig  Rod;  64 — Brake  Release  Spring;  65 — Brake  Release  Spring  Ful- 
crum; 67 — Brake  Release  Spring  Adjusting  Rod;  68 — Brake  Pull  Rod  Jaw;  69 — Brake  Pull  Rod  Roller;  70 — Brake  Pull  Rod  Roller  Pin;  71 — 
Brake  Beam  (Radial);  72 — Brake  Beam  Guide;  73 — Brake  Live  Lever  Red  Jaw;  74 — Motor  Suspension  Strap;  84 — Motor  Suspension  Bracket; 
88 — Brake  Shoe  .Adjusting  Spring  Seat;  91 — Equal  Beam  Spring  Link;  92 — Equal  Beam  Spring  Link  Key;  93 — Equal  Beam  Spring  Link  Pin; 
94 — Equal  Beam  Spring  End  Clip;  98 — Motor  Suspension  Filling  Piece;  99 — Motor  Nose  Support;  100 — Brake  Shoe  .\djusting  Spring  Eve  Bolt; 
101 — Gear  Key;  102— Safety  Chain  &  Eje  Bolt;  103 — .Tournal  Box  Lid;  104 — Jounial  Box  Lid  Spring;  105 — .lounial  Box  Lid  Bolt;  124 — King 
Pin;    125 — King  Pin  Split  Key:    126 — Brake  Connecting  Link;    162 — Brake  Lever  Clevis;    164 — Brake  Hanger  Pin   (Top)   Live  Lever  End. 


frames  of  the  cab  under-framing  are  of  the  all  metal 
type,  no  wood  end  frames  being  used,  it  being  con- 
sidered that  in  case  of  collision  with  rolling  stock, 
the  locomotive  should  not  be  put  out  of  service   for 


in  Table  I  can  all  be  increased  by  forced  ventilation, 
that  is  by  providing  the  locomotive  with  a  motor- 
driven  centrifugal  blower.  The  blowers  force  the  air 
tliniugh  a  conduit  built  in  the  locomotive  frame  be- 
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tween  the  center  sills  whence  it  passes  to  the  main  mo- 
tors through  flexible  connections.  The  use  of  the 
forced  ventilation  increases  the  continuous  current 
capacity  of  the  locomotive  from  25  to  50  percent. 

On  the  class  A  locomotives,  the  majority  of  the 
motors  are  split  type  with  bar  suspension  similar  to 


FIG.    7 — SLOW-SPEED    MOTOR 

street  railway  mounting.  The  motors  on  classes  B,  C 
and  D  are  nose  suspended  on  the  truck  bolster  and 
are  of  the  box  type  frame. 

The  motor  torque  is  transmitted  to  the  driving 
axle  through  a  pinion  and  gear  as  in  street  railway 
practice  and  the  standard  locomotives  are  equipped 
with  solid  forged  steel  gears  and  pinions  of  high 
grade.  Provision  has  been  made  to  supply  the  split 
gear  when  required  on  class  A  locomotives,  but  solid 
gears  without  keys  are  always  strongly  recommended. 

After  having  eminently  fulfilled  all  requirements 
in  street  railway  and  interurban  service,  the  electro- 
pneumatic  unit-switch  (HL)  control  has  been  adopted 
for  locomotive  service  and  arranged  for  double  end 
operation.  The  motors  are  connected  permanently 
two  in  parallel  and  the  pairs  are  connected  in  series 
and  in  parallel,  with  the  necessary  resistance  in  the  cir- 
cuit to  produce  smooth  acceleration.    The  resistor  con- 


FICS.    S    AND    9 — .XRRAXCEMEXT    OF    CONTROL    APPARATUS     INSIDE 
THE   CAB 

Fig.  8  shows  the  operating  condition.    In  Fig.  9  the  pro- 
tective screen  is  removed. 

sists  of  the  cast  iron  type  with  three-point  suspension. 
All  equipments  on  class  A  locomotives,  except  the  90 
horse-power  split-frame  motor,  are  provided  with  a 
control  which  gives  a  total  of  five  notches  in  series 
and  four  in  parallel.  Classes  B,  C  and  D  locomotives 
and  the  class  A  locomotive  with  the  90  horse-power 


split-frame  motor  are  provided  with  a  control  which 
gives  a  total  of  nine  notches  in  series  and  seven  in 
parallel. 

The  control  equipment  is  mounted  in  the  main 
cab  in  such  a  way  that  each  part  will  operate  to  the 
best  advantage  to  give  accessibility  and  compactness. 
The  switch  groups  are  located  so  that  they  will  be 
accessible  from  all  sides  and  so  that  replacements  can 
be  made  without  working  in  a  cramped  position,  as 
.shown  in  Figs.  8  and  9.  The  resistors  are  locateci 
above  the  switch  groups,  providing  direct  wiring  con- 
nections and  insuring  an  easy  outlet  for  the  heated 
air,  which  rises  from  the  resistors  through  ventila- 
tors located  on  the  locomotive  roof.  The  reversers 
and  series  parallel  switches  are  mounted  under  the 
switch  group  and  are  centrally  located  with  respect 
to  the  motors.  The  apparatus  in  the  central  cab  oc- 
cupying the  space  under  the  resistors  is  enclosed  by 
grounded  expanded  metal  screens  which  are  made  up 
in  sufficiently  small  sections  to  be  readily  removed  for 
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FIG.    10 — OPERATOR  S    STATION 

inspection  of  the  apparatus.  A  side  elevation  and 
plan  view  of  a  standard  locomotive  with  the  arrange- 
ment of  control  and  apparatus  indicated  are  shown 
in  Fig.  II. 

An  operators  station  is  located  at  each  end  of  the 
main  or  central  cab  so  as  to  provide  a  clear  and  un- 
obstructed view  of  the  track,  as  shown  in  Fig.  10. 
Sand  boxes  are  provided  in  the  hoods  at  each  end  of 
the  locomotive,  where  they  can  be  filled  without  en- 
tering the  cab.  They  are  arranged  for  pneumatic 
operation,  the  valves  being  located  at  the  operator's 
station  along  with  the  master  controller  and  engineer's 
valve  for  operating  the  brake.  The  compressor 
motors  for  the  air  brake  equipment  are  mounted  in 
the  hoods  at  each  ena  of  the  locomotive,  this  location 
being  considered  desirable  in  order  to  minimize  noise 
in  the  cab  which  might  distract  the  operator  when  re- 
ceiving orders  or  signals.  On  the  class  A  locomotive 
one  compressor  with  a  displacement  capacity  of  35 
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cubic  feet  of  free  air  per  minute  is  generally  sup- 
plied. On  the  other  locomotives,  two  compressors  of 
the  same  capacity  are  supplied  for  normal  service. 
The  compressor  equipment  is  investigated  for  each 
application  and  the  standard  as  outlined  is  subject  to 
change  when  special  service  conditions  are  imposed. 


all  necessary  apparatus  for  the  operation  of  the  loco- 
motive and  train  brakes.  Arrangements  have  been 
made  for  the  application  of  slack  adjusters,  signal 
equipments,  governors,  main  reser\oir  and  train  line 
connections,  when  required.  Hand  brakes  are  applied 
as  a  part  of  the  standard  equipment. 
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FIG.    II — PLAX    AND    ELEVATION    OF    STANDARD  CLASS    C    AND    V    LOCOMOTU'ES 

Automatic  and  straight  Westinghouse  air  brake  When  the  great  number  of  combinations  possible 

equipments  are  applied  on  all  locomotives.   The  equip-  between  the  various  motors  available  and  the  differ- 

ment  is  similar  to  that  applied  on  steam  roads  with  the  ent  weights  of  standard  locomotives  is  considered,  it 

exception  that  the  operation  of  the  governor  controls  will  be  seen  that  a  standard  locomotive  may  be  se- 

the  electric  motor-driven  air  compressor  instead  of  a  lected   which    will   meet   any    usual   sen'ice   cycle   or 

steam-operated  pump.  The  brake  equipment  comprises  right  of  way  conditions. 


The  Selection  of  Correct  Car  Equipment 


THE  IDEAL  electric  car  equipment  for  any  ap- 
plication is  that  equipment  which  will  insure 
maximum  safety,  maximum  reliability  and 
maximum  economy.  Such  an  equipment  comprises 
motors,  control  apparatus  and  current  collectors,  all  of 
which  should  be  ideal  in  design  and  construction  to 
the  extent  that  present  knowledge,  materials,  costs 
and  manufacturing  facilities  permit.  I^uch  an  equip- 
ment also  comprises  apparatus  which  individually  and 
collectively  meets  the  following  requirements: — 

Mechanical  ruggedness. 

Elimination  of  useless  weight. 

Accessibility   for  inspection  and  repairs. 

Insidation  capable  of  withstanding  high  temperature, 
dirt  and  vibration. 

Adequate  creepage  surface  and  flashing  distances  be- 
tween live  parts  and  ground. 

Covers  held  securely  against  vibration  and  yet  easily  re- 
moved. 

Ability   to  stand  heavy   overloads   for   limited   periods. 

Balanced  design  and  construction  so  that  when  operated 
within  its  service  capacity,  long  life  and  low  mainte- 
nance will  result  and  weakness  will  not  develop  in 
any  part. 

Of  course,  no  apparatus  is  absolutely  perfect. 
Therefore,  the  requirements  given  for  ideal  apparatus 
are  those  which  experience  so  far  has  shown  are  es- 
sential and  can  be  secured.  These  are  enumerated  for 
the  benefit  of  those  who  are  entering  the  field  of  elec- 
tric railways  but  are  already  well  known  by  the  sea- 
soned railway  man.  In  addition  to  the  above  require- 
ments, which  are  common  to  all  apparatus  composing 
an  equipment,  the  ideal  modern  railway  motor  pos- 
sesses the  following  features  and  qualities  : — • 

Oil  and  waste  lubrication  oi  armature  and  axle  be.irinys.  with 
gauge  chamber. 

Material  and  size  of  bearings  such  as  to  secure  maximum  life  and 
minimum  risk  of  injuriiiK  other  parts. 

Means  for  preventing  oil  from  armature  bearings  getting  into  the 
motor. 

Sufficient  clearance  between  armature  and  poles  to  allow  for  rea- 
sonable bearing  wear. 

Cross-bar  and  nose  suspension  for  small  and  large  niotors  re- 
spectivel.v. 

Safety  lugs  on  suspension  side. 

Gears  treated  to  secure  uniform  wear  and  to  minimize  breakage 
and  wear. 

Gear  case  material  and  supports  such  as  to  minimize  breakage. 

Housings  secured  to  prevent  turning  and  minimize  wear. 

Axie  caps  arranged  to  relieve  axle  cap  bolts  from  carrying  frame 
weight. 

.\xle  brasses  held  securely. 

-AxU  dust  guards. 

Commutators  mica-insulated,  under-cut  and  constructed  to  prevent 
high  bars  and  grounding  between  bars. 

Field  coils  strap-wound  and  held  to  prevent  vibration  and  loose- 
ness from  shrinkage. 

Laminated  pole  pieces  and  armature  core. 

.\rmatures  securely  banded  to  prevent  vibration  of  coils  and  to 
permit  high  speed  down  grades. 

.\rmature  coil  supports  at  ends  of  core. 

Insulation  reinforced  at  ends  of  armature  slots  to  prevent  chafing 
and   grounding. 

Form  wound  coils  designed  to  facilitate  repairs  and  assembly. 

Brush  holders  to  permit  radial  adjustment  and  permanent  uniform 
brush  tension. 

Brush  size  and  quality  to  secure  long  life  of  brushes  and  commu- 
tator. 

Wiring  around  frame  securely  held  against  vibration. 

Tapped  drain  holes  in  bottom  of  frame. 

Freedom  from  flashing. 

Perfect  commutation. 

High  efficiency. 

The  corresponding  additional  features  and  quali- 
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ties   essential    to   the    ideal    modern   railway    control 
are : —  . 


Simjdicity  of  apparatus  and  circuits. 

Ease  of  installation. 

Kflfective,  non-destructive  breaking  of  circuits  in  normal  operation. 

.\mple    protection    against    too    hea\'y    overloads,    grounds,    short 

circuits,  surges  in  the  contact  line,  and  lightning. 
Removal  of  circuit  breaking  parts  from  car  platform,  or  complete 

remote  control. 
Sure  operation. 
Prevention  of  false  operation. 
Smooth  acceleration. 

Minimum  number  of  steps  consistent  with  smooth  acceleration. 
Minimum  losses. 
Service  capacity  equal  to  that  of  the  motors  to  be  controlled. 

Other  features  of  an  ideal  control  which  are  not 
applicable  in  all  cases  but  are  essential  in  certain  in- 
stances are  as  follows  : — 

Train  operation. 

.\utomatic  acceleration. 

.\utomatic   emergency   braking   when   controller   handle   is   released 

suddenly.  '  - 

Emergency    braking   by    mechanically    reversing    motor    connections 

when  both  air  and  power  fai). 

In  addition  to  the  common  requirements  enumer- 
ated, the  ideal  modern  railway  current  collector  has 
the  following  features  and  qualities: — ■ 

I.iuht   weight  of  moving  parts. 

Flexibility  in  operation. 

Wearing  parts  quickly  renewable. 

Operation  with  minimum  wear  of  the  conductor. 

Sparkless  collection  of  current. 

Assuming  that  a  line  of  motors,  control  appara- 
tus and  collectors  which  meets  these  requirements  is 
available,  the  problem  of  securing  an  ideal  car  equip- 
ment for  a  specific  service  then  becomes  one  of  select- 
ing the  correct  equipment.  The  motors,  control  ap- 
paratus and  collectors  may  individually  meet  the  re- 
quirements of  idealism  as  outlined  in  the  preceding 
paragraphs,  and  yet  the  car  equipment  as  a  whole, 
because  of  misapplication,  may  fall  far  short  of  being 
the  best.  From  the  standpoint  of  application,  equip- 
ments may  be  divided  into  three  classes  with  respect 
to  capacity,  namely,  those  which  are  : — i — too  large, 
2 — too  small,  3 — correct. 

Equipping  cars  with  apparatus  of  too  great  ca- 
pacity was  no  uncommon  occurrence  ten  or  fifteen 
years  ago.  This  was  largely  due  to  careless  or  hap- 
hazard application,  and  partly  because  at  that  time  the 
apparatus  required  was  not  yet  developed  to  the  ex- 
tent which  now  prevails.  The  reason  more  complaint 
against  over-powering  is  not  heard  is  that  it  tends  to 
secure  two  of  the  prime  requisites  of  the  ideal  equip- 
ment— namely,  maximuiu  safety  and  maximum  relia- 
b'lity,  and  also  secures  economy  in  equipment  mainte- 
nance cost.  However,  such  an  equipment  fails  to  se- 
cure maximum  economy  on  account  of  its  unnecessary 
weight,  excessive  consumption  of  energ)',  relatively 
high  first  cost  and,  therefore,  high  fixed  charges.  In- 
dications that  a  car  is  too  highly  powered  may  be 
found  in  maintenance  of  schedules  with  an  unusually 
large  amount  of  series  running,  cars  continually  run- 
ning ahead  of  schedule,  ver>-  low  temperature  rise  in 
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the  a])])aratus,  extraordinarily  low  maiiilcnance  cost. 
The  most  reliable  of  these  indications  is,  of  course, 
the  temperature  rise. 

Equipping  cars  with  apparatus  of  too  little  capac- 
ity is  a  much  more  serious  matter,  as  this  procedure 
secures  none  of  the  three  prime  requisites  of  an  ideal 
equipment,  neither  maximum  safety,  maximum  relia- 
bility, nor  maximum  economy.  Many  such  cases  have 
occurred  through  careless  selection,  but  probably  most 
of  them  have  been  due  to  limited  finances  and  er- 
roneous ideas  of  economy.  Indications  that  a  car  is 
under-powered  may  be  found  in  its  inability  to  main- 
tain schedules,  high  temperature  rise  in  apparatus,  ex- 
cessive maintenance  cost,  failure  of  apparatus  in 
service. 

The  maximum  economy  involves  a  balance  among 
the  items  of  first  cost,  fixed  charges,  car  and  equipment 
maintenance  cost,  energy  consumption,  and  those  other 
operating  expenses  which  may  be  afTected  by  the  car 
equipment,  such  that  the  total  annual  expenditure 
ciiargeable  to  the  equipment  shall  be  a  minimum.  Rel- 
atively high  first  cost  taken  alone  is,  therefore,  liable 
to  be  misleading,  since  the  initial  expenditure  of  a  few 
extra  dollars  may  secure  features  which  will  decrease 
depreciation,  maintenance  or  energy  consumption  to 
such  an  extent  as  to  jiay  the  interest  on  the  additional 
investment  and  also  return  a  large  [jortion  of  the  cap- 
ital each  year.  The  purchase  of  manufacturer's  stan- 
dard apparatus  also  generally  tends  to  economy,  be- 
cause the  cost  of  special  features  is  frequently  out  of 
proportion  lo  their  \alue. 

Incorrect  car  speed  may  at  times  be  remedied  by 
a  change  of  gear  ratio  or  modification  of  motor  air- 
gap,  as  when  a  car  is  overpowered  but  the  speed  is  too 
low,  or  when  a  car  is  underpowered  and  the  speed  is 
too  high.  If,  however,  the  car  is  overpowered  and  the 
speed  is  too  high,  a  reduction  in  speed  decreases  the 
duty  on  the  equipment  and  it  is  still  too  large  even  to 
a  greater  extent  than  at  first.  Yet  such  a  change  wi'l 
decrease  the  consumption  of  energ)'.  If  the  car  is 
already  underpowered  and  the  speed  is  too  low,  an 
increase  in  speed  imposes  greater  duty  on  the  equip- 
ment and  its  insufficiency  for  the  service  becomes 
greater  than  it  was  initially.  Therefore,  changing  the 
speed  of  a  car  improperly  equipped  may  be  of  little 
value  or  even  worse  than  valueless. 

The  most  valuable  check  on  the  application  of  an 
equipment  to  a  certain  service,  when  the  car  speed  is 
correct,  is  found  in  the  temperature  rise  of  the  motors. 
This  may  be  obtained  on  a  sample  equipment  or  on  the 
first  equipments  put  in  service  before  failure  of  appa- 
ratus or  excessive  maintenance  cost  becomes  evident. 
Then  in  case  an  equipment  is  too  small,  steps  may  be 
taken  to  secure  more  powerful  equipments,  or  at  times 
conditions  may  be  adjusted  to  prevent  overloading 
such  equipments  before  they  have  been  damaged  by 
continual  abuse.     In  the  interest  of  ideal  operation. 


systemalic  checking  of  motor  temperatures  in  service 
is  recommended. 

It  is  therefore  evident  that  even  with  perfect  ap- 
paratus, correct  application  of  that  apparatus  is  a  vital 
factor  in  securing  an  ideal  equipment.  In  order  to 
make  a  correct  application,  detailed  knowledge  of  the 
service  conditions  is  essential.  In  addition  to  being 
composed  of  ideal  parts,  the  complete  ideal  equipment 
meets  the  following  requirements:— 

Motor  type  suitable   for  service,  trucks,   wheel   size  and 

shop  facilities. 
Control   type   suitable    for  service  and   for   desired    type 

of  car. 
Collector  type  suitable   for  operation  with  the  particular 

type  of  contact  line  involved. 
.\niple   clearance  around   individual   pieces  of   apparatus 

on   the  car   and  between   the  apparatus   and   top   of 

rails. 
Minimum  number  of  motors  consistent  with  the  service 

requirements. 
Minimum  car  speed  consistent  with  a  reasonable  margin 

for  meeting  rush   hour  and   holiday  conditions. 
Minimum    capacity    to    perform    the    service    with    safe 

u-mperature. 
Light  weight. 
High  service  efficiency. 

The  necessity  for  meeting  the  first  four  of  these 
requirements  in  order  to  make  an  ideal  application  is 
self-evident,  but  possibly  the  other  items  require  fur- 
ther comment.  Regarding  the  number  of  motors  on 
a  car,  within  the  limits  of  their  proper  application, 
double  equipments  are  preferable  to  quadruple  equip- 
ments because  of  their  less  weight,  higher  efficiency, 
lower  maintenance  cost,  lower  first  cost  and  lower 
fixed  charges. 

The  necessity  for  minimum  practicable  car  speed 
arises  from  the  fact  that  too  high  car  speed  produces 
unnecessary  consumption  of  energy,  imposes  unneces- 
sary duty  on  the  electrical  equipment,  increases  wear 
and  tear  on  the  entire  car.  particularly  on  the  brake 
equipment,  gears  and  wheels,  increases  wear  and  tear 
on  the  road-bed,  distribution  system  and  power  appa- 
ratus, and  increases  the  possibility  of  accidents. 

The  desirability  of  minimum  practicable  capacity 
of  equipment  is  apparent,  since  greater  capacity  does 
not  materially  increase  either  the  safety  or  the  relia- 
bility of  the  equipment,  but  does  decrease  the  overall 
economy  as  previously  outlined  herein. 

In  connection  with  weight,  the  ideal  equipment  is 
specified  advisedly  as  having  light  weight  rather  than 
minimum  weight,  because  the  lightest  equipment  is  not 
always  the  most  economical.  In  the  early  stages  of 
the  movement  to  reduce  the  weight  of  cars  and  the-r 
equipments,  there  was  a  tendency  for  this  one  idea  to 
overshadow  all  the  other  elements  entering  into  real 
economy.  The  chief  factor  overlooked  in  this  connec- 
tion was  the  essential  character  of  motor  speed.  The 
result  was  that  light  weight  motors  were  built  with 
such  high  speed  that  even  with  maximum  gear  reduc- 
tions the  car  speeds  were  inordinately  high.  Such 
motors  defeated  the  purpose  for  which  they  were  de- 
signed in  that  the  excess  cost  of  energy  for  their  op- 
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eration  more  than  offset  all  economy  in  other  items 
possible  on  account  of  the  weight  reduction. 

H'gh  service  efficiency  is  an  essential  of  the  ideal 
equi]3inent  because  of  its  importance  in  securing  maxi- 
mum economy.  Comparison  of  motor  efficiencies  alone 
is  of  little  value  in  determining  the  efficiency  of  the 
complete  car  equii)ment,  because  the  consumption  of 
energ)'  is  greatly  affected  by  the  amount  of  rheostatic 
loss  which,  in  turn,  depends  principally  upon  motor 
speed  and  the  degree  of  saturation  of  the  motor. 
Hence,  in  selecting  the  best  from  several  available 
equipments,  it  is  necessar}'  to  know  their  relative  en- 
ergy consumptions  in  the  service  to  which  they  are 
to  be  applied. 

\\  hen  service  conditions  are  unknown,  or  imper- 
fectly known,  crude  methods  are  available  for  selecting 
an  equipment  but  no  assurance  can  be  had  that  the 
application  is  ideal.  For  example — where  a  new  line 
is  being  constructed,  the  service  to  be  given  is  fre- 
quently uncertain  and  must  be  estimated  on  the  basis 
of  knowledge  of  and  experience  with  existing  lines  in 
territory  of  similar  physical  characteristics  and  similar 
quantity,  quality  and  distribution  of  population :  the 
theorj'  of  probabilities  being  applied  to  approximate 
the  all  important  items  of  schedules  and  frequency 
and  duration  of  stops,  due  consideration  being  given  to 
the  service  on  competing  lines  if  such  exist.  This  be- 
ing done  an  equipment  may  be  chosen,  maximum  con- 
sideration being  given  to  the  proposed  car  weight. 

If  the  problem  is  to  replace  old  equipments  w^ith 
new  ones  for  the  maintenance  of  existing  service,  the 
conditions  of  which  are  unknown,  and  yet  it  is  known 
that  the  old  equipments  are  sufficiently  large,  it  is  easv 
enough  to  choose  a  new  equipment  of  equal  capacity 
and  similar  speed  and  tractive  effort  characteristics. 
However,  the  fact  that  an  existing  equipment  is  large 
enough  is  no  proof  that  a  smaller  modern  equipment 
would  not  have  sufficient  capacity  for  the  scr\'ice  and 
be  more  nearly  ideal  in  all  respects.  If  the  conditions 
are  as  described  above,  except  that  new  cars  of  differ- 
ent weight  are  to  be  purchased,  an  equipment  may  be 
selected  on  the  basis  of  the  same  horse-power  per  ton 
of  car,  always  remembering  that  the  characteristic 
curves  between  speed  and  tractive  effort  per  ton  must 
be  similar  for  the  two  motors. 

Some  progress  toward  more  nearly  approaching 
the  ideal  application  may  be  made  in  the  last  two  ex- 
amples, if  the  temperature  rises  attained  on  the  old 
equipments  are  known.  However,  where  such  approx- 
imate methods  of  selection  are  used,  it  is  only  by  acci- 
dent that  the  application  is  the  best  possible,  particu- 
larly when  new  equipments  may  include  comparatively 
recent  developments  (such  as  field  control  and  venti- 
lation), which  increase  the  service  capacity  of  the  mo- 
tors without  increasing  their  nominal  ratings.  There- 
fore, it  is  worth  while  to  repeat  that  correct  applica- 
tion requires  detailed  knowledge  of  the  service  condi- 
tions. 


Lack  of  appreciation  of  the  vital  importance  of 
this  basic  knowledge  in  making  applications  is  account- 
able for  the  remarkable  fact  that  many  railway  com- 
panies have  only  a  general  idea  of  what  their  service 
conditions  really  are  and  do  not  know  accurately  all 
of  the  service  details  which  affect  the  duty  required 
of  their  equipments.  Misapplication  of  equipments 
has  been  responsible  for  enormous  monetary  waste 
through  unsafe,  unreliable  and  uneconomical  service. 
Not  only  the  railway  companies  have  suffered  but  also 
the  equipment  manufacturers  at  times  have  been  con- 
demned for  the  inadequacy  of  perfectly  good  equip- 
ments for  whose  misapplication  they  were  in  no  way 
responsible. 

Many  large  railway  companies  by  the  purchase 
of  trial  equipment,  and  the  manufacturers  through 
their  ability  to  conduct  or  assist  in  making  service 
observations  and  tests,  and  to  furnish  engineering 
advice,  are  doing  much  to  insure  for  each  railway 
company  the  securing  of  ideal  applications,  as  well 
as  apparatus  which  is  ideal  in  design  and  con- 
struction. The  quantity  of  such  service  given  by  the 
manufacturers  is  the  natural  result  of  the  rapid  devel- 
opment of  the  electric  railway  industry  and  the  result- 
ant almost  continuous  change  in  types  and  details  of 
apparatus.  The  amount  has  been  further  increased 
because  engineers  of  railway  companies  have  not  al- 
ways familiarized  themselves  with  application  work. 
Some  railway  companies  have  considered  themselves 
financially  unable  to  incur  the  expense  connected  with 
a  detailed  study  of  their  service,  other  railway  com- 
panies have  been  disinclined  to  make  an  expenditure 
for  engineering  service,  and  the  manufacturers  have 
been  forced  by  costly  experience  to  protect  themselves 
against  the  results  of  misapplication. 

"Know  thyself"  is  an  ancient  injunction  as  val- 
uable for  use  in  the  present  and  future  as  in  the  past. 
It  may  be  applied  to  railway  companies  as  to  individ- 
uals and  is  essential  for  both  in  striving  for  the  highest 
success.  Progress  toward  complete  self-knowledge 
and  its  rewards  may  be  made  by  the  railway  companies 
by  studying  their  service  conditions  more  in  detail. 
Systematic  cooperative  effort  along  this  line  and  ex- 
tended to  cover  the  service  conditions  of  all  other  ap- 
paratus as  well  as  car  equipments,  will  produce  in- 
valuable results  for  railway  men  in  that,  when  consid- 
ered in  conjunction  with  operating  costs,  it  will  fur- 
nish each  one  a  logical  basis  for  determining  whether 
he  is  providing  maximum  service  in  the  transportation 
business  at  minimum  unit  cost  for  his  conditions. 
Therefore,  careful  consideration  of  all  phases  of  the 
problem  of  securing  ideal  application  is  suggested  to 
the  railway'  associations  as  an  activity  which  will  be 
of  material  assistance  to  their  members  and  may  mod- 
ify the  present  state  of  affairs  to  the  end  that  greater 
economy  may  be  secured  in  the  operation  of  railways. 


A  Universal  Pressed  Steel  Railway  Motor 
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THE  STANDARD  street  car  motor  today  is  a 
liighly  perfected  piece  of  apparatus,  having 
gone  through  long  periods  of  development 
until  the  weak  points  of  the  early  designs  have  been 
overcome.     The  demands  of  operators  as  well  as  the 

eiTorts  of  the  manufactur- 
ers during  the  last  few 
years  indicate  clearly, 
however,  that  further  de- 
\eIo])ment  is  required. 
Tlu-  principal  demands 
now  are : — 

I — Decreased  bulk  of 
the  motor  for  a  given  out- 
put to  permit  larger  ca- 
pacities in  a  given  space 
and     a    decrease     in    the 
height  of  the  car  floor,  as 
well     as     the     size     and 
weight  of  the  wheels. 
2 — Decreased  weight   of  the  motors,   to   reduce 
the  expense  for  carrying  around  dead  weight  and  to 
lessen  track  maintenance. 

3 — Definite  performance,  particularly  motor 
speed,  in  order  to  secure  a  uniform  distribution  of 
current  and  heating  between  motors  of  the  same  car 
or  train. 

4 — Definite  guaranteed  weight. 
5 — Accurate  overall  dimensions. 
Items  5,  4  and  5  will  permit  the  preparation  of 
definite  specifications  which  hold  the  manufacturer  to 


C.    W.    STARKER 


ff») 


w 


\ 


FIG.    I — 100    HORSE-POWER    DIRECT-CURRENT    INDUSTRIAL    MOTOR 

Rolled  Steel  frame;  pressed  steel  feet;  pressed  steel  slide 
rails.     Designed  in  1909. 

certain  high  standards  and  insure  at  all  times  a  suffi- 
cient amount  of  clearance. 

There  is  also  the  demand  for  quick  delivery. 
The  best  means  of  insuring  quick  delivery  on 
apparatus  involving  highly  specialized  and  ex- 
tremely expensive   tools    is  thorough  standardization. 


That  is,  instead  of  the  great  variety  of  motors  in  use 
by  different  railway  companies,  a  universally  applic- 
able motor  must  be  adopted  or  at  least  a  motor  which 
adapts  itself  readily  to  essential  modifications.  Such 
standardization  will  then  lead  to  large  output  so  far 
as  the  principal  parts  of  the  motor  are  concerned,  and 
will  enable  the  manufacturer  to  devise  special  equip- 
ment to  take  care  of  production  in  the  most  effective 
manner.  These  considerations,  which  are  by  no 
means  novel,  led  a  little  over  a  year  ago  to  the  de- 
sign of  the  "universal  pressed  steel  street  car  motor," 


FIG.    2 — TEN    HORSE-POWER    PKESSED-STEEL    INDUCTION    MOTOR 

The  "all  steel"  motor,  having  pressed  steel  frame,  feet, 
slide  rails  and  bearing  brackets. 

which  is  being  shown  for  the  first  time,  at  the  Amer- 
ican Electric  Railway  Association  Convention  in 
Atlantic  City. 

Just  as  the  fundamental  considerations,  as  pointed 
out,  are  nothing  but  an  application  of  old  principles 


FIG.   3 — 50   HORSE-POWER    INDUCTION    MOTOR 

Having  rolled  steel  frame,  feet  and  slide  rails.    Designed 

in  1911. 

to  a  new  field,  so  is  the  design  and  the  manufacturing 
process  of  this  pressed  steel  motor  nothing  but  an  ap- 
plication of  well  tried  out  designs  and  processes  to  a 
new  class  of  electric  motor. 

In    1909    the    Westinghouse    Company    first    de- 
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veloped  a  standard  line  of  pressed  steel  di- 
rect-current motors  ranging  from  2  to  150  horse- 
power and  designed  for  general  power  pur- 
poses. This  motor,  illustrated  in  Fig.  i,  had  a  frame 
ring  made  from  open  hearth  steel  plate,  which  has 
magnetic  qualities  about  twice  those  of  cast  iron  and 
better  than  those  of  cast  steel,  so  that  the  adoption  of 

r 


have  definitely  established  the  absolute  reliability  of 
the  riveted  joint  between  motor  frame  and  base.  Be- 
fore these  motors  were  placed  on  the  market,  exten- 
sive studies  and  experiments  were  made  to  establish 
proper  methods  and  to  obtain  proper  materials  to  in- 
sure reliable,  tight  fitting  rivets  in  all  cases.  Rivets 
are   trusted  implicitly  in  locomotive  construction,   in 


FK;.     4 — FRONT     .\xn     RE.\R    VIEWS     OF     WESTIXCHOUSE     PRESSED    STEEL  R.MLW.W   MOTOR 

Standardized   outline   dimensions;   uniform   speeds;   even   distribution  of  load  and  heating;  reduced  and  uniform  weight. 


this  material  at  once  made  it  possible  to  cut  the 
weight  and  bulk  of  the  old  cast-iron  magnetic  section 
in  half  and  to  avoid  the  uneven  magnetic  properties, 
the  blow  holes  and  the  machining  difficulties  inherent 
to  steel  castings.  The  feet  and  slide  rails  of  the 
motor  were  made  from  heavy  open  hearth  steel  plate 
formed  under  hydraulic  presses.  The  motor  feet  were 
united  with  the  frame  by  numerous  rivets,  large  in 
cross-section,  driven  hot  on  a  100  ton  hydraulic 
riveting  press.  Many  thousands  of  these  motors 
have  been  placed  in  service  during  the  last  four  years 


Q 


FIG.    5 — PRESSED   STEEL   YOKE 

Forming  the  main  magnetic  section  of  the  motor, 
from  high  permeability  open-hearth  steel. 


Made 


add  have  given  such  universal  satisfaction  under  most 
severe  operating  conditions,  that  a  few  years  later  a 
standard  line  of  alternating-current  motors  was 
brought  out,  embodying  the  same  features.  This  line 
of  alternating-current  motors  ranging  from  2  to  200 
horse-power  for  all  different  speeds,  voltages,  fre- 
quencies and  phases,  has  been  designed  and  in  suc- 
cessful use  for  several  years  for  all  classes  of  service, 
including  mill  and  hoisting  work,  which  in  the  severity 
of  its  demands  closely  approaches  that  of  street  car 
work.     These  years  of  actual  service  of  these  motors 


bridge  and  structural  work,  car  trucks,  boilers,  auto- 
mobiles and,  in  fact,  wherever  steel  plate  is  used. 
The  same  trustworthiness  of  properly  made  rivets 
has  been  proven  in  their  application  to  electric  motors. 
This  all  steel  alternating-current  motor,  modified  in 
details  for  small  and  for  larger  capacities,  but  in  the 
general  principle  of  its  mechanical  construction  iden- 


FIG.  6 — FR.\ME   H.ALF — SCSPENSIOX   SIDE 


FIG.   7 — FR.AME   HALF — .-^XLE   SIDE 

Rough  forgings  as  they  come  from  the  press.  The  lower 
half  is  formed  to  receive  the  axle  bracket.  The  commutator 
opening  of  the  upper  half,  and  the  semi-circular  openings  in 
the  ends  of  each  half  for  the  bearing  housings  are  punched 
out  in  the  ne.xt  operation.  . 

tical  with  the  direct-current  motor  described  above,  is 
shown  in  Figs.  2  and  3. 

After  the  details  of  construction  and  manufac- 
ture which  make  for  success  had  been  studied  and 
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••orked  out  in  these  types  of  motor  for  over  five 
years,  it  was  the  next  and  logical  step  to  develop  a 
pressed  steel  railway  motor.  This  new  motor  in  its 
finished  form  is  shown  in  Fig.  4. 

The  yoke,  Fig.  5,  is  made  from  a  thick  slab  of 
open  hearth  steel,  as  in  the  other  types,  except  that 


FIG.   8 — A   S.)0  TON    DOUBLE  .ACTING    HVDR.AULIC   PRESS   OF    SPECI.A.W 
DESIGN 

Used   for  the  manufacture   of   the    frame   halves    (Figs 
6  and  7). 

instead  of  being  circular,  it  is  of  octagonal  shape,  con- 
forming to  railway  motor  practice.  This  yoke  from 
high  permeability  steel  forms  the  main  magnetic  sec- 
tion of  the  motor.     It  is  pressed  very  accurately  to 


FIG.  9 — AXLE  BRACKET 

Forged  hot  from  heavy  steel  plate  on  the  i  000  ton  press 
(Fig.  10.) 

shape   in  large  dies   and  goes  through   a  number  of 
operations  before  the  finished  shape  is  reached. 

The  frame  halves,  illustrated  in  Figs.  6  and  7,  are 
formed  in  dies  from  open  hearth  steel  plate  of  com- 
paratively light  section.  This  difficult  forming  work, 
involving  a  series  of  operations,  is  accomplished  by  a 


special  540  ton  double-acting  hydraulic  forging  press, 
installed  for  the  manufacture  of  pressed  steel  motors 
and  illustrated  in  Fig.  8. 

The  axle  bracket,  Fig.  9  is,  in  much  the  same 
manner,  formed  from  heavy  steel  plate  of  a  special 
grade  on  a  i  000  ton  steam-hydraulic  forging  press. 


FIG.    10 — A.    I  000   TON    STEAM-HVDRAUUC  FORCING    PRESS. 

For  pressing  large  parts  from  hea\-y  steel,  such  as  the 
axle  bracket  (Fig.  9)  of  the  pressed  steel  railway  motor. 

This  press,  one  of  the  most  modern  and  most  effective 
tools,  is  illustrated  in  Fig.  -it).  Incidentally,  it  may 
be  mentioned  that  the  material  for  these  forgings, 
as  well  as  for  the  yoke  forging,  is  of  a  special  grade 
of  steel  bought  under  strict  specifications.  The  ma- 
terials are  rigidly  inspected  and  test  specimens  of 
each  heat  are  tested  in    the    physical    and    chemical 


FIG.    II — SUSPENSION    B.\R 

For  supporting  the  motor  on  the  truck.     It  is  hot-forged 
from  a  steel  bar. 

laboratory  before  they  are  used  in  the  forging  depart- 
ment. 

The  parts  described  are  then  assembled  into  the 
frame  unit,  Fig.  12.  The  frame  halves  fit  tightly  over 
the  yokes  and  their  ends  overlap  to  make  a  tight  joint. 
The  axle  bracket  is  so  formed  as  to  fit  into  the  recess 
of  the  frames,  and  pockets,  reinforced  by  U-sections, 
are  provided  to  receive  the  12  large  rivets  which,  ex- 
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tending  through  the  hea\y  yoke,  unite  the  frame  and 
axle  bracket.  At  each  end  the  frame  halves  are 
joined  together  and  reinforced  by  two  heavy  forged 
steel    rings.     In    addition    to  this,  there  is  provided  a 


-COMPLETE    FRAME 


■'AH  rivets  are  of  large  cross-section,  driven  hot  under  50 
tons  pressure  and  extending  through  the  heavy  yoke  (Fig. 
5),  frame  halves  (Figs.  6  and  7),  and  the  axle  bracket  or  sus- 
pension liar  (Figs.  9  and  11).  The  weight  is  30  percent  less 
than  that  of  a  cast-steel  frame. 

reinforcing  forged  steel  shoe  which  transmits  direct- 
ly the  strain  between  truck  axle  and  motor  shaft. 

The  suspension  bar,  Fig.  11,  is  formed  from 
angle  iron  on  the  bulldozer  shown  in  Fig.  13  and  is 
riveted  to  the  motor  frame  and  through  the  yoke  by 
a  number  of  large  rivets.  All  this  riveting  is  done  on 
the  50  ton  hydraulic  riveter  shown  in  Fig.  14. 


FIC.    li      ,\    POWERFUL  ELECTRICAIXV -DRIVEN   BULLDOZER 

Used  in  the  manufacture  of  the  yoke   (Fig.  5)   and  the 
suspension  bar  (Fig.  11). 

The  axle  cap,  shown  in  Fig.  18,  is  also  made  from 
forged  or  pressed  steel.  Although  greatly  increasing 
the  cost  of  tools  and  equipment,  this  construction  al- 
lows a  reduction  in  weight  and  an  increase  in  strength 


and  rigidity  which  would  be  impossible  with  cast  steel. 
The  axle  cap  proper,  F'ig.  15,  takes  up  the  strain  from 
the  axle.  This  piece  is  of  liberal  thickness.  The 
flanges  at  the  ends  very  much  increase  the  rigidity  and 
take  up  the  end  thrust  on  the  flanges  of  the  axle  bear- 
ings. 

Over  this  axle  cap  fits  the  oil  box.  Fig.  16,  made 
from  comparatively  light  cold-rolled  sheet  steel.  Its 
function  is  to  hold  oil  and  waste ;  not  to  take  strains 
aside  from  those  occuring  in  handling.  Instead  of 
J4  or  ^  inches,  the  minimum  thickness  for  steel  cast- 
ings, this  box  may  therefore  be  made  from  yi  or  5/32 
inch  cold  rolled  sheet  steel  and  therefore,  the  dead 
and  useless  weight  of  this  part  is  reduced  in  just  that 
proportion. 

Both  axle  caps  are  alike,  except  that  the  one  on 
the  pinion  end  has  a  forged  steel  gear  case  arm,  Fig. 


FIG.    14 — 50    TON    HYDRAULIC    RIVETING    PRESS 

Specially    designed    for    riveting    pressed    steel     railway 
motors. 

17,  in  addition.  This  arm  is  made  comparatively  heavy 
and  of  a  particularly  deep  U-section,  as  under  certain 
conditions  it  may  have  to  transmit  severe  stresses.  As 
it  spreads  out  towards  the  end,  the  U-section  gets 
deeper.  It  has  a  very  rigid  curved  flange  and  is 
riveted  with  an  ample  number  of  large  hot-driven 
rivets  to  the  heavy  piece  forming  the  axle  cap  proper. 
All  of  these  are  factors  which  increase  rigidity  and 
strength,  and  make  this  gear  case  arm  a  most  reliable 
part  of  the  motor.  However,  if  an  accident  happens, 
as  for  instance,  the  car  running  up  on  a  manhole 
cover  or  a  large  stone,  this  forged  steel  arm  may  bend 
perhaps,  but  will  not  break  like  a  casting.  It  can  be 
straightened  out  or  taken  off  and  replaced  without  the 
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expense  and  inconvenience  caused  by  a  break  of  an 
entire  axle  cap  as  has  sometimes  occurred  in  the  case 
of  a  casting. 

The  neat  and  light  pressed  steel  commutator 
cover.  Fig.  19,  and  the  pressed  steel,  felt-lined  oil  lids, 
both  with  deep  and  non-varj-ing  grooves  all  around  for 
shedding  water,  are  also  worth  mentioning.  The  seats 
for  both  covers  are  wide, — wider  and  truer  than  cus- 
tomary on  cast  frames — giving  an  additional  guarantee 
for  tightness.  Cover  catches  of  a  design  the  same 
as  the  catches  in  general  use  on  automobile  hoods  are 
used  on  commutator  cover  and  oil  lids,  the  same  de- 


FIG.      15 — .\XLE     CAP     WITH 
FLANGES 

Pressed     from    especially 
thick  steel  plate. 


HG.     16 — OIL     BO.X 

THere  is  no  welding  on 
this  ^iece ;  it  is  pressed 
fronx;;  a  single  piece  of 
cold  foiled  sheet  steel. 


tail  being  used  on  all  covers.  This  catch  is  operated 
by  an  enclosed  spiral  spring  which,  as  it  should,  ex- 
erts full  tension  in  the  closed  position  of  the  cover. 

Excessive  weight  is  particularly  undesirable  in 
accessories  to  the  motor  which  fulfill  requirements  of 
only  secondarj'  importance,  such  as  for  example 
the  axle  collars.  The  function  of  these  axle  collars  is 
to  take  up  the  space  between  the  flange  of  the  axle 
bearing  of  the  motor  and  the  hub  of  the  car  wheel. 
This  space  ordinarily  varies  from  about  3  up  to  12 
inches  and  if  designed  from  cast  iron  these  axle  col- 
lars add  very  materially  to  the  weight  of  the  equip- 
ment.    Pressed  steel  instead  of  cast  iron  is  now  being 


FIG.    17 — GEAR    CASE    ARM 

Pressed    from    heavy    steel,    with    flanges    and    a    deep 
U-shaped  section. 

introduced  on  all  these  parts.  Fig.  20  shows  two 
axle  collars,  one  of  the  old  cast  iron  construction,  the 
other  one  of  pressed  steel.  The  latter  construction 
not  only  cuts  the  weight  in  two,  but  also  is  stronger, 
unbreakable  and.  therefore,  more  reliable  than  cast 
iron.  The  adjusting  feature,  an  adaptation  of  the 
saw-tooth  principle,  allows  wear  of  the  flange  of  the 


axle  bearing  to  be  taken  up  with  a  minimum  amount 
of  trouble,  over  a  wide  range  and  in  very  small  steps. 
These  axle  collars  are  supplied  with  or  without  the 
fiber  disc  shown  riveted  to  the  flange  in  the  illustra- 
tion.    The  function  of  this  fiber  disc,  when  used,  is 
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FIG.    18 — AXLE  CAPS  COMPLETE.  FOR  COMMUTATOR  AND 
PINION    ENDS 

All  parts  are  made  from  pressed  steel,  hot  riveted  to- 
gether on  the  50  ton  press.  They  are  unbreakable,  are 
stronger  than  cast  steel  and  about  40  percent  lighter. 

to  lengthen  the  time  between  adjustments  by  reducing 
the  friction  between  the  collar  and  the  axle  bearing. 
In  general  appearance  the  new  motor  is  not  es- 
sentiallv  diflferent  from  the  present  types ;  in  fact  it  is 
directly  interchangeable  in  rating  and  overall  dimen- 
sions with  one  of  the  most  popular  of  present  railway 
inotors. 


FIG.    ly~ PRESSED   STEEL  COMMUTATOR  COVER 

The  catch  shown  at  the  right  engages  the  holes  punched 
in  the  cover  and  pulls  the  cover  tight  by  means  of  a  spiral 
spring  inside  the  barrel  of  the  catch. 

The  development  of  pressed  steel  railway  motors 
is.  on  account  of  the  cost  of  equipment,  limited  for 
some  time  to  come  to  the  most  popular  ratings,  about 
30  to  50  horse-power.  Similar  development  on  larger 
sizes  is  quite  possible,  and  would  give  even  better 
results,   especially   with    regard   to   weight   reduction. 

r 

L 

FIG.  20 — AXLE  COLL.\RS 

Tlic  pressed  steel  collar,  at  the  left,  is  unbreakable,  is 
stronger  and  about  50  percent  lighter  than  the  cast  iron  col- 
lar at  the  right.  It  is  easily  and  positively  adjusted  by  a 
drop-f.orged,  saw-toothed  distance  piece. 

These  benefits,  however,  cannot  be  obtained  until 
there  is  a  sufliciently  large  demand  for  these  sizes,  as 
well  as  a  greater  inclination  to  adhere  to  standards. 

With  reference  to  the  universal  features,  it  is 
apparent  that  the  magnetic  section  or  yoke.   Fig.   5, 
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may  be  varied  v-.  width  and  if  necessary  in  thickness 
for  different  motor  capacities,  without  in  any  way  ef- 
fecting the  external  dimensions  of  the  motor.  Also, 
while  the  outside  dimensions    are    suitable    for    any 


FIG.    21 — A   LARGE   MOTOR-OPERATED   ECCENTRIC    PRESS 

For  punching'  and  forming  pressed  steel  parts. 

normal  truck  and  do  not  exceed  those  of  the  present 
motors,  there  is  more  room  on  the  inside,  due  partly 
to  the  higher  grade  of  material  used  and  partly  to  the 


FIG.    22 F!  FcTKIr  \I  ' 


V  OPERATED   SHEARS    L;.liU    IN    TKI.MMING 
STEEL  PLATES 


greater  accuracy  of  the  pressed  parts  as  compared 
with  rough  steel  castings.  This  allows  a  comparative- 
ly wide  margin  for  variations  of  field  windings  or  in- 
sulation.    Further   in   an   axial    direction,    it    allows 


variation  in  width  of  the  armature  core  and  field 
poles,  in  coil  space  or  space  for  blowers.  As  for  me- 
chanical variations  in  the  main  pressed  parts,  it  is 
evident  that  absolute  adherence  to  the  standard  is  es- 
sential. \'ariations  in  gear  ratio,  center  distance  be- 
tween gears,  road  clearance  and  method  of  suspension 
can  within  certain  limits  be  taken  care  of  with  com- 
jKirative  case  for  the  reason  that  the  suspension  bar, 
a.xle  bracket  and  gear-case  arm  are  non-integral  parts 
of  the  motor  frame. 

Figs.  21,  22  and  23  show  additional  presses  and 
shears,  installed  for  the  manufacture  of  pressed 
steel  motors.  The  size  and  variety  of  these  tools  give 
an  idea  of  the  enormous  investment  in  dies  and  equip- 
ment necessary  to  produce  pressed  steel  railway  mo- 


FIG.    23 — .\    MOTOR-OPCSATED    DOUBLE-ACTING    TOGGLE   PRESS 

For  cold  drawing  pressed  steel  motor  parts. 

tors.  Such  equipment  is  justified  only  by  produc- 
tion on  a  large  scale,  and  the  full  benefit  for  both  user 
and  manufacturer  will  be  derived  only  by  adopting  a 
standard  and  universally  applicable  motor  such  as  de- 
scribed. 

W  hile  the  W  estinghouse  pressed  steel  universal 
railway  motor  marks  a  step  of  progress,  and  in  a  way 
is  a  new  departure,  all  the  elements  of  construction 
which  have  entered  into  design  or  manufacture  had 
been  tried  out  and  proven  before,  and  particular  care 
has  been  taken  to  retain  and  incorporate  in  the  new 
design  all  those  points  which  have  established  the  rep- 
utation of  modern  railway  motors  for  reliability  in 
service. 


The  Visalia  Electric  Railroad 

W.    p.    L'HOMMEDIEU 

San  Francisco  Office, 
Westinghouse  Electric  &  Mfg.  Company 


IN  Tulare  county,  California,  in  the  heart  of  a  rich 
citrus  fruit  district,  is  located  the  first  15  cycle, 
single-phase  interurban  electric  railway  to  be 
placed  in  operation  in  this  countr}-.  As  it  stands  com- 
pleted today  this  road  extends  from  Visalia  to 
Exeter,  a  distance  of  10. i  miles,  and  thence  to  Lemon 
Cove,  10.8  miles  further.  From  Lemon  Cove  the 
line  has  been  extended  on  to  Red  Banks,  a  distance  of 
eight  miles.  A  branch  line  from  the  Red  Banks  ex- 
tension starts  at  Woodlake,  six  miles  from  Lemon 
Cove,  and  runs  out  into  a  newly  developed  orchard 
tract,  a  distance  of  2.3  miles,  with  two  miles  addi- 
tional now  under  construction.  At  Lemon  Cove  an- 
other branch  line  runs  out  to  what  is  known  as  Ter- 
minus on  the  Kaweah  River.  The  bathing  and  pic- 
nicing  facilities  at  this  place  have  made  it  desirable 
for  the  railroad  company  to  make  special  provision 
for  Sunday  and  holiday  pleasure  seekers.  The  con- 
veniences so  provided,  together  with  the  special  Sun- 
daj'  and  holiday  excursion  rates  which  have  been 
placed  in  effect  have  made  this  resort  a  source  of  in- 
creased passenger  revenue. 

All  of  the  system,  with  the  exception  of  the  yards 
in  \'isalia,  Exeter  and  Lemon  Cove,  is  single  track, 
and  is  owned  by  the  railway  company,  except  for  the 
section  between  Visalia  and  Exeter,  which  is  jointly 
operated  by  the  Visalia  Electric  Railway  Company 
and  the  Southern  Pacific  Railroad,  it  being  a  part  of 
the  Southern  Pacific  main  line  between  Goshen  Junc- 
tion and  Hanford.  The  total  single  track  mileage, 
including  the  portion  which  is  jointly  operated  and 
including  turnouts  and  yard  sidings,  is  45  miles. 

The  first  ground  was  broken  for  the  Exeter- 
Lemon  Cove  section  of  the  road  on  March  15,  1905, 
and  in  November  of  the  same  year  the  grade  between 
Exeter  and  Lemon  Cove  was  completed  and  ready 
for  the  track.  Track  laying  began  in  June,  1905,  on 
the  Lemon  Cove  end  of  the  line  and  the  work  was 
completed  the  following  December.  Steam  locomo- 
tives were  put  in  service  immediately  after  comple- 
tion of  the  track,  steam  service  being  continued  until 
superseded  by  the  electrical  equipment. 

Meanwhile  a  careful  investigation  of  various 
proposed  electrification  schemes  was  being  carried  on 
to  determine  what  electric  system  should  be  installed. 
While  the  plan  was  to  develop  only  a  comparatively 
short  road  at  the  outset,  the  ultimate  idea  was  that  it 
would  probably  be  expanded  to  become  an  important 
link  in  a  large  electric  railroad  system,  which  should 
cover  that  section  of  the  San  Joaquin  Valley.  \\  ith 
this  idea  in  mind  all  systems  having  restricted  fields 
of  operation  were  eliminated  from  consideration  and 
single-phase  trolley  current,  at  3300  volts,  15  cycles, 


with  Westinghouse  equipment  was  selected.  Steam 
service  was  discontinued  and  electric  operation  com- 
menced in  March,  1908.  About  one  year  later  the 
line  to  Redbanks  was  constructed  and  service  ex- 
tended over  it. 

The  portion  of  the  line  from  Exeter  to  Lemon 
Cove  is  constructed  with  fifty  pound  rails;  but  on  the 
newer  extension  to  Redbanks,  seventy-five  pound 
rails  were  employed,  owing  to  the  decision  at  that 
time  to  put  heavier  passenger  cars  in  service  and  the 
greater  weight  of  freight  trains  that  it  then  became 
evident  would  have  to  be  handled.  The  track  from 
Visalia  to  Exeter  is  laid  with  ninety  pound  rails.  The 
entire  roadbed  is  sand  ballasted  and  little  or  no  diffi- 
culty has  been  experienced  in  spite  of  the  large  cars 
and  heavy  freight  haulage  which  takes  place  during 
certain  seasons  of  the  year.  Rails  are  bonded  at 
every  joint  and  cross  bonds  are  installed  at  frequent 
intervals.  The  track  is  standard  four  feet,  eight  and 
one-half  inch  gauge.  The  maximum  grade  is  one 
percent  in  the  vicinity  of  Lemon  Cove  Station. 

OVERHE.\D  CONSTRUCTION' 

The  overhead  construction  is  of  the  bracket  type 
throughout  with  the  exception  of  the  various  pack- 
ing house  yards  and  the  car  barn  approaches,  where 
span  construction  is  necessitated.  Wood  poles  with 
wood  bracket  arms  are  used.  The  pole  spacing  is 
120  feet  on  the  tangent  with  single  catenan,-  suspen- 
sion having  twelve  hangers  per  span.  The  two  mile 
extension  now  under  construction  will  have  150  foot 
pole  spacing  with  lo-point  suspension,  using  a  more 
modern  type  of  catenary  hanger.  A  3/0  trolley  is 
supported  from  seven-sixteenths  inch  steel  messenger 
cable.  Both  rigid  and  flexible  hangers  are  in  use,  the 
later  type  being  flexible,  as  experience  has  demon- 
strated that  the  trolley  wear  is  lessened  by  using  a 
hanger  having  considerable  upward  play  in  the  messen- 
ger cable.  The  trolley  wire  is  maintained  at  a  height 
of  22  feet  above  the  rail.  All  motor  cars  and  the  loco- 
motives are  equipped  with  the  sliding  shoe  t\-pe  of 
pantograph  troUej',  which  is  the  recognized  standard 
for  alternating-current  high-voltage  trolley  operation. 
The  upward  pressure  of  the  pantograph  is  maintained 
at  approximately  ten  pounds. 

POWER   SUPPLY  AXD  ST.\TI0X    EQUIPMENT 

Power  for  operating  this  system  is  purchased 
from  the  Mt.  A\"hitney  Power  &  Electric  Company. 
This  is  furnished  the  railway  company  at  35  000  volts, 
three-phase,  60  cycles  and  is  metered  on  the  high  ten- 
sion side  of  the  step-down  transformers.  It  is  stepped 
down  to  2  200  volts,  three-phase,  60  cycles,  by  single- 
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phase  transformers  and  then  changed  to  1 1  ooo  volts, 
fifteen  cycles,  single-phase,  by  synchronous  motor  fre- 
quency changer  sets,  in  the  main  frequency-changing 
substation  at  Exeter. 

There  are  three  transformer  substations: — One 
located  about  eight  miles  from  Exeter  toward  Lemon 
Cove;   one   about   eight   miles    from   Exeter   towards 
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FIG.    I — SUE-STATION    OF   THE   VISAU.\   ELECTRIC   RAILROAD    AT 
EXETER,    CAL. 

Visalia ;  and  the  third  located  at  Woodlake,  seventeen 
miles  from  Exeter. 

The  main  substation  at  Exeter  is  a  substantial 
concrete  structure  of  pleasing  appearance,  built  in  the 
old  Mission  style,  with  steel  roof  trusses,  and  contains 
a  traveling  crane  of  ample  capacity.  The  ground  space 
occupied  by  this  building  is  approximately  56  by  83 
feet.  The  building  is  divided  longitudinally  by  a  con- 
crete fire-proof  wall,  the  frequency  changer  sets, 
switchboard  and  exciter  being  installed  in  the  main 
section  of  the  building  and  the  transformers  in  a  sep- 
arate room.  The  lightning  protective  and  high-tension 
switching  apparatus  is  installed  in  galleries  at  one  end 
of  the  building  beneath  which  are  the  general  offices 
of  the  company.  The  car  barns  and  machine  shop  are 
in  a  separate  building,  occupying  a  ground  space  of 
about  100  by  200  feet.  A  number  of  suitable  pits  are 
provided  for  the  proper  inspection  of  the  rolling  stock. 


FIG.   2 — INTERIOR   OF   EXETER    SUB-STATION 

The  main  frequency  changer  substation  is  de- 
signed to  contain  three  main  units,  two  only  of  which 
have  been  installed.  The  equipment  in  this  station 
comprises  two  two-bearing  motor-generator  fre- 
quency changer  sets,  each  composed  of  one  540  horse- 
power, synchronous  motor  wound  for  three-phase, 
sixty-cycles,  2200  volts,  with    an    induction    starting 


motor  on  an  extended  shaft,  direct-connected  to  and 
mounted  on  the  same  shaft  and  bedplate  with  one  375 
kilowatt  single-phase  generator,  wound  for  fifteen 
cycles,  1 1  000  volts.  The  single-phase  generator  is  de- 
signed so  that,  by  means  of  a  Tirrill  regulator,  normal 
voltage  can  be  maintained  with  full-load  output  at 
forty  percent  power- factor.  Mounted  on  the  extended 
shaft  of  each  frequency  changer  set  is  a  125  volt  ex- 
citer of  proper  capacity  to  excite  both  of  the  alternat- 
ing-current generators  when  they  are  delivering  25 
percent  above  normal  rated  output  at  40  percent  pow- 
er-factor. 

For  exciting  the  synchronous  motors  of  these  sets 
there  is  installed  one  125  volt  exciter,  direct  connected 
to  and  mounted  on  the  same  bedplate  with  a  three- 
phase,  60  cycle,  200  volt  induction  motor.  This  set  has 
sufficient  capacity  to  excite  the  two  synchronous  mo- 
tors now  installed. 

For  stepping  down  from  35  000  volts  to  the  syn- 
chronous motor  voltage  there  are  installed  six  150  kilo- 


FIG.    3 — WATER-COOLIXG    TOWER    .\T    EXETER    SUB-ST.\TION 

Supplying  cooling  water  for  the  transformers. 

watt,  oil-insulated,  water-cooled  transformers,  wound 
for  single-phase,  60  cycles,  35  000  to  2  200  volts,  and 
connected  in  two  banks  of  three  transformers  each, 
delta-delta.  Smaller  auxiliarj'  transformers  are  in- 
stalled to  furnish  current  for  the  motor-driven  exciter 
and  the  starting  motors  of  the  sets  as  well  as  for  the 
station  lighting  and  for  a  motor-driven  pump  for  the 
transformer  cooling  water. 

The  equipment  is  controlled  through  a  six  panel 
switchboard  including  two  synchronous  motor  panels, 
two  single-phase  generator  panels,  one  double  exciter 
panel  for  the  direct-connected  exciters,  and  a  panel  for 
the  motor-generator  exciter.  Remote  mechanically 
operated  oil  switches  are  used  for  the  35  000  volt  in- 
coming three-phase  line  and  the  1 1  000  volt  single- 
phase  outgoing  feeders.  Low  equivalent  multigap 
lightning  arresters  with  oil  insulated  choke  coils  are 
installed  for  protection  on  both  the  incoming  and  the 
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outgoing  lines.  Two  3CX)  kilowatt,  single-phase,  15 
cycle,  oil-insulated,  self-cooling  transformers  are  also 
installed  in  this  station  for  converting  from  11  000  to 
3  300  volts,  feeding  directly  to  the  trolley  at  this  point. 
The  transformer  cooling  water  is  circulated  through 
a  cooling  tower  located  just  outside  the  substation 
building. 

The  1 1  000  volt,  15  cycle,  high-tension  feeder 
transmission  lines  from  the  main  substation  at  Exeter 
to  the  three  transformer  substations  consist  of  two 
No.  3  B.  &  S.  gage  bare  copper  wire  carried  on  the 
main  trolley  poles. 

Each  of  the  three  transformer  substations  con- 
tains one  300  kilowatt,  single-phase,  15"  cycle,  oil-in- 
sulated, self-cooling  transformer,  for  converting  from 
II  000  to  3  300  volts,  together  with  high  and  low-ten- 
sion oil  switches  and  lightning  protective  apparatus. 
These  substations  have  space  provided  for  a  duplicate 
set  of  transforming  and  protective  apparatus.  The 
small  size  of  these  stations,  coupled  with  the  fact  that 
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FIG.    4 — VIEW    SHOWING    OVERHE.\D    CONSTRUCTION 

there  is  no  rotating  apparatus  installed,  makes  an  at- 
tendant unnecessarj'.  A  regular  monthly  inspection 
by  the  chief  operator  at  the  main  frequency  changer 
substation  is  all  the  attention  required  for  these  trans- 
former substations. 

ROLLING  STOCK 

Passenger  Cars — The  present  rolling  stock  of  the 
company  includes  four  42-ton  passenger  coaches,  two 
of  which  have  baggage  compartments,  the  remaining 
two  having  accommodations  for  passengers  only,  each 
of  which  is  equipped  with  four  Westinghouse,  75 
horse-power,  single-phase,  15  cycle  railway  motors 
with  battery  energized  unit  switch  (.A.B)  control,  and 
automatic  air  brakes.  The  cars  have  36  inch  wheels 
and  use  a  gear  reduction  of  60  to  17.  There  are  also 
two  trailer  coaches  of  the  same  design  as  the  four 
motor  cars,  and  two  54-ton  steel  passenger  coaches, 
each  equipped  with    four   Westinghouse    100   horse- 


power railway  motors  and  battery  energized  unit- 
switch  group  control.  These  cars  have  36.5  inch 
wheels  and  use  a  gear  reduction  of  63  to  20. 

All  motor  cars  are  provided  with,  nine-wire  train 
lines  for  train  operation,  and  the  design  of  the  equip- 
ment of  the  54-ton  cars  is  such  that  these  can  be  op- 
erated in  trains  with  the  small  cars,  the  equipments 


EIG.    3 — C.ATEX.^RY    OVERHE.AD    CONSTRUCTION    IN    THE    LEMON 
COVE   YARD 

each  handling  their  respective  shares  of  the  load.  Au- 
tomatic acceleration  is  provided  for  by  the  control 
equipments. 

The  four  motors  on  each  car  are  connected  in 
pairs,  the  two  motors  in  each  pair  being  permanently 
in  series.  The  trolley  voltage  is  stepped  down  to  the 
proper  voltage  for  the  motors  through  a  single-phase 
auto-transformer,  which  is  also  provided  with  the  nec- 
essary taps  for  securing  acceleration  without  the  in- 
sertion of  resistance,  and  for  supplying  power  for  car 
lighting  and  the  compressor  motor.  Preventive  coils 
are  connected  between  the  successive  transformer  taps, 
on  the  different  control  steps,  during  acceleration. 

Freight  Equipment — For  hauling  freight  traffic, 
there  is  one  47-ton  Baldwin-Westinghouse  electric  lo- 
comotive of  the  double  swivel  truck  class  with  box 
type  cab.  This  locomotive  is  equipped  with  four  lOO 
horse-power  motors  and  batter}-  energized  unit-s%vitch 
(HB)  control.    Westinghouse  air  brake  equipment  is 
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FIG.   6 — C0MB1N.\TI0N    PASSENGER   AND   BAGGAGE    CAR 

used,  including  two  air  compressors,  providing  straight 
air  operation  of  the  brakes  on  the  engine  and  auto- 
matic operation  for  both  the  engine  and  train.  In  gen- 
eral, the  overall  dimensions  of  this  locomotive  are: — 

Distance    between    coupler    knuckles ....  32  ft.  2  in. 

Overall    width    9  ft.  9  in. 

Total  height  over  car   roof    11  ft.  8  in. 

Total  wheel    base    21  ft.  i  in. 
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Forced  ventilation  is  provided  by  means  of  a  sep- 
arate motor-drisen  lilower,  for  both  the  motors  and 
the  transformer,  which  is  of  the  air-blast  type.  The 
locomotive  is  capable  of  exerting  a  continuous  tractive 
effort  of  5  900  pounds  at  approximately  23  miles  per 
hour.  The  full-load  tractive  effort  at  the  one  hour 
rating  of  the  motors  is  11  350  pounds  at  17.3  miles  per 
hour.  With  clean  dry  rails  the  maximum  tractive  ef- 
fort which  can  be  exerted  by  the  locomotive  is  23  500 
pounds. 

The  heavy  freight  traffic  on  this  road  takes  place 
during  the  months  of  October,  November.  December 
and  the  first  part  of  Januarj',  which  is  the  packing  sea- 
son for  the  citrus  crop.  During  these  months  in  the 
season  of  1913-14  this  one  locomotive  handled  over 
I  200  cars  of  oranges  and  lemons.  Throughout  the 
fruit  packing  season  positive  and  unfailing  service  is 
demanded  from  this  locomotive — any  failure  which 
would  cause  it  to  miss  a  single  scheduled  trip  would 
entail  the  loss  of  probably  the  entire  shipment  of  fruit 
which  was  then  prepared  for  movement.  The  growth 
of  the  freight  business  handled  over  this  system  has 
been  very  rapid  and  last  season's  tonnage  was  between 
three  and  four  times  the  tonnage  handled  five  years 
ago. 

SERVICE  AND  OPERATING  RESULTS 

The  present  passenger  schedule  of  the  road  pro- 
vides for  a  total  of  two  round  trips  between  Visalia 
and  Lemon  Cove  and  seven  round  trips  between  Visa- 
lia and  Woodlake,  two  of  these  latter  trains  running 
on  to  Redbanks.  The  running  time  one  way  from 
Lemon  Cove  to  Visalia  is  56  minutes  for  practically 


all  trains,  there  being  about  nine  stops  made,  thus  mak- 
ing a  schedule  speed  of  22.5  miles  per  hour.  It  is  pos- 
sible with  the  equipments  in  service  to  reduce  consid- 
erably the  scheduled  running  time,  but  since  the  sched- 
ule is  largely  determined  by  connections  with  steam 
trains,  there  is  no  necessity  for  doing  so.  The  average 
daily  car  mileage  made  by  the  passenger  equipment  is 
545  miles. 

Figures  compiled  for  the  operating  records  for  the 
last  quarter  of  1913  show  that  the  average  mainte- 
nance cost  of  equipment  was  as  follows : — 

Cost  of  electrical  and  mechanical  repairs  and  renewal 
of  parts  of  passenger  and  combination  cars,  including  mo- 
tor and  control  equipment,  air-brake  equipment,  trucks  and 
bodies,   1.839  cents  per  car-mile. 

Cost  of  electrical  and  mechanical  repairs  and  renewal 
of  parts  of  locomotive,  including  motor  and  control  equip- 
ment, air-brake  equipment,  cab  and  trucks,  1.134  cents  per 
locomotive-mile. 

Tola!  cost  per  car-mile  of  both  passenger  and  locomo- 
tive equipment,  including  the  cost  of  inspection,  oiling,  car 
cleaning,  etc.,  2.487  cents  per  car-mile. 

No  recent  attempt  has  been  made  to  compile  ac- 
curate data  on  the  power  consumption  of  the  equip- 
ment for  this  system.  However,  about  three  years  ago 
exhaustive  tests  were  made  to  procure  such  informa- 
tion, and  at  that  time  it  was  found  that  the  average 
was  yy  watt-hours  per  ton-mile  at  the  switchboard, 
which  included  the  power  consumed  by  both  passenger 
cars  and  locomotive.  Over  a  three  months'  period, 
readings  taken  from  meters  connected  on  the  3  300 
vo't  side  of  the  car  transformers  showed  that  the  aver- 
age power  consumption  of  the  passenger  cars  was  58 
watt-hours  per  ton-mile. 


Considerations  in  the  Design  of  Railway 

Motors 


R.  E.  Hellmund 

Railway  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


IN  DESIGNING  a  railway  motor  the  engineer  is, 
as  in  case  of  any  other  engineering  undertaking, 
continuously  confronted  by  the  fact  that  the  best 
he  is  able  to  accomplish  is  only  a  good  compromise. 
Between  the  multitude  of  facts  to  be  considered  and 
the  requirements  to  be  met  there  is  confliction  to 
such  a  degree  that  an  improvement  in  one  respect 
often  necessitates  the  sacrifice  of  some  other  advan- 
tage. Therefore,  the  art  of  designing  a  railway  motor 
consists  of  properly  considering  all  the  facts  and  re- 
quirements   and    studying   their    relative    importance, 


motor  be  adapted  to  do  the  work  for  which  it  is  in- 
tended. 

\\"\X\\  this  admission  that  the  finished  product  can- 
not be  perfect  in  ever}'  respect,  it  is  proposed  to  give 
here  an  enumeration  of  a  number  of  the  more  impor- 
tant requirements  in  the  design  of  railway  motors 
and  a  discussion  of  the  reasons  why  the  same  can 
or  cannot  be  fully  met  in  every  respect.  It  is  believed 
that  such  a  discussion  will  not  only  familiarize  the 
operating  engineer  with  some  of  the  problems  met  by 
the  designing  engineer,  but  it  will  possibly  lead  to  a 


followed  by  an  attempt  to  fulfill  as  many  of  the  re-      closer  cooperation  between  the  two,  which  in  turn  will 


quirements  as  possible,  either  partly  or  entirely,  giving 
preference  to  those  which  have  been  found  to  be  of 
greater  importance  than  others.  The  more  the  design- 
ing engineer  succeeds  in  this  attempt  the  better  will  be 
his  final  compromise,  which  means  the  better  will  his 


inevitably  lead  to  better  balanced  designs   and   con- 
structions of  railway  motors. 

The  assistance  which  the  operating  engineer  can 
give  the  designing  engineer  is  manifold.  The  former 
is  in  a  much  better  position  than  anyone  else  to  study 
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the  service  requirements  by  the  proper  collection  and 
compilation  of  operating  data,  especially  such  informa- 
tion as  brush  wear,  commutator  wear,  wear  of  bear- 
ings, expenses  for  all  kinds  of  repairs,  etc.  By  placing 
such  information  in  the  hands  of  the  designing  engi- 
neer, the  latter  will  be  enabled  to  get  a  broader  and 
more  exact  view  of  the  relative  importance  of  the  vari- 
ous requirements  the  motor  must  meet.  It  is  essential 
in  this  connection  to  have  accurate  records  of  the  di- 
rect and  indirect  expenses  caused  by  the  maintenance 
of  the  motors,  in  order  to  avoid  wrong  conclusions.  It 
often  happens,  for  instance,  that  certain  features,  while 
appearing  to  be  very  troublesome  in  the  mind  of  oper- 
ating men,  prove  to  be,  upon  closer  investigation,  of 
rather  small  importance  with  regard  to  expense ;  while 
on  the  other  hand,  it  is  often  the  case  that  a  consider- 
able amount  of  expense  for  maintenance  is  involved 
without  this  being  brought  to  the  attention  of  the  man- 
ufacturer. Quite  often  an  exact  knowledge  of  such 
expenses  on  the  part  of  the  designing  engineer  will 
soon  lead  to  a  proper  remedy,  in  some  cases  even 
without  noticeably  adding  to  the  cost  of  manufacture. 
In  other  cases,  the  operating  engineer  can  often  assist 
liimself  by  making  suggestions  for  changes  in  design, 


connection  with  almost  all  sizes  due  to  the  fact  that  the 
size  of  the  wheels  and  the  height  of  the  car  floor  are 
being  reduced  to  the  very  minimum,  while  at  the  same 
time  the  requests  for  large  clearances  below  the  motor 
have  been  most  exacting  in  some  cases. 

The  above  limitations  are  usually  readily  under- 
stood by  everybody,  but  they  are  trifles  as  compared 
with  the  space  limitations  a  designing  engineer  must 
meet  on  account  of  the  necessity  for  keeping  the  gear 
center  distance  small,  the  importance  of  which 
is  not  always  fully  realized  by  the  operating 
engineer.  In  about  80  percent  of  all  motor  applica- 
tions, the  use  of  a  verj'  large  gear  reduction  is  of  ut- 
most importance  in  order  to  keep  the  current  con- 
sumption within  economical  limits.  This  is  due  to  the 
fact  that  the  current  for  a  given  tractive  effort  will  be 
less,  as  the  gear  ratio  of  the  motor  is  increased.  Thus 
referring  to  Fig.  i,  it  will  be  seen  that  the  maximum 
size  of  the  gear  Di  is  limited  by  the  wheel  size  D 
and  the  minimum  permissible  clearance  under  the  gear 
case,  A.  If  it  is  further  assumed  that  the  minimum 
pinion  diameter  Di  has  been  adopted,  based  upon  con- 
sideration of  pinion  wear,  size  of  motor  shaft  and  the 
strength  of  the  pinion  between  the  key  and  the  root  of 


FIG.    I  FIG.   2  FIG.    3 

2  AND  3 — DIAGR.WIS   SHOWING  SPACE  LIMITATIONS    AND  RELATIONS  BETWEEN  MOTOR  SIZE,    GE.\Il  R.\TIO,  WHEEL 

SIZE    AND   CLEARANCES 


and  last,  but  not  least,  he  can  do  much  good  by  issuing 
the  proper  specifications  for  the  purchase  of  motors. 

WEIGHT  AXD  DIMENSIONS 

The  design  of  a  railway  motor  is  in  many  resi)ccts 
handicapped  to  a  very  large  degree  by  two  very  im- 
portant conditions  existing  in  railway  work,  namely, 
the  necessity  of  minimum  weight  and  the  limited  space 
available  for  the  motor.  The  reasons  for  the  desir- 
ability of  light  weight  are  evident,  namely,  that  every 
pound  which  has  to  be  carried  about  with  the  vehicle 
requires  a  certain  amount  of  power  consumption  and 
also  additional  track  maintenance.  The  space  limita- 
tions are  well  known.  It  is  evident  that  the  motor  can- 
not be  any  wider  along  the  shaft  than  there  is  space 
between  the  wheels.  While  this  limitation  is  usually 
no  great  handicap  in  the  design  of  motors  up  to  about 
60  to  75  horse-power,  it  represents  a  very  serious 
limitation  in  most  motors  of  large  ratings.  Further, 
the  vertical  height  of  the  motor  is  limited  bj-  the  neces- 
sity of  a  certain  clearance  below  and  above  the  motor 
and  the  desirability  of  keeping  the  floor  of  the  car  as 
low  as  possible.  \\'hile  in  the  past  this  limitation  was 
serious  only  with  the  larger  ratings,  it  has  recently  be- 
come one  of  the  most  serious  handicaps  in  design  in 


the  teeth,  only  the  distance  B  is  available  for  the  motor 
between  the  motor  center  and  the  axle  bearing.  This 
space  is,  in  all  but  very  few  cases  of  large  wheels  and 
small  motor  ratings,  vtry  much  less  than  is  necessary 
for  an  ideal  electrical  and  mechanical  motor  design. 
For  this  reason  it  is  against  the  operating  engineer's 
own  interest  to  insist  upon  anything  which  will  lead  to 
still  worse  conditions.  For  instance,  he  should  avoid 
the  use  of  unnecessarily  large  axles  and  unnecessarily 
hea\y  axle  bearings.  He  should  furtlier  avoid  calling 
for  unnecessarily  large  clearances  below  the  gear  case 
because  this  again  will  reduce  tlie  space  available  for 
the  motor,  as  well  as  reduce  the  maximum  gear  ratio 
to  some  extent  on  account  of  the  reduction  in  the  gear 
diameter,  as  shown  in  Fig.  2.  In  many  cases  require- 
ments have  been  such,  especiallj'  in  the  case  of  motors 
for  low  floor  cars,  that  it  was  impossible  to  use  the 
maximum  gear  ratio  and  the  operating  company  was 
obliged  to  foot  the  bill  in  the  form  of  higher  current 
consumption  and  increased  heating  of  the  motor.  It 
follows  directly  from  Fig.  3.  for  instance,  that  if  the 
clearance  below  the  gear  case  of  Fig.  i  were  to  be  in- 
creased in  a  case  where  it  is  impossible  to  further  re- 
duce the  dimension  B  of  the  motor,  there  is  only  one 
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thing  possible,  namely,  to  increase  the  pinion  as  much 
in  diameter  as  the  gear  has  to  be  decreased,  resulting 
in  a  material  change  in  gear  ratio.  In  one  instance,  an 
increased  gear  case  clearance  of  only  one-half  inch 
changed  the  gear  ratio  from  15  :  57  to  18  :  54,  which, 
in  city  service,  may  mean  an  increase  in  power 
consumption  of  10  to  15  percent,  causing  at  the  same 
time  a  correspondingly  increased  heating  of  the  motor. 
In  many  cases  where  an  increased  gear  ratio  is  not 
advantageous  with  regard  to  power  consumption  or 
the  like,  it  may  still  be  a  desirable  feature  by  making 
the  use  of  a  motor  with  higher  speed  possible,  which 
means  a  reduction  in  the  weight  and  cost  of  the  motor. 
These  conditions  cannot  be  too  strongly  impressed 
upon  the  engineer  who  writes  the  motor  specifications, 
especially  in  the  case  of  low  floor  cars  and  in  the  case 
of  all  motors  rated  above  75  horse-power.  With  mo- 
tors below  this  rating  on  33-inch  wheels,  this  point  is 
usually  not  of  such  great  importance.  It  may  also  be 
of  less  importance  in  high  speed  interurban  and  trunk 
line  service,  where  the  maximum  gear  ratio  cannot  be 
used  to  good  advantage. 

COST  OF   M.\NUFACTURE  AND   MAINTENANCE 

The  cost  of  manufacture  of  a  railway  motor 
should  be  kept  in  mind  by  the  operating  engineer  as 
much  as  by  the  designing  engineer.  It  should  be  re- 
alized in  this  connection  that  the  work  for  which  a 
railway  motor  is  intended,  does  not  consist  merely  in 
propelling  a  car  but  also  in  giving  the  public  the 
best  possible  traffic  service  at  a  minimum  cost,  yield- 
ing at  the  same  time  a  fair  profit  to  the  operating 
company  as  well  as  to  the  manufacturer  of  the  motor. 
The  fulfillment  of  all  of  these  conditions  is  materially 
assisted  by  low  first  cost.  For  this  reason  the  oper- 
ating engineer  should  be  careful  not  to  specify  fea- 
tures which  will  give  only  a  small  advantage  while 
materially  increasing  the  cost  of  the  motor.  On  the 
other  hand,  the  first  cost  of  the  motor  should  be  of 
secondary  importance  if  features  may  be  secured 
which  mean  a  reduction  of  maintenance  cost  more 
than  offsetting  the  additional  first  cost.  It  is  very 
unfortunate  in  this  connection  that  in  many  negotia- 
tions the  first  cost  of  the  motor  is  the  only  considera- 
tion, no  matter  how  much  might  be  saved  in  main- 
tenance cost  by  securing  some  very  advantageous  fea- 
tures. A  change  in  attitude  in  this  particular  respect 
can  only  work  out  to  the  advantage  of  the  purchaser. 

STANDARDIZATION 

One  of  the  most  fruitful  fields  of  cooperation  be- 
tween the  operating  engineer  and  the  designing  engin- 
eer is  with  regard  to  the  adherence  to  established 
standards.  It  may  safely  be  stated  that  a  five  to  ten 
percent  saving  in  cost  of  motors  would  be  effected  if 
a  more  thorough  understanding  existed  between  the 
operating  and  designing  engineers  regarding  stand- 
ards, thus  avoiding  many  unnecessary  new  designs. 
The  manufacturers  of  motors  are  in  the  business  for 
the  purpose  of  yielding  a  fair  profit  to  their  stockhold- 


ers but  they  desire  at  the  same  time  to  do  full  justice 
to  their  patrons,  precisely  the  same  as  the  railway 
companies.  For  this  reason  they  cannot  consistently 
expend  thousands  of  dollars  yearly  in  making  special 
designs  that  do  not  bring  a  fair  return  to  either  the 
manufacturer  or  the  railway  companies. 

The  solution  of  this  wasteful  practice  seems  to 
rest  with  the  railway  operating  engineers,  because  as 
long  as  competition  between  the  manufacturers  is  keen 
(and  it  should  be)  there  will  always  be  a  tendency  to 
vie  with  each  other,  in  endeavoring  to  currj'  favor  by 
agreeing  to  make  any  change  that  individual  pur- 
chasers may  wish  to  Xrj  out.  Since  it  is  obvious  that 
ultimately  the  cost  of  such  special  designs  must  be 
absorbed  through  sales  prices,  it  appears  to  be  a  perti- 
nent subject  for  the  railway  companies  through  their 
engineering  associations,  to  have  a  voice  in  such  mat- 
ters. This  could  be  done  by  appointing  committees  on 
railway  motor  standards,  who  could  issue  specifica- 
tions for  fixed  standards ;  these  standards  could  be  re- 
vised from  time  to  time,  and  in  this  way  the  road  kept 
open  to  continued  sane  development  and  improvement. 
Such  standards,  when  once  authoritatively  established, 
would  undoubtedly  act  as  a  guide  to  all  railway  operat- 
ing engineers  in  drawing  up  specifications,  and  would 
avoid  considerable  wasteful  expense  in  special  de- 
signs that  are  frequently  encountered,  and  for  which 
no  good  reasons  are  apparent. 

There  is  no  doubt  that  considerable  progress 
has  been  made  in  railway  motor  design  through  the 
liberal  attitude  of  the  manufacturers  in  introducing 
various  changes  in  design  to  meet  individual  specifica- 
tions of  purchasers.  A  review  of  all  of  the  changes 
made  during  the  past  few  years  discloses,  however, 
the  fact  that  many  of  them  were  unnecessary,  have 
proved  to  be  unsatisfactory,  and  were  later  abandoned, 
while  many  of  those  that  remained  and  stood  the  test 
of  time  were  suggested  improvements  that  were  first 
placed  in  trial  senice  and  properly  developed  before 
being  adopted  on  large  numbers  of  motors  as  a 
standard. 

MOTOR   FRAME 

The  principal  conditions  to  be  considered  in  the 
design  of  the  motor  frame  are  safety  of  operation,  rug- 
gedness,  light  weight,  uniformity  and  accessibility  for 
inspection  and  repair.  As  a  rule  it  is  not  very  difficult 
to  make  the  frames  sufficiently  strong  mechanically. 
On  the  other  hand,  it  is  necessary  as  a  rule,  on  account 
of  the  difficulties  experienced  in  making  steel  castings, 
to  cast  certain  sections  of  the  frame  heavier  than 
would  be  necessary  for  reasons  of  strength.  This  in 
turn  is  one  difficulty  opposing  attempts  for  getting 
light  weight.  It  appears,  therefore,  that  a  change  to 
some  material  which  permits  a  construction  as  light  as 
permissible  from  the  strength  point  of  view  is  a  step 
in  the  right  direction.  The  pressed  steel  railway 
motor  described  in  this  issue  should,  therefore,  be 
considered    as    a   very   important    development.     The 
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weight  reduction  possible  with  this  motor  is  further 
increased  due  to  the  fact  that  the  material  is  better  in 
its  magnetic  qualities.  Aside  from  using  better  ma- 
terial for  the  magnetic  sections  of  the  frame,  the  con- 
dition of  light  weight  might  further  be  fulfilled  by  de- 
signing the  motor  electrically  for  a  small  main  flux 
with  the  use  of  a  comparatively  strong  armature. 
This,  however,  can  be  done  within  certain  limits  only, 
because  going  to  the  extreme  in  this  direction  leads  to 
difficulties  in  electrical  design  with  regard  to  motor 


FIG.   4 — IIAR    TYPE    OF    SUSPENSION    FOR    RAILWAY    MOTORS 

flashing,  etc.,  as  has  been  demonstrated  by  some  de- 
signs of  light  weight  motors. 

The  condition  of  uniformity  unfortunately  can- 
not be  fulfilled  to  a  very  marked  degree  with  steel 
castings,  since  certain  variations  in  this  direction  are 
unavoidable  on  account  of  the  somewhat  variable 
thickness  of  steel  castings  and  a  certain  amount  of 
blow  holes.  The  variations  will  naturally  lead  to 
some  variation  in  the  motor  weight,  as  well  as  certain 
variations  in  motor  speed.  While  these  conditions 
could  be  improved  by  the  use  of  cast  iron  or  malleable 
iron,  the  lower  magnetic  qualities  and  mechanical 
strength  make  the  use  of  these  materials  practically  im- 
possible. It  seems,  therefore,  that  here  again  the 
pressed  steel  construction  represents  the  only  hope  for 
improved  conditions. 

The  condition  of  accessibility  for  inspection  and 
repair  may  best  be  fulfilled  by  the  use  of  a  split  motor 
which  can  be  opened  up  underneath  the  car  and  taken 
apart  for  inspection  and  repair,  but  here  again  other 
conditions  must  be  considered  at  the  same  time  ani 
the  best  compromise  chosen.  It  is  of  little  advantage 
to  adopt  a  motor  which  can  easily  be  repaired  if  this 
necessitates  the  use  of  a  construction  causing  addi- 
tional repairs.  No  matter  how  good  the  design  of  the 
split  frame  may  be  it  will  always  require  inspection 
and  maintenance  of  the  bolts,  which  are  eliminated  in 
the  box  frame.  This  fact  should  be  kept  in  mind  by 
the  operating  man.  His  decision  in  the  matter  will,  of 
course,  largely  be  governed  by  his  own  shop  facilities 
for  remoN'ing  the  motor  from  under  the  car.  As  a 
rule,  the  better  equipped  large  railway  barn  finds  the 
box  type  frame  more  advantageous,  while  other  prop- 
erties which  do  not  have  adequate  shop  facilities  for 
handling  box  frames  often  fare  better  with  the  split 
frame  motor.  These  latter  remarks  apply  more  par- 
ticularly to  standard  motors  of  the  smaller  ratings. 


In  the  larger  ratings,  the  split  construction  is  not  only 
[jractically  impossible  on  account  of  space  limitations, 
but  its  use  would  also  be  exceedingly  undesirable  be- 
cause the  larger  strains  in  such  motors  make  the  de- 
sign more  difficult.  In  some  of  the  motors  recently 
designed  for  small  wheels  the  split  construction  is  also 
practically  impossible  on  account  of  space  limitations. 
With  regard  to  safety,  the  principal  point  to  be 
considered  in  the  frame  design  is  to  provide  means  to 
prevent  the  dropping  of  the  motor  out  of  the  truck. 
In  case  of  bar  suspended  motors,  the  bar  is  held  to 
the  motor  by  heavy  bolts  but  it  is  advisable  to  have 
certain  frame  portions  extending  over  the  bar  to  carry 
the  motor  weight  in  case  the  bolts  fail,  as  shown  in 
Fig.  4.  In  case  of  nose-suspended  motors,  there 
should  always  be  some  extra  safety  lugs  for  emer- 
gency, as  shown  in  Fig.  5,  to  catch  the  motor  in  case 
the  nose  breaks.  This  is  advisable  since  no  matter 
how  strong  the  nose  is  made  there  is  always  a  chance 
for  flaws  and  blow  holes  as  long  as  cast  steel  is  being 
used.  Another  feature  to  be  considered  in  the  frame 
design  is  the  provision  of  drain  holes  of  sufficient 
size  in  the  bottom  of  the  frame.  While  such  holes, 
especially  in  enclosed  motors,  increase  the  chance  for 
getting  water  into  the  motor,  their  use  seems  never- 
theless desirable.  As  a  rule  it  is  impossible  in  en- 
closed motors  to  keep  water  altogether  out  of  the  mo- 
tor because  whenever  the  car  is  allowed  to  stand  over 
night  in  the  barn  there  may  be  a  certain  condensation 
inside  of  the  motor,  and  this  water,  if  kept  in  the 
motor,  will  cause  much  more  damage  than  whatever 
water  might  temporarily  get  in  through  the  drain 
holes  and  flow  right  out  again.     The  drain  holes  are 


FIG.   5 — RAILWAY   MOTOR   SUSPENSION   OF   THE   NOSE   TYPE 

also  advantageous  because  carelessness  on  the  part 
of  the  men  oiling  the  bearings  often  causes  oil  to  get 
into  the  motor,  which  would  have  a  harmful  effect  on 
the  insulation  of  the  field  coils  if  retained.  As  a 
matter  of  course  the  frame  should  be  provided  with 
lifting  bails,  hooks  or  some  other  means  for  facilitat- 
ing the  handling.  For  the  rest,  the  design  of  the 
frame  requires,  as  a  rule,  much  time  and  effort  to 
get  sufficient  space  on  the  inside  for  the  poles  and 
held  coils  with  sufficient  clearance  between  these  parts 
to  permit  an  easy  removal  in  case  of  repair. 
{To  be  continued) 


The    Pittsburgh,    Harmony,    Butler    &   New 

Castle  Railway 


BEAVER  VALLEY  LINE 

G.    T.    TWYFORD 
Master  Mechanic, 


P.   H.   B.  &  N.  C 

THE  PROJECTION  of  the  Harmony  Rotite 
passenger  and  freight  system  of  interurban 
service  into  the  Beaver  Valley,  at  last  closes  a 
territorial  gap  which  has  been  the  burial  ground  of 
much  previous  engineering  and  finance.  It  connects 
up  the  prosperous  counties  and  county  seats  of  Alle- 
gheny, Butler,  Beaver  and  Lawrence,  together  with 
the  Mahoning  and  Shenango  \^alleys  and  their  allied 
interests,  and  opens  up  a  previously  unserved  terri- 
tory south  of  the  Beaver  river.     Lawrence  county, 


FIG.     I — MAP    OF    PITTSBURGH,    H.^RMONY,    BUTLER    &    NEWC.'kSTLE 
R.\IL\VAY 

together  with  the  Alahoning  and  Shenango  Valleys, 
is  now  in  direct  traction  touch  with  the  Beaver  and 
Ohio  \'alleys,  and  Butler  county  and  the  territory  to 
the  north  and  south  are  now  relieved  from  the  cir- 
cuitous and  tortuous  route  of  the  Ohio  river  by  this 
direct  service  through  Elwood  City  to  the  south.  The 
territory  lying  south  of  the  Beaver  river  will  now  re- 
ceive the  attention  of  electric  traction  as  the  topog- 
raphy of  the  countr}-  toward  Darlington,  Colum- 
biana,   Salem    and    East    Liverpool,    and    west    to 


Railway  Company 

Youngstown  presents  every  inducement  for  further 
extension  of  the  Harmony  Route  System.  Hourly 
service  between  New  Castle  and  Beaver  will  be 
maintained  over  the  new  division. 

The  Beaver  Valley  branch  is  not  an  interurban 
system,  such  as  are  most  of  the  electric  roads  in  this 
section,  but  it  is  built  under  steam  railroad  con- 
struction, with  much  of  its  own  right-of-way,  low 
grades,  long  radius  curves,  steel  bridges  and  con- 
crete masonry.  ]\Iany  obstacles  caused  by  the  natural 
topography  of  the  country  had  to  be  overcome  in 
this  project,  such  as  the  construction  of  the  Beaver 
River  bridge,  which  had  to  span  the  four-track  system 
of  the  New  York  Central,  the  double-track  system  of 
the  Pennsylvania  Railroad,  and  the  Elwood  Connect- 
ing Railroad,  as  well  as  the  Beaver  River  itself  and 
the  future  route  of  the  Erie  Canal. 

SUB-STATION 

The  sub-station  for  this  branch  of  the  Harmony 
Route  -System  is  located  at  Koppel,  about  four  miles 
from  Elwood  City,  and  is  to  be  utilized,  not  only 
for  electrical  apparatus,  but  also  as  a  waiting  sta- 
tion for  passengers  and  as  a  freight  station. 

There  is  installed  in  the  station  at  present  one 
550  k.v.a.  three-phase  13  200  volt  transformer  and 
tw^o  250  kw  three-phase,  60  cycle,  600  volt  rotary 
converters  mounted  on  the  same  bedplate,  connected 
in  series  to  give  i  200  volts  direct  current.  The  sta- 
tion is  provided  with  a  three-panel  switchboard, 
low-equivalent  lightning  arresters,  disconnecting 
switches  and  choke  coils,  with  Burke  horn  gap 
lightning  arresters  and  choke  coils  on  the  outside  of 
the  building. 

ROLLING  STOCK 

The  new  cars  for  this  system  consist  of  five 
combination  passenger  and  baggage  cars  and  one 
freight  car.  The  principal  dimensions  and  weights 
of  these  cars  are : — 

Length  over  all.  47  ft.  2  in. 

Width  over  all,  8  ft.  2.5  in. 

Distance  Ijetween  truck  centers,  24   ft. 

Truck  wheel  base,  6  ft.  6  in. 

Diameter  of  wheels,  33  in. 

Weight  of  car  body.  10.845  lbs. 

Standard  trucks,  weight  each.  10270  His. 

Four  motors,  including  gear  and  gear  case.   14  480  lbs. 

Control  equipment,  including  wire  and  conduit,  4  146  lbs. 

Air  brake  equipment.  2501   lbs. 

Hand  brake  equipment,  250  lbs. 

Heaters,  I  4.S0  lbs. 

Miscellaneous.  4  on  lbs. 

.■\verage  passenger  load,  4  000  lbs. 

Total  weight,  67  187  lbs. 

Seating  capacity,  64  passengers. 
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The  electrical  equipment  consists  of  quadruple 
equipmen'ts  of  \^'estinghousc  333-B-3  commutating- 
pole  motors,  rated  at  115  horse-power  600  volts, 
with  a  gear  reduction  on  the  passenger  cars  of  57  to 
21  and  on  the  freight  car  of  61  to  16.    The  type  HL, 


fuses  for  the  control  and  lighting  circuits;  the  main 
change-over  switch ;  the  main  motor  cut-out  switch ; 
and  the  protective  cutout  switch  and  telephone. 
The  protective  cut-out  switch  is  a  special  switch 
which  operates  automatically  and  clears  the  control 


FIG.    2 — TYPE    OF    PASSF.XGER    CAR    USED 

non-automatic  control  equipment  is  arranged  to  give 
full  speed  on  the  600  volt  as  well  as  on  the  i  200 
volt  sections  with  an  acceleration  which  is  excep- 
tionally smooth. 

All  of  the  control   apparatus  operated   by   the 
motorman  is  located  in  the  cab  of  the  car,  as  shown 


ON    THE    p.     H.    B.     &     N.    C.     RAU-WAY 

and  light  circuits,  in  case  the  motorman  should  go 
from  the  600  to  the  i  200  volt  trolley  and  fail  to 
throw  the  change-over  switch  to  the  i  200  volt  posi- 
tion. The  motors  are  so  connected  that  the  motor 
cut-out  switch  cuts  out  the  motors  in  pairs  of  i  and 
5  and  2  and  4.     The   function  of  the  change-over 


FK;.    3 — IXTKRIOR    VIEW    OF    CAR 

Showing  lighting  and  seating  arrangements. 

in  Fig.  4.  with  a  view  to  making  all  switches  as  con- 
venient as  possible.  The  control,  light  and  com- 
pressor switches  are  all  located  on  the  frieze  board 
just  over  the  car  window,  in  easy  reach  of  the 
motorman.  A  cabinet  is  built  in  the  cab  on  the 
right  side  of  the  motorman.  and  contains  the  main 
knife  switch  in  the  trolley  circuit ;  three  six  ampere 


FIG.    4 — INSIDE    OF    CAB 

Showing  location  of  master  controller,  air  brake  equip- 
ment  and   switches 

switch  is  to  connect  two  motors  in  series  for  i  200 
volt  operation  and  in  multiple  for  600  volt  opera- 
tion. It  also  connects  the  different  steps  of  the 
starting  resistance  in  parallel  for  600  volt  operation. 
The  master  controller  is  of  the  hand-operated  type, 
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with  dead  man's  feature  and  has  five  points  for 
series  and  four  points  for  multiple  operation  of  the 
motors. 

A  great  step  in  advance  has  been  made  by  the 
elimination  of  the  dynamotor,  using  in  its  place  a 
specially    designed    resistance    of    640    ohms.     The 


FIG.    5 — VIEW    UNDER    THE    C.\R 

Showing  the  location  and  method  of  mounting  the  equip- 
ment, including  control,  grid  resistors,  air  tanks  and  piping, 
conduit,  etc. 

total  resistance  of  640  ohms  is  in  series  for  i  200 
volt  operation,  and  when  the  main  change-over 
switch  is  thrown  to  the  600  volt  position,  320  ohms 
are  shunted,  leaving  320  ohms  in  series  for  600  volt 
operation.  The  control  is  then  shunted  across  a  por- 
tion of  this  resistance  so  as  to  give  appro.ximately 
100  volts  over  the  control  magnets  at  all  times.  The 
headlight  resistance  is  of  the  same  type  as  that  for 
the  control  and  has  a  total  resistance  of  234  ohms 
and  a  current  capacity  of  4.4  amperes.  The  head- 
light resistance  also  has  the  same  provision  in  the 
change-over  switch  for  600  volt  operation  as  the 
control  resistance. 

A  unique  lighting  system  has  been  adopted  by 
using  15  and  25  watt  tungsten  lamps.  The  36  lamps 
comprising  the  car  lighting  system  are  divided  into 
three  circuits  of  12  lamps  in  series  for  i  200  volt 
operation,  and  these  circuits  are  separated  by  the 
change-over   switch,   to   connect    six   lamps    in   series 


FIG.    6 — LOCATION    .\ND    MOUNTING    OF    CONTROL    EQUIPMENT 

for  600  volt  operation.  The  lamps  are  located 
in  the  circle  of  the  roof  directly  over  the  back  of 
each  seat,  and  are  equipped  with  elliptical  pressed 
prism  glass  shades.  All  light  circuits  are  made  with 
cable  wire,  insulated  for  2  500  volts,  and  all  car  wir- 
ing to  the  lamps  is  carried  in  a  separate  groove,  cut 


in  the  back  of  the  frieze  board  just  over  the  car 
window. 

The  control  wiring  is  carried  through  steel  enamel 
conduit  in  straight  runs  and  the  main  motor  wiring 
is  taken  care  of  by  means  of  two  transfer  boxes 
which  are  connected  together  by  five  straight  runs 
of  two-inch  steel  conduit.  These  transfer  boxes  are 
three-eighths  inch  castings  and  are  made  in  sections 
to  adapt  them  to  the  underframing  of  the  car  body, 
the  sections  being  bolted  together.  A  water-tight 
joint  is  made  possible  by  using  a  flange  and  ma- 
chined joint. 

The  first  transfer  box,  which  is  made  in  three 
sections,  is  located  directly  under  the  cabinet  in  the 
cab  and  takes  all  the  main  motor  wiring  from  the 
change-over  and  cut-out  switches,  and  also  the  trol- 
ley cable  and  distributes  them  through  the  two-inch 
conduit  runs  to  the  main  transfer  box. 

The  main  transfer  box  is  made  in  five  sections 
all  bolted  together.  The  first  section  takes  the  two- 
inch  conduit  runs  from  the  box  located  in  the  front 
of  the  car.     The  second  section  is  at  right  angles  to 


FIG.    7 — SPECIAL   VENTILATOR    DOOR 

Designed  to  cause  a  movement  of  air  within  the  car  from 
rear  to  front. 

the  first  and  takes  one  two-inch  outlet  from  the  line 
switch.  The  third  and  fourth  sections  are  all  in 
line  with  the  second  section,  and  parallel  with  the 
sills  of  the  car  body.  These  sections  take  the  two- 
inch  outlets  from  the  switch  group  and  reverser. 
The  fifth  section  is  at  right  angles  to  the  fourth, 
crossing  over  under  the  two  center  sills  of  the  car 
body,  and  takes  the  four  1.5  inch  conduit  runs  from 
the  motors  on  either  side  of  the  center  sills.  This 
transfer  box,  when  bolted  together,  makes  a  com- 
plete unit  which  takes  care  of  all  the  main  wiring 
from  all  four  motors,  all  the  switches,  the  reverser 
and  the  starting  resistance. 

The  connections  made  from  th^  main  transfer 
box  to  the  line  switch,  switch  group  and  reverser 
are    made    through    fiber    tubing,    two    inches    in 
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diameter  and  three-sixteenths  of  an  inch  thick.  This 
fiber  tubing  is  boiled  24  hours  in  paratfine  which 
makes  it  impervious  to  water  and  increases  its  life. 
The  fiber  insulates  the  switches  and  reverser.  from 
the  transfer  box,  which  of  course  is  grounded.  All 
I  200  volt  apparatus  is  insulated  from  the  hangers 
by  means  of  a  special  insulated  bolt,  with  a  por- 
celain insulator. 

The  cars  have  a  seating  capacity  of  58  passen- 
gers, and  special  provision  is  made  to  seat  64  passen- 
gers by  placing  folding  chairs  in  the  baggage  com- 
partment. The  maximum  seating  cai^acity  has  been 
obtained  by  eliminating  the  partition  between  the 
smoker  and  the  main  section  of  the  car,  the  first 
three  pairs  of  front  seats  being  reserved  for  smok- 
ing.    This   scheme   of   seat   arrangement   has   been 


made  possible  by  the  system  of  ventilation  used  in 
these  cars,  which  was  originated  by  Mr.  Harry  Eth- 
ridge,  superintendent  of  the  Harmony  Route  Sys- 
tem. The  ventilators  are  located  in  the  two  front 
side  doors  in  the  baggage  compartment,  as  shown  in 
Fig.  7.  When  a  car  is  in  motion  there  is  produced 
an  unbalanced  air  pressure  between  the  rear  and 
front  of  the  car,  and  if  these  pressures  are  allowed  to 
neutralize  each  other  there  will  be  a  continuous  cir- 
culation of  air  from  the  rear  to  the  front  of  the  car, 
and  out  through  the  side  ventilators.  The  circula- 
tion of  air  increases  to  a  maximum  as  it  approaches 
the  ventilator  in  the  front  of  the  car.  In  a  car 
equipped  with  this  system  of  ventilation,  the  smoke 
from  the  smoking  section  passes  directly  in  front  of 
the  smoker  and  out  through  the  car  ventilator. 


Some  Railway  Operating  Results 

H.    L.    KiRKER 

THE  REAL  TEST  of  any  railway  installation  is  continuous  operation  over  a  long  period.  The 
follou-ing  resume  of  the  operating  conditions  on  a  number  of  prominent  single-phase  railways  gives  an 
interesting  insight   into    the   results   being   secured  in   actual  practice. 

THE  INDIANAPOLIS  &  CINCINNATI  TRACTION  COMPANY 


THE  Indianapolis  &  Cincinnati  Traction  Company  built 
the  original  single-phase  road  in  the  United  States.  It 
is  now  in  its  tenth  year  of  operation,  furnishing  a  high 
speed  interurban  service  at  a  low  operating  cost,  and  its  reve- 
nues are  more  than  sufficient  to  pay  its  operating  expenses 
and  fixed  charges.  Since  this  road  has  long  ceased  to  be  a 
novelty,  its  operating  record  is  somewhat  overshadowed  by 
the  publicity  now  being  given  to  high  voltage  direct-current 
roads,  and  a  reminder  is  in  order.  We  are  according'ly  cit- 
ing some  of  the  Indianapolis  &  Cincinnati  Traction  Com- 
pany's pertinent  operating  statistics.  For  a  clearer  apprecia- 
tion of  the  figures  a  few  of  the  physical  facts  relative  to  this 
important  interurban  road  will  be  recalled. 

The  Indianapolis  &  Cincinnati  Traction  Company's  lines 
are  made  up  of  two  routes,  as  follows : — 

Indiantlpolis    Terminal    to    ConnorsvUle 58   miles 

Indianapolis    Terminal    to    Greensburg 49   miles 

The  two  routes  use  a  common  track  from  the  Indianapo- 
lis Terminal  to  the  junction,  a  distance  of  4.3  miles.  Three 
miles  of  this  distance  is  double  track  with  500  volt  direct- 
current  trolley.  The  rest  of  the  route  is  single  track  with 
3300  volt  single-phase  trolley.  There  are  lOo  miles  of  single- 
phase  track.  .\11  the  motors  operate  on  both  direct  and  alter- 
nating current. 

The  motor  equipment  is  as  follows: — 

18   combinatioit    ]iasseiiger   and    baggage   cars   equipped   with    four    100    hp 
motors 
4   express    and    freight    cars    equipned    with    four    lOrt    hp    motors.      The 
combination  cars  have  a  seating  capacity  of  54  and  weigh  51  tons 
without  load. 

The  passenger  service  is  as  follows : — 

Local    trains    50  per  day 

Limited    trains    21  per  day 

Dispatch   trains    7  per  day 


7S  per  day 

Some    of    them    are    as 


Total    trains 

All    the   schedules    are    severe 
follows : — 

Indianapolis  Terminal  to   Greensburg  (49  miles) 

Local    trains    24.6  miles  per  hour 

Limited    trains  J 29.6  miles  per  hour 

Dispatch   trains    S3. 6  miles  per  hour 

Indianapolis   Terminal  to  Connersville  (58  miles) 

Local    trains     25.2  miles  per  hour 

Limited    trains    32.7  miles  per  hour 

Dispatch  trains    SS.S  miles  per  hour 


Indianapolis   Terminal   to   Rushville    (40.9   miles) 


Local  trains    

Limited    trains    

Dispatch  trains    

Junction    to    Dagler    (Interurban    stretch    between 
ville — 35.5  miles) 

I.acal   trains    

Limited    trains    

Dispatch  trains    

Maximum  speed,  60  miles  per 

TABLE  I. 


■^4,0  miles  per  hour 
31.5  miles  per  hour 
37.1  miles  per  hour 
Indianapolis    and    Rush- 

31 .0  miles  per  hour 
42.0  miles  per  hour 
53.5  miles  per  hour 
hour 


Operating  Expenses 


I — Way   and   structures, 

cents  per  car  mile.. 

II — Equipment,    c.    p. cm. 

Ill — lYaffic.  c.  p.c.m 

IV — T  r  a  11  s  portation,'   c. , 

p.c.m , 

V — G  e  n  eral    and    misc., 

c.    p.c.m 1 

Total     operating     ex- ;  - 


1913. 


1914. 


2.856 
3.117 
0.226 

3.536 
2.685 
0.158 

S.677 
3.474 
0.134 

3.316 
3.362 
0.090 

7.360 

7.239 

7.666 

7.978 

3.867 

3.896 

4.196 

4.391 

17.426 

17.614 

19.147 

19.137 

Some  of  the  operatias  expense  accounts  were  as  follows   (c  p.c.m) 


Aect.  No.  30,  Uaint.  of 
power  plant  equipment.. 

.\cct.  No.  SI.  Maint.  ol 
substation  equipment. .  . 

Acct.  Nos.  32-35,  Maint. 
of  all  cars 

.\cct.  Nos.  36-37,  Maint. 
of  elec.  equip,  of  all 
cars     

Acct.  Nos.  49-59.  Power. 

.\cct.  62-63,  Misc.  Car 
service  employes  am' 
expenses    

.\cct.  Nos.  66-67,  Car- 
house   emplys.   &  exps. 

Kw-hr.  per  car-mile  at 
power  plant    


The  car  mileage  was  as  follows: 


0.602  0.051 

0.017  0.099 

0.S29  0.996 


1.670 
3.020 


1.792 
3.031 


0.426 
0.687 


Passenger   car   miles . 
Freight    car   miles.  .  . 


1  438  697     1  397  468 
139  617         138  570 


1  351  698     1  344  158 
115  159         120  502 


Total    car    mileage . 


1  57S  314  I  1  536  038     1  466  857     1  464  660 


The  revenues  were  as  follows: 


Pass.  &  Exp.  car  revenue  $405  572 

Freight     revenue     39  040 

Other   revenue    982 

Total     operating    reve-    

nues  $445  594 

Total   operating   ex- 
penses   j275  042 


$40S  622 

35  134 

1  064 

$444  820 

$269  Oil 


$413  733   $419  220 

36  497     38  753 

1  185      2 165 


451  415    $460  138 
$2S0  866   $280  298 
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These  speeds  necessarily  make  heavy  drafts  on  power. 
The  power  consumption  at  the  power  plant,  however,  is  not 
abnormal.  The  average  for  the  last  four  years  is  5.12  kw-hr. 
per  car-mile  and  the  cost  3.33  cents  per  car-mile.  This  cost 
figure  is  the  sum  of  the  power  plant  and  substation  operating 
expense.  Inasmuch  as  the  installation  is  single-phase  the  sub- 
stations are  merely  transformer  substations;  the  power  cost 
is  practically  all  power  plant  cost.  The  high  speeds  are  also 
reflected  in  the  maintenance  cost.    The  average  figure  for  the 
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FIG.     I — MAP    OF    INDIANAPOLIS    AND    CINCINNATI    TRACTION 
company's  LINES 

last  four  years  for  Group  II,  Maintenance  of  Equipment,  is 
3.21^  per  car-mile.  The  total  operating  expense  for  the  same 
period,  however,  averaged  but  i8.8<;  per  car-mile.  The  four 
year  summary  of  the  operating  results  is  given  in  Table  I. 

The  calendar  year  1913  was  a  hard  year  for  the  Traction 
Company.  It  was  a  year  of  flood  and  strikes.  First  came 
the  disastrous  March  flood  that  submerged  equipment  and 
•washed  out  tracks.     Then  came  the  trainmen's  strike  in  August 


and  then  the  linemen's  strike  in  September.  Finally  the  strike 
iin  the  city  lines  in  Indianapolis  in  November  prevented  the 
Traction  Company's  cars  from  entering  the  city.  This  mixed 
up  year  affected  the  Company's  showing  for  both  1913  and 
1914.  But  as  shown  in  Table  II  the  average  operating  ex- 
pense per  car-mile  for  the  last  four  years  on  the  Indianapolis 
&  Cincinnati  Traction  compares  favorably  with  the  operat- 
ing expense  of  a  number  of  direct-current  interurban  roads. 
table  II — average  operating  expense,  per  car-mile  for 

SEVERAL  TYPICAL  INTERURBAN  ROADS. 

Indianapolis  &  Cincinnati  'i'rac. 

Co.,  sinKl<'-r'hasp.  3  3il0  volts..  .  .  IS. 8  c.  p.c.m.  (Avg.  1911-14) 

Washington,  Baltimore  &  Annapolis 

Electric  R.  R.,  1  200  volt  trol- 

kv   \    conduit 19.9  c.  p.c.m.  (.Ug.  1911-13) 

Pittsburgh,   Harmony,    Butler  & 

New   Castle   Rwy.    1  200    volt 

trolley    19.3  e.  p.c.m.  (Avg.  191 113) 

Aurora.   Klein  &  Chicago  R,  R., 

600  volt  trolley  and  3d  rail....         18.1  c.  p.c.m.  ( Avg.  191 113) 
Ft.   Dodge,   Des  Moines  &  South- 
ern R.  R.,  1  200  volt  trolley.  .  .  .         20.7  c.  p.c.m.  (1913) 
Oregon  Electric  Rwy.,  1  200  volt 

trolley   29.7  c.  p.c.m.  (Avg.   1911-13) 

Central    California    Trac.    Co., 

1  200   volt  3i\   rail 27.0  c.  p.c.m.  (Avg.  1912-13) 

Scioto  Valley  Traction  Co.,  600 

volt  3d  rail 20.7  c.  p.c.m.  (Avg.  1910-11  &  '13) 

Otsego  &  Herkimer  R.   R.,   600 

volt  trolley 30.1  c.  p.c.m.  (Avg.  1910-13) 

West   Penn  Railways,   600  vollt 

trolley 22. .5  c.  p.c.m.  (Avg.  1910-13) 

The  above  figures  have  been  derived  from  annual  re- 
ports to  the  Interstate  Commerce  Commission.  They  bring 
out  a  fact  not  generally  known,  viz.,  that  the  operating  ex- 
pense per  car-mile  on  the  Indianapolis  &  Cincinnati  Traction, 
the  original  single-phase  road  in  the  United  States,  is  lower 
than  the  operating  expense  on  a  number  of  typical  direct- 
current  interurban  roads  of  both  the  6oo-volt  and  the  i  200- 
volt  class.  The  ten  years'  record  of  the  single-phase  equip- 
ments on  the  Indianapolis  &  Cincinnati  Traction  lines  is  a 
convincing  guarantee  of  the  ability  of  the  single-phase  rail- 
way motor  to  stav  put. 


ROCK  ISLAND  SOUTHERN  RAILWAY 


THE  Rock  Island  Southern  Railway  is  more  than  an  in- 
teriirlian  line.  It  is  a  real  railroad,  and  its  economic 
location  is  good,  especially  as  regards  freight  traffic.  It 
is  a  north  and  south  line  in  western  Illinois  that  taps  several 
east  and  west  steam  roads.  A  glance  at  the  map  shows  that 
it  has  no  competition  in  its  territory.  It  runs  through  a  rich 
agricultural  country  and  opens  up  a  new  coal  field.  The  main 
line  extends  southerly  from  Rock  Island  to  Monmouth,  111., 
a  distance  of  50  miles.  For  20  miles  out  of  Rock  Island 
the  "Southern"  uses  the  Chicago,  Rock  Island  &  Pacific  tracks. 
The  rest  of  the  route  is  new  construction.  At  Rock  Island 
the  road  interchanges  traffic  with  the  "Rock  Island,"  the 
"Burlington"  and  the  "St.  Paul."  At  Gilchrist,  30  miles  south 
of  Rock  Island,  it  has  a  physical  connection  with  the  "Burling- 
ton." .^.t  Monmouth  it  interchanges  with  the  Minneapolis 
&  St.  Louis  (Iowa  Central)  and  the  "Burlington."  Seven 
miles  east  of  Monmouth,  at  Cameron,  it  has  a  physical  con- 
nection with  the  "Santa  Fe."  A  branch  line  extends  to  Aledo, 
six  miles,  another  to  Alexis,  four  miles,  another  to  the  Math- 
erville  mines,  another  to  the  Riddleville  brick  yards  and  clay 
banks  and  another  to  the  gravel  pits  near  Milan.  Altogether 
there  are  60  miles  of  single-phase  track  and  a  mile  or  two 
of  extensions  over  which  the  trolley  wire  has  not  yet  been 
strung. 

The  transportation  facilities  which  this  new  route  fur- 
nishes are  unlocking  the  resources  of  this  territory.  Stock 
yards  are  going  in,  grain  elevators  are  being  built,  towns  are 
growing,  and  diversified  industries  are  springing  up.  The 
nimble  service  furnished  by  the  electric  "motors"  is  the  main 
factor  in  the  development.  The  steam  locomotive  with  its 
infrequent  three-car  local  passenger  trains  and  its  slow  mov- 


ing local  freight  trains,  could  not  accomplish  such  results 
as  the  Rock  Island  Southern  is  getting.  All  of  the  passenger 
traffic  is  handled  electrically.  The  freight  business  on  the 
south  half  of  the  line  is  handled  by  "motors,"  as  the  carbarn 
is  at  Monmouth.  The  freight  business  on  the  north  half  is 
handled  by  steam,  since  the  round  house  is  at  Rock  Island. 
Steam  locomotives  are  also  used  in  the  mine  yards  and  gravel 
pits  and  at  several  other  points  where  the  trolley  construction 
has   not   been   completed. 

There  are  six  passenger  cars  and  two  freight  "motors," 
six  steam  locomotives  and  213  freight  cars.  The  passenger 
cars  are  equipped  with  four  loo  horse-power,  single-phase 
motors,  and  the  freight  "motors"  are  equipped  with  four  125 
horse-power,  single-phase  motors.  The  passenger  cars  are 
geared  for  a  free  running  speed  of  45  miles  per  hour  and 
are  operated  at  a  schedule  speed  of  22  miles  per  hour.  The 
freight  "motors"  can  handle  a  330  ton  train  on  the  ruling 
grades  and  500-ton  trains  on  the  rest  of  the  line.  The  most 
of  the  steam  locomotives  are  engines  that  w-ere  used  during 
the  construction  period.  They  are  employed  primarily  in  the 
coal  traffic  and  necessarily  on  the  track  extensions  over  which 
the  trolley  wire  has  not  yet  been  strung. 

The  road  is  a  young  one — barely  four  years  old.  Steam 
service  was  inaugurated  during  the  summer  of  igio  and  elec- 
tric service  in  December  of  the  same  year,  when  the  power 
plant  was  put  in  commission.  The  initial  service  was  neces- 
sarily crude,  for  the  construction  work  was  far  from  com- 
plete when  the  road  began  to  furnish  transportation  and  take 
in  revenue.  There  were  troubles,  both  physical  and  financial. 
Most  new  roads  have  their  troubles  during  the  lean  years  of 
early  operation.     It  often   happens   that   sufficient   provision 
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has  not  been  made  to  safeguard  the  investment  during  the 
time  the  new  road  is  not  self-supporting.  The  Rock  Island 
Southern,  however,  has  more  than  paid  its  operating  ex- 
penses from  the  start. 

The  four  year  statement,  year  ending  June  30,   i()i4,  is 
given  in  Table  I : — 

T.4BLE  1. 


Items 

1911 

1912 

1913 

1914 

Freight  revenue    

Passenger  revenue    

Other   revenue    

Total    revenue    

Operating    expenses 

$  71  913 

65  830 
6  292 

$108  640 

117  217 

6  630 

$165  707 

138  476 

10  223 

$137  398 

173  696 

14  372 

$134035'    $231387      $314  406      $325  366 
$100  236  1    $163  632  i   $174  209  j   $202  347 

This  statement   effectively   refutes  various  gloomy   forecasts 
made   for  the   road.     The   first  popular  prediction  was  that 
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the  promoters  could  never  build  the  road.  As  the  road  neared 
completion  the  forecasters  decided  that  the  promoters  could 
never  operate  a  single-phase  road  anyhow.  As  operation 
began  to  settle  down  to  the  present  routine  the  prophets  took 
the  final  stand  that  the  operating  expenses  would  swamp  the 
property.  The  four  years  record  discredits  all  critics.  The 
fact  is  the  road  is  a  live  wire  property  with  energy  behind 
it  .^s  already  pointed  out  its  economic  location  is  good. 
The  iiooo  volt  trolley  and  the  single-phase  equipment  fur- 
nish a  simple  and  effective  motive  power.  The  promoters 
took  a  long  look  ahead  before  they  made  their  fundamental 
decision  on  motive  power.  Having  made  their  decision  they 
proceeded  to  finance  the  property,  put  in  the  road  and  oper- 
ate it.  W.  the  end  of  four  years'  operation  the  same  people 
continued  to  run  the  road.  The  property  is  in  good  physical 
shape  and  is  growing.  The  service  is  good,  the  traffic  is  good 
and  the  future  prospects  are  good. 

The  Rock  Island  Southern  is  a  practical  e.xample  of  high 
voltage  railroading.  Here  is  a  50  mile  route  with  the  power 
plant  at  the  middle  of  the  line  and  a  single  trolley  wire 
between  terminaks,  without  a  feeder  and  without  a  sub-station. 
With  IIOOO  volts  on  the  trolley,  a  500-ton  train  can  be  han- 
dled at  the  end  of  the  line  without  a  material  drop  in  press- 
ure at  the  train.  The  motors  themselves  are  fed  from  the 
secondary  of  the  transformer  on  the  car  at  the  maximum 
voltage  of  500 — the  same  voltage  that  is  used  in  city  street 
car  service.  Moreover,  these  motors  and  the  control  are 
insulated  from  the  ground.     Insulation  failures  and  flashing 


are  accordingly  reduced  to  a  minimum.  The  control  is  sim- 
ple. These  three  facts— low  voltage  motors,  non-grounded 
motor  circuits  and  simple  low  voltage  control— all  combine 
to  minimize  equipment  failures. 

Here  is  the  main  motor  failure  record  for  the  last  four 
years : — 

1010 

None 
1911 

September  Hth — Locomotive  burnt  out  one  armature  on  account  of 
low  Iieanngs.     Armature  rubbed  aeld  poles. 

December  24tii — Passenger  car  armature  burnt  out.  Car  bad  l>een 
overloaded  in  freight  service, 

1912 

February  6th — Locomotive  armature  split  a  pinion.  Armature  ran 
away,  destroying  armature  winding  and  field  winding. 

F'ebruary  26th — Pas.'iciifur  car  armature  burnt  out.  Car  had  been 
ovcrlnatied  in  frei',;iit  service, 

March  1 2th — Locomotive  armature  burnt  out.  Same  armature  had 
had  pinion  trouble  a  few  days  previous  to  burnout. 

March  2,sth — Par-senger  car  armature  burnt  out  on  account  of  neglected 
broken  brushes.  Failed  at  the  end  of  3  days  of  hard  service,  with  no 
time  allowed  for  inspection. 

October  21st — Locomotive  armature  broke  shaft  at  pinion.  Arma- 
ture ran  away,  destroying  armature  winding  and  field  winding. 

November  23d — Passenger  car  armature,  removed  to  have  commuta- 
tor turned,  found  to  be  grounded. 

December  15th — Passenger  car  armature  found  to  be  grounded  at 
regular  inspection. 

1913 

September  1st — Locomotive  armature  winding  destroyed  by  loose 
field  plate  bolt. 

October  3d — Passenger  car  armature  burnt  out  on  account  of  bent 
shaft. 

1914 

None  to  date — .\ugust  31st. 

The  total  number  of  main  motor  failures  in  four  years 
is  eleven.  Five  of  these  were  due  to  mechanical  causes.  Dur- 
ing the  years  1911-12  the  passenger  cars  did  a  great  deal  of 
freight  work.  They  hauled  freight  cars  over  the  line  and 
did  switching  work  at  the  stations.  Had  the  single-phase 
equipments  not  been  exceedingly  robust  the  service  would 
have  been  disastrous  to  the  motors  and  control. 

The  simplicity  of  the  equipment  is  emphasized  by  the 
fact  that  no  corps  of  electric  experts  is  required  to  keep  the 
"motors"  rolling.  The  general  superintendent  is  a  steam 
man — a  transportation  man  who,  previous  to  his  coming  to 
this  property,  had  no  experience  with  electric  motive  power. 
The  master  mechanic  is  a  steam  man,  also  without  previous 
electric  experience.  The  dispatchers  are  steam  men,  likewise 
the  roadmaster.  The  lineman,  of  course,  is  an  electrical  man. 
The  man  who  has  run  the  power  plant  for  the  last  three 
years  is  a  steam  man  who  has  acquired  a  working  knowledge 
of  electrical  machinery.  Necessarily,  some  of  the  men  at 
the  car  barn  are  electrical  men.  but  the  bulk  of  the  work  at 
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the  barn  is  mechanical.  Keeping  the  motors  and  control  in 
commission  is  by  no  means  the  most  expensive  part  of  the 
barn  work. 

Steatn  road  men  watching  the  performance  of  the  "mo- 
tors" on  the  Rock  Island  Southern  cannot  escape  being  im- 
pressed with  the  simple  solution  which  high  voltage  trolley 
and  low  voltage  motors  and  control  give  for  steam  road 
branch  line  work.  These  steam  men  see  that  this  motive 
power  is  easy  to  apply  and  easy  to  operate,  that  it  is  simple 
and  reliable,  that  it  can  handle  a  heavy  freight  train  as  easily 
as  it  handles  a  single  car  passenger  train,  and  .T*-;iiminer  that 
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power  can  be  bought  at  the  trolley — as  it  actually  is 
in  the  case  of  the  Rock  Island  Southern— they  see  that  the 
investment  practically  narrows  down  to  the  Irolley,  the  "mo- 
tors" and  a  modest  addition  to  the  shop  and  stores.  Elim- 
inating the  power  plant,  the  transmission  line,  the  substations 
and  the  feeders,  brings  the  investment  down  to  a  point 
where  steam  road  managements  can  begin  to  take  interest  in 
the  subject  of  branch  line  electrifications.  Then  with  ex- 
amples of  satisfactory  performance  such  as  the   Rock  Island 


Southern    "motors"    afford    them    the    steam    men    can    give 
branch  line  electrification  serious  attention. 

One  of  the  most  satisfactory  features  in  connection  with 
the  Rock  Island  Southern  is  the  attitude  of  its  operating 
force — practically  all  steam  men— towards  electric  motive 
power.  Ask  any  of  them  how  the  electric  trains  are  running 
and  their  answer  is,  in  the  language  of  Joe,  "O.  K.  and  on 
time." 


NEW  YORK,  WESTCHESTER  &  BOSTON  RAILWAY 


THE   New  York,   Westchester  &  Boston   Railway  is  a 
single-phase  suburban  road.     It  extends  from  New 
York    (Harlem    River)    through    Mount    Vernon    to 
New  Rochelle,  a  distance  of  12.2  miles.    A  branch  extends 
from   Mount   Vernon   to   White   Plains,   a   distance   of  9.2 
miles.     Mount   Vernon   is   10.3   miles   from   Harlem   River. 


1.  Subav 

laurMntKb  Bulinj     (  Elo'ital  1 

Inuibonutli  EUtiM  Bj 

AppNllinM*  Seal* 


FIG.   4 — NEW    YORK,   WESTCHESTER    &   BOSTON    R.\ILW.\V 

The  road  is  two  and  four-track  and  is  controlled  by  the 
New  York,  New  Haven  &  Hartford  Railroad.  The  trolley 
pressure  is  11  000  volts.  The  motors  are  straight  single- 
phase.     Electric  service  was  inaugurated  May,  1912. 

The  passenger  rolling  stock  consists  of  30  cars  weigh- 
ing  60   tons    each    without   passenger   load.      Each    car   is 


equipped  with  two  175  hp  single-phase  motors  and  multi- 
ple-unit control.  Twenty-eight  of  the  cars  are  passenger 
cars  with  a  seating  capacity  of  78.  The  other  two  are 
combination   passenger  and  baggage   cars. 

In  the  Harlem  River — White  Plains  service,  about  half 
of  the  trains  are  local  all  the  way  through.  These  trains 
have  a  schedule  speed  of  25  miles  per  hour  and  average  0.89 
of  a  mile  between  stops.  The  rest  of  the  trains  in  the  White 
Plains  service  are  express  between  Harlem  River  and  Mount 
Vernon  and  local  the  rest  of  the  way.  These  trains  have  a 
schedule  speed  of  31.7  miles  per  hour  from  terminal  to  ter- 
minal and  average  1.78  miles  between  stops. 

About  half  the  New  Rochelle  trains  are  local  all  the  way 
through.  The  schedule  speed  of  these  local  trains  is  21.6 
miles  per  hour  and  they  average  0.68  of  a  mile  between  stops. 
The  rest  of  the  New  Rochelle  trains  are  express  between 
Harlem  River  and  Mount  Vernon  and  local  the  rest  of  the 
way.  The  schedule  speed  of  these  trains  is  34.6  miles  per 
hour  from  terminal  to  terminal  and  they  average  1.7S 
miles  between  stops. 

The  power  consumption  averages  about  4.5  kw-hr.  per 
car-mile  at  the  car  for  the  whole  service,  or  about  69 
watt-hours  per  ton-mile  at  the  car  for  the  loaded  car 
weighing  65  tons.  This  figure  is  the  total  power  consump- 
tion at  the  car.  In  addition  to  the  power  consumed  by 
the  main  motors,  it  includes  light,  heat,  auxiliaries  and  all 
losses. 

The  New  York,  Westchester  &  Boston  is  making  an 
extraordinary  record  in  the  matter  of  reliability  of  service. 
During  the  year  ending  June  30,  1914,  there  were  but  78 
delays  and  three  annulments  chargeable  to  the  electric 
motive  power  out  of  a  total  of  73  460  trains  operated.  The 
record  was  as  follows: — 

Total  number  of  trains  run    (electric) 73  460 

Total  !iumber  of  delays  chargeable  to  electric  motive  power 78 

Total  minutes  dela.v  chargeable  to  electric  motive  power 568 

-Average   number   of   minutes    per   delay 7.27 

Total  number  of  annulments  chargeable  to  electric  motive  power.  .  3 

The  78  delays  and  3  annulments  were  distributed  over 
the  12  months  as  follows: — 


1 

Delays 

Avg.  Min. 

Total  Min. 

July    1913. 
Aug 

. .  .  .          in 

13.5 

10.8 

6.4 

5.5 
7.4 
1.5 
2.5 
7.85 

4.85 

7.8 
5.0 

0 

135 
43 
32 

33 
66.5 

3 
12.5 
118 

58 
47 
20 

0 

.  .  .  .              4 

Sept 

Oct 

1   annulment. 

5 

.  .  .  .             6 

Dec     .  .  . 

0 

Jan.    1914. 
Feb 

5 

.  .  .  .           15 

Mar 

1   annulment. 

....           1  '2 

Apr 

c 

May    

June   .... 

1   annulment. 

0 

78 

7.28 

I 

568.0 

This  record  includes  all  delays  chargeable  to  electric 
motive  power.  It  is  the  total  of  all  delays  occasioned  by 
car  equipment  failures,  line  failures,  power  plant  failures 
and  man  failures.  Of  the  78  delays,  but  three  were  due 
to   motor  trouble.     These   three   motor   trouble   delavs   to- 
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taicd  but  nine  minutes.  Thirty  were  chargeable  to  pan- 
tagraphs  and  18  to  brake  equipment.  The  others  were 
due  to  power  failures,  control  troubles,  man  failures  and 
miscellaneous  trouble.     This  performance   on   the  part  of 


the  Xew  York.  Westchester  &  Boston  Raitwav  is  another 
proof  of  the  applicability  of  the  high  voltage  single-phase 
trolley  and  the  low  voltage  single-phase  motor  and  con- 
trol to  railroad  work. 


MULTIPLE  UNIT  TRAIN  SERVICE  ON  CHICAGO,  LAKE  SHORE  &  SOUTH  BEND  RAILWAY 

The  C.  L.  S,  Gr  S.  B.  Railway  extends  from  South  Bend,  Ind..  to  Pullman,  III.,  a  distanee  of  yb  miles.  Through 
passenger  service  is  furnished  to  Chicago  over  the  Illinois  Central  tracks.  The  Illinois  Central  locomotives  haul  the 
inlerurban  trailers  belu'cen  Kensington  Station  on  the  C.  L.  S  &  S.  B.  near  Pullman,  and  the  Illinois  Central's  Randolph 
Street  Station  in  Chicago.     The  motor  equipment  is  single-phase.     The  trolley  pressure  is  6  600  volts. 

ANOTHER  demonstration  of  the  significance  of  high 
trolley  voltage  was  made  by  the  Chicago,  Lake 
Shore  &  South  Bend  Railway  last  July  4th.  On  the 
4th  this  road  handled  four  times  its  normal  traffic  and 
handled  it  without  change  of  schedule.  It  did  it  by  in- 
creasing the  size  of  its  regular  trains.  The  "South  Shore," 
as  the  road  is  known  locally,  ran  holiday  trains  of  a  size 
that  would  flounder  a  direct-current  trolley  road.  It  han- 
dled these  trains  with  ease  and  promptness.  The  biggest 
train   was   made   up   of  7   multiple-unit   cars  and   weighed 


stock  was  on  the  road.  The  service  was  excellent.  There 
was  no  confusion.  There  were  no  accidents.  There  were 
no  failures  of  electric  equipment.  One  car  developed  a 
hot  bo.x.  One  car  broke  a  journal  brass.  That  was  the 
extent  of  the  troubles.  There  were  no  second  sections. 
Solid  multiple-unit  trains  did  the  work.  There  was  no 
slump  in  trolley  voltage — no  drop  in  speed.  The  number 
of  train  orders  issued  was  exceedingly  small.  Forty-five  of 
the  54  trains  reached  their  destination  on  time. 

The   4th   of   July   performance   of   the   Chicago,    Lake 
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about  330  tons.  The  average  size  of  train  for  the  day 
was  three  cars.  .\Itogether  54  trains  were  run.  The  sizes 
were  as  follows: — 


4 

trains — 1 

car 

•>■? 

trains — 2 

cars 

13 

trains — 3 

cars 

8 

trains — 4 

cars 

4 

trains — 5 

cars 

1 

train  — 6 

cars 

2 

trains — 7 

cars 

Xormally  the  trains  between  South  Bend  and  Gary 
(59  miles  single  track)  are  single  car,  and  between  Gary 
and  Pullman  (17  miles,  double  track),  they  range  from  one 
to  three  cars. 

The  relative  .size  of  the  holiday  traffic  peak  is  indicated 
by  the  following  table : — 


July  4, 1914 

July  1,1914     ! 

ft  475 
3  399 
12.25c 

Total  number  of  passengers  carried. . . 
Total    car    miles 

15  260 

S150 

30c 

Note  that  the  average  fare  on  the  4th  was  more  than 
double  the  normal  fare  (which  means  the  distance  trav- 
eled per  passenger  on  the  4th  was  more  than  double  the 
normal  distance  traveled  per  passenger)  and  that  the 
total  car-miles  on  the  4th  was  about  double  the  nor- 
mal daily  passenger  car  mileage.  Twice  the  normal  num- 
ber of  passengers  traveling  twice  the  normal  distance  gave 
a  volume  of  traffic  four  times  the  normal.     All  the  rolling 


Shore  &  South  Bend  is  characteristic  of  the  all  year  round 
performance  on  this  road.  The  trains  move  with  a  re- 
markable regularity.  The  yearly  average  shows  that  more 
than  97  percent  of  the  trains  reach  the  terminals  on  time. 
Multiple-unit  trains  are  built  up  on  a  moment's  notice. 
During  the  excursion  season,  trains  of  5,  6  and  7  cars  are 
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a  common  occurrence.  The  ability  to  handle  big  multiple- 
unit  trains  on  the  C.  L.  S.  &  S.  B.  and  the  ability  to  arrive 
on  time  is  due  to  two  facts,  viz.  the  high  voltage  trolley 
and  the  management.  The  high  voltage  trolley  makes  the 
performance  possible.     The  management  makes  it  a  fact. 


Methods  of  Load  Dispatching 

THE  SYSTEM  OF  THE  PUBLIC  SERVICE  ELECTRIC  COMPANY  OF  NEW  JERSEY 

J.  T.  Lawson 
Chief  Operator 


THE   Public  Service   Electric  Company  consists  of  three 
main   divisions  over  the  state  of   New  Jersey — North- 
ern, Central  and  Southern,  according  to  their  geograph- 
ical   relation    in    the    state,    having    load    dispatching    cen- 
ters at  Marion,  Perth  Amboy  and  Burlington,  respectively. 

The  Northern  division  consists  of  five  active  steam- 
driven  central  stations  with  a  combined  capacity  of  112700 
kilowatts  and  two  stand-by  steam-driven  central  stations 
with  a  combined  capacity  of  9525  kilowatts.  These  stations 
are  connected  through  200  miles  of  underground  cable  and 
J25  miles  of  overhead  transmission  lines  to  thirty-three  sub- 
stations with  a  combined  capacity  of  129  050  kilowatts. 

The  Central  division  consists  of  five  steam-driven  central 
stations  with  a  combined  capacity  of  20000  kilowatts.  In 
this  division  there  are  130  miles  of  overhead  transmission, 
with  practically  no  underground  cable,  connecting  the  stations 
to  12  substations  having  a  combined  capacity  of  41  600  kilo- 
watts. 

The  Southern  division  consists  of  four  active  steam- 
driven  stations  with  a  combined  capacity  of  19200  kilowatts 
and  five  stand-by  steam  stations  with  a  combined  capacity  of 
2  440  kilowatts.  Four  of  these  stand-by  stations  will  be  re- 
placed this  year  by  substations,  so  that  the  capacity  of  this 
division  can  be  rated  at  19  200  kilowatts.  Connected  to  these 
stations  through  134  miles  of  overhead  transmission  (prac- 
tically no  underground  cable)  are  16  substations  with  a  com- 
bined capacity  of  22  85a  kilowatts. 

The  Northern  and  Central  divisions  were  recently  con- 
nected through  one  of  the  substations,  but  their  respective 
load  dispatching  centers  and  methods  were  not  changed  ex- 
cept that  the  men  worked  together  regarding  their  respective 
divisions,  where  formerly  they  were  independent  of  each 
other. 

As  the  Northern  division  is  the  largest  in  connected  ap- 
paratus and  the  amount  of  business  handled,  the  methods 
practiced  in  this  division  are  of  the  most  interest.  The  other 
two  divisions  use  practically  the  same  methods,  the  only  dif- 
ference being  in  the  amount  of  work  and  business  the  dis- 
patchers have  to  handle. 

The  load  dispatching  system  was  adopted  by  this  Com- 
pany about  ten  years  ago  when  the  Marion  station  was  built. 
The  reasons  for  its  adoption  are  probably  the  same  as  in  all 
other  electric  operating  companies;  growth  and  extension  of 
business  to  such  an  extent  that  it  becomes  necessary,  for  con- 
tinuity of  service,  safety  of  employees  and  economical  manu- 
facture of  electric  current,  to  control  all  operations  from  a 
central  point.  Prior  to  this  time  the  Company  controlled  a 
number  of  small  engine-driven  power  stations  scattered  over 
a  territory  of  approximately  200  square  miles,  generating  al- 
ternating current  at  2400  volts  for  lighting  and  direct  cur- 
rent at  500  volts  for  railway  purposes,  operating  over  feed- 
ers of  the  usual  lengths  for  work  of  this  character.  With 
the  completion  of  Marion  the  policy  was  changed  and  nu- 
merous substations  were  built  to  take  the  place  of  the  steam- 
driven  stations,  connected  by  13  200  volt,  60  and  25  cycle 
transmission  circuits,  with  Marion  as  the  center;  the  60  cycle 
power  being  used  through  static  transformers  for  lighting 
and  power,  and  the  25  cycle  power  through  rotary  converters 
for  railway  work.  The  apparatus  for  two  separate  and  dis- 
tinct systems  w-as  therefore  housed  under  the  same  central 
and  substation  roofs.  The  system  at  this  time  was  compar- 
atively small,  consisting  of  30  miles  of  "overhead  lines  and  70 
miles  of  underground  cable.    Connected  to  this  network  were 


39250  kilowatts  in  central  station  apparatus  and  32200  kilo- 
watts in  substation  apparatus. 

Today  the  system  has  grown  so  that  the  Marion  and 
Perth  Amboy  men  control  a  system  consisting  of  200  miles 
of  underground  cable  and  255  miles  of  overhead  transmission 
with  central  station  apparatus  of  142855  kilowatts,  and  sub- 
station apparatus  of  170650  kilowatts.  The  transmission  ca- 
bles have  increased  in  size  from  No.  4  to  350000  circular  mils, 
the  converters  from  300  to  2  000  kilowatts,  the  transformers 
from  500  to  3  000  kilowatts  and  the  generators  from  3  000 
to  25  000  kilowatts.  In  this  period  two  new  central  stations 
and  30  new  substations  have  been  built,  a  number  of  old  sta- 
tions have  been  remodeled  and  work  has  been  started  on  a 
new  station  which  will  have  an  ultimate  capacity  of  150000 
kilowatts.  A  diagrammatical  layout  of  the  system  is  shown 
in  Fig.  I,  from  which  a  general  idea  of  the  system  can  ue 
obtained. 

To  control  this  system  the  load  dispatcher  situated  at 
Marion  has  a  private  telephone  system  connecting  the  central 
stations  and  substations,  which  is  maintained  by  the  local  tele- 
phone company.  This  telephone  system  enables  the  load  dis- 
patcher to  have  direct  communication  w'ith  every  switchboard 
operator  in  the  system  immediately,  without  the  delay  occa- 
sioned by  talking  through  a  local  telephone  exchange;  an  ar- 
rangement which  is  of  untold  value  in  times  of  emergency. 
Located  on  the  wall  of  the  office  in  plain  view  of  the  operator, 
as  he  sits  at  the  telephone  board,  is  a  diagrammatic  layout 
of  the  stations,  substations  and  transmissions  system,  show- 
ing every  electrical  detail  of  generators,  transformers,  con- 
verters and  all  switches  and  lines.  This  board  can  be  oper- 
ated by  hand  in  such  a  manner  that  every  electrical  connec- 
tion is  shown  and  acts  as  the  load  dispatcher's  guide  to  the 
apparatus  and  lines.  A  scheme  of  white  and  red  plugs  is 
used  to  indicate  apparatus  and  lines  in  service,  the  white  in- 
dicating those  in  operation,  the  red  indicating  those  unavail- 
able for  immediate  use.  As  fast  as  the  load  dispatcher  orders 
in  machines,  lines,  etc.,  his  assistant  plugs  up  the  board  ac- 
cordingly, to  show  the  actual  electrical  connections,  the  red 
plugs  being  inserted  in  apparatus  and  lines  which  have  been 
ordered  out  of  service  by  the  load  dispatcher  for  repairs  or 
other  reasons. 

Printed  rules  for  the  operation  of  the  transmission  sys- 
tem are  distributed  among  the  employees.  These  rules  are 
as  follows : — 

TR.'IN'SMISSION  SYSTEM. 

The    "transmission    system"    consists    of    the    power    houses,    sub-sta- 
tions,   transmission   lines,    cibles   and   apparatus     inter-connected   for   par- 
allel   or  combined   operation. 
Load   Dispatcher. 

(Where  the  word  "Load  dispatcher"  appears  in  the  following  rules 
and  instructions,  it  is  understood  to  mean  "Load  dispatcher  or  his 
assistant   on   duty.") 

The  general  operation  of  the  transmission  system  is  under  the  gen- 
eral supervision  of  a  load  dispatcher,  reporting  direct  to  the  general 
superintendent  of  plants.  For  the  initial-  operation  there  is  a  load  dis- 
patcher located  at  the  Marion  station  switchboard.  This  is  connected  by 
a  private  telephone  system  with  the  different  stations  and  substations 
operating  in  connection  therewith.  There  are  also  telephone  connections 
to  these  stations  and  substations  from  the  Marion  board  through  the 
local   Public  Service  exchanges. 

All  cases  of  trouble,  which  are  likely  to  affect  the  operation  of  the 
transmission  system,  occurring  in  or  reported  to  the  power  house  or  sub- 
stations, must  be  promptly  reported  to  the  load  dispatcher. 

Power  Stations — Each  power  station  is  in  charge  of  a  superin- 
tendent, reporting  directly  to  the  general  superintendent.  Reporting  to  the 
superintendent  of  a  power  station  are  a  chief  engineer,  and  three  watch 
engineers,  one  of  whom  is  always  on  duty.  The  watch  engineer  on  duty 
has  immediate  charge  of  the  operation  of  the  power  house,  and  is  re- 
sponsible for  having  sufficient  capacity  in  boilers,  turbines,  engines  and 
auxiliary  apparatus  in  readiness  to  carry  the  normal  load,  as  needed.  He 
will  also,  under  instructions  from  the  load  dispatcher,  carry  such  addi- 
tional load  as  may  he  required.  Any  apparatus  to  be  rendered  unavailable 
shall  be  first  reported  to  the  load  dispatcher  except  in  case  of  emergency, 
and  in  such  cases  shall  be  so  reported  immediately  thereafter. 
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The  watch  engineer  must  see  that  the  load  dispatcher  is  kept  posted 
as  to  tlie  number  or  capacity  of  generators  in  service,  and  the  number 
of  boilers  under  steam  or  banked.  Any  trouble,  actual  or  impending, 
which  is  likely  to  interfere  with  the  operation  of  any  station,  must  be 
promptly  reported  to  the  load  dispatcher,  so  that  arrangements  can  be 
made  with  uther  stations  to  take  over  the  load  where  possible. 

Sub-Stations — All  sub-stutions  are  in  charge  of  the  superintendent, 
reportiiij^   dirt-ctly   to  the  general   superintendfnt. 

TliL-  sub-staiioii  operators  will  run  such  rotary  converters,  static  trans- 
formers, etc.,  as  may  be  needed  to  carry  the  load,  as  directed  by  the 
superintendent.  No  13  OOO  volt  line  switches  ^ihall  be  operated  without 
instructions  from  load  dispatcher  except  in  case  of  extreme  emergency, 
and  if  so  operated  the  load  dispatcher  must  be  promptly  advised.  The 
Eub-station  operator  will  take  instructions  from  the  load  dispatcher  in 
regard  to  switching  all  outgoing  or  incoming  high  tension  circuits. 

'J'Ik'  li>ad  dispatcher  must  be  kept  advised  of  the  number  of  rotarj'  con- 
verters, static  transformers,  etc.,  in  operation,  the  load  carried  and  also, 
in  a  general  way,  as  to  the  condition  of  the  sub-station.  Any  trouble  oc- 
ctirring  or  impending  in  the  sub-stations  must  be  reported  to  the  load 
dispatcher  as  soon  as  possible,  also  any  trouble  occurring  or  impending 
near  the  sub-stati'>n  on  the  lines  or  cables  or  feeders  which  may  be 
brought  to  the  attention  of  the  superintendent  or  operators,  must  be  re- 
ported to  the  load  dispatcher  immediately.  Any  apparatus  to  be  ren- 
dered unavailable  sliall  be  first  reported  to  the  load  dispatcher  except  in 
case  of  emergency,  and  in  such  cases  shall  be  so  reported  immediately 
thereafter. 

EMKUGKNCY    OPERATING    INSTRUCTIONS. 

13  000   Volt    Lines — In   case  of   trouble  on   lines   or  in   sub-stations, 

causing  one  or  more  13  000  volt  switches  to  open,  the  switchboard  oper- 
ator will  report  at  once  to  the  load  dispatcher,  giving  full  information.  If 
any  damage  has  been  caused  either  to  apjiaratus  or  oil  switches,  he  will 
report  the  nature  and  extent  of  same  and  advise  the  load  dispatcher  as  to 
the  station's  ability  to  carry  the  load  which  has  been  dropped.  The  load 
dispatcher  will  immediately  make  all  possible  provision  lor  picking  up 
the  load  which  has  been  dropped,  this  matter  taking  precedence  over 
everything,  and  after  same  has  been  accomplished  will  proceed  to  test 
the  lines  and  locate  the  trouble,  operators  and  everyone  concerned  being 
under  his  orders  for  the  time  being.  In  all  such  cases  of  trouble  in  power 
stations  or  sub-stations,  instructions  from  the  load  dispatcher  will  govern. 

If  tests  show  there  is  trouble  on  a  line,  endeavor  to  isolate  it  by  open- 
ing all  necessary  switches.  All  tests  will  be  made  under  the  direction  of 
the  load  dispatcher  in  conjunction  with  the  superintendent. 

As  soon  as  possible  after  trouble  occurs,  the  load  dispatcher  will 
notify  the  superintendent  of  the  division  concerned,  so  that  arrangements 
can  be  made  to  assemble  men  and  start  repair  work.  The  holding  of 
gangs  of  men  for  this  purpose  is  under  the  discretion  of  the  load  dis- 
patcher who  is  at  all  times  responsible  for  the  promptness  of  locating 
faults  on  cables  and  lines,  and  all  concerned  must  work  under  his  direc- 
tions until  fault  is  definitely  located,  after  which  the  responsibility  rests 
with  the  cable  department. 

As  soon  as  repairs  have  been  made  on  an  imderground  cable  or  over- 
head transmission  line,  the  fact  is  to  be  reported  to  the  load  dispatcher 
who  will  be  responsible  for  both  insulatioon  and  phase  tests  being  made 
before  the  cable  is  put  in  service  again. 

Sub'Stations — In  case  of  loss  of  13  000  volt  power  on  sub-station 
bus-bars,  the  sub-station  operator  will  inmiediately  open  all  the  high 
tension  oil  switches,  leaving  the  line  switches  as  they  are.  The  operator 
will  next  call  up  the  load  dispatcher,  tellirg  him  that  he  has  lost  the 
13  000  volt  power  and  that  all  machines,  cables  and  lines  are  clear  from 
the  high   tension   bus-bars. 

General  Instructions — In  cases  of  trouble  on  the  outside,  and  tele- 
phone messages  of  same  being  received  at  power  stations  or  sub-stations, 
definite  information  should  be  asked,  and  the  name  of  the  person  asking 
to  have  the  current  shut  off  should  be  ascertained,  also  his  position  in  the 
company.  A  sub-station  operator  or  power  station  operator,  on  receiving 
such  a  call  will  immediately  communicate  with  the  load  dispatcher  who 
will  assume  control  of  the  situation.  After  the  feeders  have  been  killed 
by  the  load  dispatcher,  operators  must  on  no  account  put  same  in  ser- 
vice again  without  permission  from  the  load  dispatcher. 

Loss  of  Telephone  Communication — Ordinarily,  telephone  communi- 
cation between  power  stations  and  substations,  and  the  load  dispatcher 
will  be  on  the  private  system.  In  case  of  failure  of  the  private  system 
use  the  nearest  outside  telephone  and  call  through  the  company's  private 
exchange. 

In  case  of  trouble  occurring  when  all  the  telephones  are  out  of  order 
the  following  rules  will  govern:  If  13  000  volt  switches  open  at  the 
power  station,  two  minutes  will  be  allowed  sub-station  operators  to  clear 
their  busses  when  power  will  be  thrown  on  again,  or  as  soon  thereafter 
as  power  station  is  ready.  If  the  switch  or  switches  open  the  second 
time  they  shall  on  no  account  be  closed  until  communication  is  re-estab- 
lished, by  telephone  or  otherwise,  with  the  sub-station  affected. 

RULES  TO  INSURE  SAFETY  OF  EMPLOYES  AND  OTHERS. 

General  Instructions — Visitors  will  not  be  allowed  in  power  stations 
or  sub-stations  without  properly  signed  permits,  delivered  to  operator 
or  ergineer  in  clKirge.  Visitors  will  not  be  allowed  on  switchboard  gal- 
leries or  in  bus-bar  chambers  of  power  stations,  nor  in  basements  of  sub- 
stations unless  specifically  so  staled  on  their  permit.  If  a  visitor's  pass 
allows  him  to  visit  vicinity  of  high  tension  work  he  must  be  accompanied 
by  a  responsible  employe  of  the  station  or  sub-station. 

No  employe  shall  touch,  either  with  or  without  rubber  gloves,  any 
switch,  current  or  potential  transformer,  cable,  bus-bar  or  conductor,  or 
any  other  apparatus  which  ordinarily  carries  current  at  a  potential  greater 
than  700  volts,  until  he  has  ascertained  positively,  and  is  satisfied  that 
such  conductor  or  apparatus  has  been  disconnected  from  such  potential 
and  properly  tagged. 

The  load  dispatcher  will  keep  strict  account  of  the  name  of  the 
foreman  who  has  charge  of  the  work  on  these  lines,  and  the  lines  cannot 
again  be  put  in  service  until  released  by  that  foreman  to  the  load 
dispatcher. 

A  tag  must  be  put  at  each  end  of  the  line  and  another  on  the  oil 
switch  control  at  each  end  of  the  line,  and  another  on  the  load  dis- 
patcher's operating  board.  At  the  same  time  the  load  dispatcher  notifies 
the  power  station  and  sub-station  to  tag  the  line,  he  will  also  notify  them 
to  open  the  knife  switches  in  series  with  the  oil  switches  and  at  the 
same  time  to  short-circuit  and  ground  both  ends  of  the  line. 

When  a  load  dispatcher  receives  information  from  the  stations  or 
sub-stations,  that  the  lines  have  been  properly  sh.irt-eircuited  and  ground- 
ed, and  that  the  necessary  tags  and  "not  clear"  cards  have  been  placed, 
he  will  release  the  line  to  the  foreman  and  at  the  same  time  advise  him 
where  the  tass.  short-circuits  and  grounds  have  been  placed. 

if  an  overhead  line  is  to  be  cut,  the  foreman  in  charge  of  the  work 
must  see  that  short-circuits  and  grounds  are  placed  on  each  side  of  cut. 
and  that  the  men  work  between  such  short-circuits  and  grounds.     This  is 


in  addition  to  the  grounds  and  short  circuits  pUced  on  each  end  o( 
the  line. 

Before  starting  work  on  any  high  or  low  tension  cables,  or  bu8-bar« 
which  are  supposed  to  he  dead,  the  foreman  in  charge  of  the  work  must 
make  tests  to  ascertain  if  they  are  dead.  Tebt  lamps  may  be  uned  for 
low  tension  work  and  electroscopes  or  other  suitable  devictrs  for  high 
tension  work.  Foremen  must  confer  with  head  of  department  for  whom 
they  work  in  regard  to  approved  methods  of  testing  for  jxjtentiaL 

In  replacing  potential  transformer  fuses,  rubber  gloves  mu^t  be  used 
and  in  addition  the  fuse  must  be  held  in  wooden  tongs  provided  (or  that 
purpose. 

Work  on  High  Tension  Lines  and  Cables — When  work  is  to  be  done 
upon  any  high  tension  lines,  permission  must  be  obtained  from  the  load 
dispatcher  for  killing  same.  After  the  load  dispatcher  has  granted  per- 
mission for  work  on  these  lines,  before  the  work  is  started  he  will  ar- 
range with  the  stations  and  substations  affected  for  killing  same,  and  will 
instruct  the  operators  in  the  stations  or  sub-stations  to  short-circuit, 
ground  and  tag  the  feeders  upon  which  the  work  is  to  be  done.  A  stand* 
ard  tag  is  provided  for  this  purpose. 

Upon  completion  of  the  work  the  foreman  will  inform  the  load  dis- 
patcher either  in  person  or  by  telephone,  stating  that  the  work  has  been 
done  and  that  his  men  are  clear  of  the  line.  The  load  dispatcher  will 
then  order  off  the  tags  and  short  circuits  and  grounds. 

If  the  work  has  been  such  that  there  is  a  possibility  of  the  connec- 
tions being  changed,  a  phase  test  must  be  made  before  the  line  is  again 
put  in  service,  together  with  the  usual  insulation  te^ts. 

In  case  of  two  or  more  gangs  of  men  working  on  the  same  lines  at 
the  same  time,  the  load  dispatcher  will  observe  the  same  rules  toward 
them  all,   taking  strict  account   of  each  foreman  separately. 

In  case  of  work  to  be  done  on  the  high  tension  bus  or  apparatus  in 
either  stations  or  sub-stations,  the  load  dispatcher  must  be  previously  in- 
formed of  such,  and  he  will  take  the  same  precautions  as  regards  tagging 
and  grounding  as  in  outside  work  on  the  lines.  The  name  of  the  foreman 
who  has  charge  of  the  inside  work  will  be  kept  and  the  switches  and  tags, 
rtc,  will  not  be  touched  until  the  load  dispatcher  receives  word  from  this 
foreman  that  he  has  completed  his  work,  and  the  bus  or  apparatus  is 
ready  for  ser\'ice.  The  load  dispatcher  will  then  take  steps  to  have  the 
station  or  sub-station  operators  put  the  apparatus  again  in  service.  Oper- 
ators must  not  put  any  such  apparatus  in  service  without  orders  from 
the   load    dispatcher. 

In  case  of  two  or  more  gangs  of  men  working  on  the  inside  at  the 
same  time,  the  load  dispatcher  will  obser\e  the  same  rules  toward  them 
all   as   on   the   outside  lines. 

Safety  Devices — A  complete  set  of  "First  Aid  to  the  Injured"  medi- 
cine chests  must  be  kept  in  each  station  and  sub-station,  and  superintend- 
ents must  see  that  their  operators  and  foremen  are  drilled  in  the  use  of 
same,  particularly  in  aid  to  those  injured  by  electricity. 

Addresses  of  Employes — Each  employe  who  is  likely  to  be  called  on 
for  emergency  work,  must  keep  his  foreman  or  superintendent  posted  as 
to  his  residence  and  the  number  of  the  nearest  telephone.  Foremen  and 
superintendents  will  see  that  they  have  complete  lists, of  the  names  and 
addresses  of  men  on  whom  it  may  be  necessary  to  call  for  emergency  work. 

Analyzing  these  rules  it  is  seen  that  a  load  dispatcher's 
duties  consist  of  three  main  things: — 

1 — Protect  workmen  by  rendering  it  safe  to  work  on  apparatus  and 

transmission  lines, 
2 — Maintain  continuity  of  ser^nce, 
3 — Maintain  economical  service. 

SAFETY   TO   WORKMEN 

As  the  rules  merely  outline  the  methods  pursued,  it  is  in 
order  to  outline  more  clearly  the  manner  in  which  the  load 
dispatchers  take  care  of  the  cables,  lines  and  station  apparatus, 
and  the  precautions  used  to  prevent  accidents  to  men  work- 
ing on  the  same. 

When  work  is  to  be  done  on  any  apparatus  or  lines,  per- 
mission must  be  obtained  from  the  load  dispatcher;  this  may 
be  done  either  by  telephone  or  in  writing,  but  in  all  cases. 
except  emergency,  there  must  be  a  minimum  of  twelve  hours 
notice.  All  such  business  was  formerly  conducted  in  writing, 
but  this  rule  has  been  modified  because  it  worked  a  hardship 
on  the  outlying  districts.  The  telephone  or  written  request 
must  contain  the  name  of  the  foreman  who  will  be  in  charge. 
the  nature  of  the  work  in  complete  detail,  and  the  length  of 
time  that  the  foreman  in  charge  estimates  the  job  will  take. 
From  these  conditions  the  load  dispatcher  lays  out  tlie  work 
and  can  judge  wliether  or  not  the  operating  conditions  will 
permit  the  rendering  of  the  apparatus  or  lines  unavailable. 
There  may  be  in  the  course  of  the  day  several  requests  for 
jobs  and  it  is  part  of  the  load  dispatcher's  duties  to  prevent 
these  jobs  from  conflicting  and  not  to  allow  enough  apparatus 
to  go  out  of  commission  to  jeopardize  the  service.  In  all  mat- 
ters of  this  kind,  the  chief  load  dispatcher's  decision  is  final, 
and  the  workmen  have  no  other  recourse  than  to  take  the 
decision  as  given,  because  of  the  fact  that  the  load  dispatcli- 
er's  office  is  controlled  directly  by  the  general  superintendent, 
and  in  all  matters  of  importance  the  men  know  that  he  has 
been  consulted. 

After  the  necessary  formalities  have  been  complied  with 
and  before  the  foreman  is  ready  to  start  work  as  decided  on 
the  load  dispatcher  has  several  ver>'  important  duties  and 
rules  to  comply  with.    If  the  work  is  on  a  transmission  cable 
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line,  the  switchboard  operators  concerned  are  instructed  to 
open  all  oil  switches  and  knife  switches  which  can  in  any 
way  render  the  lines  alive,  and  to  fill  out  and  place  on  the 
control  of  the  oil  switch  a  standard  "Red  tag,"  made  for 
this  purpose  and  used  for  nothing  else.  These  tags  are  filled 
out  by  the  various  switchboard  operators  at  the  load  dis- 
patcher's direction  and  carry  a  full  detailed  record  of  the 
transaction,  one  of  the  tags  being  placed  at  each  end  of  the 
line  concerned  and  another  on  the  load  dispatcher's  operating 
board.  After  these  tags  are  placed  in  position  the  operators 
are  instructed  to  test  the  lines  for  potential,  and  if  all  tests 
show  the  lines  to  be  dead,  a  ground  and  short  circuit  is  then 
ordered  on  the  cable  or  line  terminal.  The  test  for  potential 
consists  of  inserting  a  high  potential  fuse  between  each  con- 
ductor and  ground,  using  a  suitable  insulated  wooden  rod  to 
protect  the  man  so  doing,  the  fuses  being  first  tested  to  find 
out  if  they  are  intact.  After  the  operators  have  ascertained 
that  the  feeders  are  dead,  the  grounds  are  put  up,  using  a 
wooden  insulated  rod  specially  designed  for  this  purpose. 
All  grounds  and  short  circuits  must  be  of  ample  size  to  carry 
the  predetermined  short-circuiting  current  of  the  stations 
concerned,  and  must  be  placed  in  such  a  manner  that  they 
cannot  come  off  unless  actually  taken  off.  A  standard  ground- 
ing device  is  used 
in  the  majority  of 
cases. 

When  this  is 
done,  the  opera- 
tors report  to  the 
load  dispatcher, 
and  when  all  the 
reports  are  in 
from  the  various 
operators,  the  load 
dispatcher  in  turn 
reports  to  the 
foreman  in  charge 
of  the  work  to  be 
done,  advising  him 
of  the  cable  and 
lines  involved  and 
where  the  tags, 
grounds  and  short- 
circuits  are  placed. 
In  all  telephone 
work  of  this  kind,  the  orders  from  one  man  to  another  ire 
repeated  word  for  word  to  avoid  error;  nothing  is  taken  for 
granted. 

Before  starting  work,  the  foreman  is  instructed  to  make 
tests  for  potential  on  the  lines  or  cables,  and  if  he  is  to  cut 
an  aerial  line  he  must  ground  and  short-circut  the  lines  on 
both  sides  of  the  cut  and  work  in  between  the  grounds.  This 
is  to  prevent  accidents  due  to  the  lines  concerned  becoming 
crossed  with  another  live  line  in  a  remote  territory. 

On  turning  a  line  back  into  service,  the  reverse  of  the 
above  takes  place.  A  complete  record  of  all  these  transac- 
tions is  kept  by  the  switchboard  operators  and  the  load  dis- 
patcher and  the  red  tags  are  mailed  to  the  load  dispatchers 
office  for  reference. 

The  load  dispatchers  duties  regarding  safety  also  include 
the  sending  of  ambulances  and  doctors  to  injured  workmen 
and  the  public  at  large,  and  control  over  an  automobile  pul- 
motor  service. 

CONTINUITY  OF  SERVICE 
The  system  of  the  Public  Service  Electric  Company  has 
in  common  with  all  others  a  routine  method  of  operating 
from  day  to  day.  In  event  of  any  accident  to  the  routine, 
the  load  dispatcher  assumes  complete  control  of  the  situation 
and  all  operators  and  station  men  are  subject  to  his  direc-  ■ 


tions.  In  a  system  covering  so  much  territory,  it  is  practically 
impossible  to  arrange  any  scheme  of  automatic  signaling  de- 
vices to  notify  the  load  dispatcher  of  impending  trouble. 
Consequently  he  is  dependent  on  the  switchboard  operators 
for  his  information.  In  the  event  of  a  short  circuit,  the 
operators  are  trained  to  communicate  with  the  load  dis- 
patcher immediately,  and  tell  him  in  a  clear,  quick  and  con- 
cise manner  the  extent  of  the  trouble  and  any  other  informa- 
tion which  can  be  given  at  the  time.  From  this  information 
the  load  dispatcher  forms  his  opinions  and  proceeds  to  out- 
line a  method  to  clear  up  the  trouble  and  restore  service. 
This  is  not  as  easy  a  matter  as  it  sounds,  for  in  such  a  com- 
plex system  it  is  almost  impossible  to  get  a  selective  setting  on 
the  circuit  opening  relays,  and  in  consequence  there  are  a 
great  many  switches  which  may  open  on  one  short  circuit; 
hence  it  is  a  very  difficult  matter  to  find  out  which  particular 
line  is  in  trouble.  Training  and  experience  play  an  import- 
ant part  at  this  time  and  make  the  difference  between  a  long 
interruption  to  the  service  and  a  short  one.  The  lines  and 
cables  are  reconnected  as  fast  as  possible,  the  sub-station 
men  starting  up  their  apparatus  as  soon  as  current  is  restored 
to  their  stations.  In  a  number  of  cases  there  are  indicators 
placed  on  the  sub-station  end  of  the  cable  which  notify  the 

attendant  of  their 
Q  condition    and    re- 

^  duce    the    amount 

of  telephoning  to  a 
minimum. 

It  is  our  practice 
to  have  the  office 
of  the  load  dis- 
patcher s  i  t  u  a  t  ed 
away  from  the 
power  plants  be- 
cause it  is  our 
opinion,  that  to 
place  him  in  a  po- 
sition where  noise 
and  distraction  due 
to  electrical  dis- 
turbances will  af- 
fect his  judgment, 
is  poor  policy. 

The  number  of 
cases  of  trouble 
which  the  load  dispatcher  has  to  handle  are  of  course  de- 
pendent on  the  size  and  capacity  of  his  system.  It  is  part  of 
the  load  dispatcher's  duties  to  trace  these  troubles  and.  if 
possible,  make  recommendations  for  their  prevention.  The 
troubles  since  IQIO  are  given  in  Table  I.  These  three  classifi- 
cations for  1013  have  been  subdivided  under  the  ten  heads 
as  given  in  Table  II. 

TABLE   I — NIJMBER   OF   SHUT-DOWNS. 

Tear 
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TABLE   n — CLASSIFICATION  OF  TROUBLES   DURING   1913. 
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Among  apparatus  installed  to  aid  the  operation  of  the 
system  and  to  anticipate  electrical  troubles  is  an  insulation 
resistance  measuring  set  which  gives  on  a  chart  a  twenty- 
four  hour  record  of  the  resistance  to  ground  of  the  system. 
From  these  charts  it  is  possible  for  the  load  dispatcher  to 
anticipate  breakdowns  of  the  system  and  get  bad  transmission 
lines  out  of  service  before  they  actually  break  down. 

There  is  also  an  arcing  ground  suppressor  which  is  used 
to  extinguish  a  single-phase  arc  to  ground  on  an  underground 
cable,  and  a  localizer  which  indicates  the  cable  at  fault.  The 
records  show  that  90  percent  of  the  cable  failures  originate 
in  a  single-phase  arc  to  ground,  which  later  develops  into  a 
short  circuit.  The  arcing  ground  suppressor  consists  of  three 
single-pole  oil  switches,  electrically  interlocked  to  prevent 
inore  than  one  operating  at  the  same  time,  connected  to  ground 
on  one  side  and  to  a  bus-bar  on  the  other.  Connected  to  the 
suppressor  is  a  differential  three-pole  relay  which  remains  in- 
active w-hcn  the  three-phase  system  is  balanced,  but 
when  it  is  unbalanced  due  to  a  ground,  the  relay  operates 
and  allows  the  corresponding  phase  of  the  suppressor  to 
ground  the  same  phase  of  the  bus-bar,  thus  shunting  the 
current  and  extinguishing  the  arc. 

The  localizer  comprises  a  series  of  pilot  lamps  connected 
to  relays  which  are  in  turn  connected  to  the  series  trans- 
formers on  the  feeder  circuit.  A  ground  causes  current  to 
How  through  the  current  transformer  and  localizer  relay,  and 
in  consequence  the  pilot  lamp  is  lighted  and  the  faulty  cir- 
cuit indicated.  This  seems  rather  a  complicated  operation,  but 
is  very  simple  and  operates  in  about  a  quarter  of  a  second. 

After  the  suppressor  and  localizer  have  operated,  a  good 
cable  is  paralleled  with  the  bad  one,  the  faulty  cable  taken 
out.  then  the  suppressor  and  localizer  disconnected,  all  this 
without  any  interruption  to  the  service.  This  apparatus  has 
taken  several  years  to  develop  and  there  are  some  minor 
changes  yet  to  be  made,  but  out  of  a  record  of  over  two  hun- 
dred operations  it  has  taken  care  of  95  percent  perfectly.  A 
fifteen-minute   delay   to   the   entire   system   was   caused  by   a 


cable  end  bell  short-circuiting  on  an  armature  lead  on  a  gen- 
erator at  Marion  before  the  suppressor  was  installed.  The 
same  thing  happened  a  few  weeks  ago  and  the  suppressor 
took  care  of  it  perfectly,  so  that  no  one  outside  of  Marion 
was  the  wiser.  Instances  are  on  record  where  chains  have 
been  accidently  dropped  on  station  bus-bars  and  no  interrup- 
tion occurred.  Some  years  ago  this  would  have  played  havoc 
with  the  bus-bars  and  the  service. 

ECONOMICAL  SERVICE 
Naturally,  in  a  system  whose  growth  extends  over  a 
period  of  years,  there  is  a  large  variation  in  the  kind  of  ap- 
paratus installed.  It  is  the  load  dispatcher's  duty  to  see  that 
the  apparatus  is  operated  according  to  the  rate  of  steam  con- 
sumption of  the  separate  stations  and  that  the  current  is 
manufactured  with  the  most  up-to-date  apparatus.  In  plain 
view  of  his  desk  is  a  frame  containing  load  curves  and  sta- 
tion water  rates  over  a  period  of  five  years ;  load  curves  are 
drawn  up  daily  from  each  station  and  sub-station,  and  from 
these  the  dispatcher  handles  his  loads.  The  station  which  is 
the  most  economical  is  driven  at  its  best  point  and  the  others 
are  operated  on  orders  from  the  dispatcher  to  maintain  this 
point. 

SUMMARY. 

.A  dispatcher's  duties  are  very  confining  and  trying  to  the 
nerves,  and  the  men  for  this  position  must  be  physically 
fitted  for  it.  Frequent  days  oflf  for  rest  and  recreation  must 
be  provided  :  at  the  same  time  they  must  be  allowed  to  make 
frequent  visits  to  the  various  stations  and  sub-stations  of 
both  their  own  and  other  companies,  and  to  cover  the  trans- 
mission system  so  as  to  get  the  geographical  layout  of  the 
cables  and  lines  and  to  have  the  system  at  their  fingers'  ends 
at  all  times. 

A  good  load  dispatcher  has  to  combine  in  a  general  way 
the  knowledge  of  practically  every  department  so  as  to  be 
able  to  discuss  all  subjects  intelligently,  and  above  all,  he 
must  be  a  man  of  diplomacy  and  cool  judgment.  It  is  need- 
less to  say  that  such  men  are  rare. 


THE  SYSTEM  OPERATING  DEPARTMENT  OF    THE   DUQUESNE  LIGHT   COMPANY 

E.  C.  Stone, 
System  Operator 


WHEN  the  service  of  a  central  station  company's  cus- 
tomer is  interrupted,  even  if  for  only  a  few  minutes, 
the  customer  is  very  likely  to  feel  that  the  interrup- 
tion is  unnecessary  or  unduly  long,  and  that  the  central  sta- 
tion company  is  not  giving  the  attention  to  its  service  that  it 
should.  That  this  is  not  the  case,  but  that  on  the  contrary 
the  central  stations  fully  realize  the  seriousness  of  an  outage 
and  are  doing  everything  possible  to  reduce  interruptions  to 
a  minimum,  could  not  be  better  proven  than  by  the  develop- 
ment of  load  dispatching  and  system  operating  departments 
in  the  larger  companies  during  recent  years.  The  sole  duty 
of  these  departments  is  to  see  that  satisfactory  service  is  de- 
livered, that  all  avoidable  outages  are  eliminated,  and  that 
unavoidable  interruptions,  such  as  those  due  to  lightning, 
wind  and  snow  are  reduced  to  a  minimum.  In  the  Duquesne 
Light  Company  of  Pittsburgh,  Pa.,  for  example,  it  is  the 
business  of  the  system  operator,  broadly  speaking,  to  see  that 
sufficient  power  is  available  on  all  parts  of  the  system,  at  all 
times,  to  supply  adequately  the  requirements  of  the  com- 
pany's 42000  customers,  who  are  spread  over  an  area  of  more 
than  250  square  miles.  That  this  centralized  control  is  ad- 
vantageous is  very  vividly  demonstrated  by  the  fact  that, 
since  the  office  of  system  operator  has  been  established,  the 
average  length  of  interruption  to  service  on  the  main  high 
tension  system  has  been  reduced  approximately  75  percent. 
The  system  of  the  Duquesne  Light  Company,  exclusive 
of  direct-current  stations  for  the  supply  of  power  for  street 


railways,  consists  of  four  main  power  plants  ranging  in 
capacity  from  3800  to  45000  kw,  and  175  miles  of  11  000  volt 
high-tension  transmission  lines,  to  which  are  connected  ap- 
proximately 50  sub-stations.  The  entire  system  is  operated 
in  parallel. 

The  general  plan  of  operation  of  the  high-tension  system 
is  worked  out  with  a  view  of  obtaining  the  greatest  economy 
of  operation  under  normal  conditions,  togetlier  with  the  least 
disturbance  and  most  rapid  re-establishment  of  service  in 
times  of  trouble.  Each  of  the  smaller  plants  is  connected 
with  the  main  plant  by  one  or  two  direct  tie  lines,  but  none 
of  the  smaller  plants  are  tied  in  with  each  other  except 
througli  the  )ius-bars  of  the  main  plant.  These  tie  lines  pass 
through  several  sub-stations,  at  each  of  which  is  an  auto- 
matic circuit  breaker,  with  a  definite  time  limit  relay,  for 
sectionalizing  each  tie  line.  Two  plants  operated  in  parallel 
will  ordinarily  break  apart  if  a  severe  disturbance  comes  in 
on  the  bus  of  either,  just  as  a  synchronous  motor  will  drop 
out  of  step  with  a  sudden  drop  in  voltage.  It  is  very  essen- 
tial that  the  plants  in  parallel  should  break  apart  in  such  a 
way  that  each  will  hold  on  to  appro.ximately  the  load  it  was 
previously  carrying,  for  if  one  of  them,  especially  the  smaller 
one,  gets  a  big  increase  in  load,  its  frequency  will  go  down, 
and  make  synchronizing  impossible,  so  that  the  only  relief 
for  the  situation  is  an  interruption  to  that  part  of  the  service 
creating  the  excessive  load,  while  transferring  it  to  the  other 
plant.     To    avoid    these    unnecessary    interruptions,    definite 


6o6 


THE  ELECTRIC  JOURNAL 


time  limit  relays  are  made  use  of.  By  the  proper  adjustment 
of  these  relays,  the  separation  of  the  two  plants  is  forced  at 
such  a  point  as  will  leave  each  with  approximately  its  own 
load.  Since  the  main  plant  is  much  larger  than  any  of  the 
others,  it  is  our  general  practice  to  arrange  for  each  of  the 
smaller  plants  to  drop  some  load  to  the  large  plant  in  case  of 
separation,  and  care  is  always  taken  to  see  that  the  main 
plant  has  sufficient  spare  capacity  to  take  up  the  load  that 
may  be  dropped  by  the  smaller  stations.  For  instance,  nor- 
mally the  circuit  breakers  on  the  lines  between  plants  /  and  4 
are  set  as  shown  in  Fig.  I.  In  case  of  trouble  on  the  bus  of 
either  of  these  plants,  the  instantaneous  circuit  breakers  at 
sub-station  C  will  open,  leaving  the  load  of  that  station  on 
plant  4,  which  under  normal  conditions  would  make  the  total 
load  on  that  plant  slightly  less  than  was  carried  before  the 
separation.  If,  however,  it  becomes  necessary  to  take  down 
some  of  the  generators  in  plant  4  for  repairs,  so  that  its 
capacity  is  reduced,  then  one  or  both  of  the  non-automatic 
switches  in  sub-station  C  would  be  changd  to  automatic  in- 
stantaneous overload  trip  and  the  corresponding  instantane- 
ous circuit  breakers  would  be  made  non-automatic,  so  that 
either  half  or  the  whole  load  of  sub-station  C  would  be  left 
on  plant  /  when  a  separation  occurred,  thus  keeping  down  the 
load  on  plant  4  to  what  it  could  carry  independently  of  plant 
/.    It  should  be  noted  here  that  it  is  the  practice  to  make  all 


Plant  Nq  I 
Main  Genoradng   Plant 


FIG.    I— GENERAL    SCHEME    OF    P.\RALLEL    OPERATION    WITH    TIME- 
LIMIT  RELAYS 

The  generators  are  represented  by  circles.  The  time  set- 
ting, in  seconds,  is  indicated  by  the  figures  set  inside  the 
squares,  which  represent  the  circuit  breakers.  A'  indicates  a 
non-automatic  switch.  O  indicates  that  the  time  relay  is  cue 
out,  so  that  the  circuit  breaker  opens  instantaneously  on  short 
circuit. 

switches  on  the  incoming  feeders  to  sub-stations  non-auto- 
matic. This  is  to  avoid  an  unnecessarily  long  time  element 
on  the  circuit  breaker  at  the  power  plant  on  lines  where  sev- 
eral sub-stations  are  in  series. 

In  general  all  Hnes  are  operated  independently  of  each 
other,  being  connected  only  through  the  power-house  busses. 
This  is  in  order  that  a  short-circuit  or  other  disturbance  will 
not  interrupt  any  service  except  that  fed  from  the  line  on 
which  the  trouble  occurs.  Each  sub-station,  except  a  few 
small  stations  in  outlying  districts  where  the  service  would 
not  warrant  the  increased  expense,  is  provided  with  two  in- 
dependent feeders.  The  station  load  is  carried  on  one  of 
them,  while  the  other  is  kept  "hot"  at  all  times,  so  that  if  the 
feeder  in  use  is  disconnected,  the  service  can  immediately  be 
re-established  on  the  second  line. 

Printed  bulletins  covering  instructions  for  regular  opera- 
tion, as  well  as  for  the  re-establishment  of  service  in  times 
of  trouble,  are  gotten  out  for  each  power  plant  and  sub- 
station. In  this  way,  each  operator  is  able  to  keep  his  service 
going  as  long  as  he  has  a  hot  line — which  is  practically  con- 
tinuously— without  waiting  for  instructions  from  the  system 
operator,  while  at  the  same  time  the  system  operator  knows 
what  each  station  is  doing.  These  instructions  cover  a  rule 
whereby  every  station  must  be  clear  of  a  line  in  one  minute 


after  it  goes  oflf,  so  that  any  line  available  can  be  safely  con- 
nected to  a  station,  after  being  out  a  minute,  without  delaying 
to  call  that  station  first.  Furthermore,  the  power  plants  have 
definite  instructions  for  putting  on  lines  after  an  interruption, 
so  as  to  secure  re-establishment  of  service  in  the  quickest 
possible  time.  Ordinarily,  therefore,  service  at  the  various 
stations  can  be  re-established  independently  of  the  telephone, 
a  very  important  point,  since  considerable  delay  must  neces- 
sarily be  involved  in  getting  a  connection  and  carrying  on 
conversation,  while  in  severe  storms  the  telephone  service  is 
likely  to  be  very  unsatisfactory.  It  therefore  remains  for  the 
system  operator  in  times  of  trouble,  only  to  take  care  of 
special  situations,  get  the  plants  synchronized,  readjust  the 
loads  so  that  no  lines  will  be  overloaded,  supervise  testing  of 
defective  lines  and  apparatus  and  location  of  trouble,  and  see 
that  work  on  repairs  is  promptly  started.  To  make  the 
printed  instructions  effective,  the  station  operators  are  re- 
quired at  stated  intervals  to  go  through  the  steps  necessary 
to  re-establish  service  after  an  interruption.  This  not  only 
keeps  the  operators  in  training  but  keeps  all  switches,  etc.,  in 
good  working  order  or  discloses  any  defects  in  time  to  pre- 
vent their  causing  serious  trouble.  These  switching  practices 
are  always  carried  out  at  periods  of  light  load,  when  an  in- 
terruption, if  produced,  would  cause  little  inconvenience. 

Another  important  function  of  the  system  operator  is  the 
supervision  of  taking  off  lines  or  apparatus  for  repairs,  or 
putting  new  apparatus  in  service.  It  is  customary  for  a  line 
foreman  who  wants  to  work  on  a  high-tension  line  to  get  in 
touch  with  the  system  operator  the  day  previous  and  advise 
him  what  lines  are  wanted  and  for  how  long.  The  system 
operator  will  then  determine  whether  the  foreman's  requests 
conflict  with  other  plans.  If  there  are  no  conflicts,  and  the 
line  can  be  disconnected  without  inconvenience  to  the  service, 
the  foreman  is  notified  that  he  can  have  the  line  as  requested. 
Otherwise  arrangements  will  be  made  for  a  different  time. 
No  lines  are  permitted  off  in  storms  or  at  periods  of  peak 
loads. 

When  new  apparatus  is  put  in  service  notwithstanding 
the  fact  that  it  is  always  tested  at  over-potential  it  is  never- 
theless first  connected  to  the  station  bus  at  a  time  when  an 
interruption  if  caused  would  be  least  serious — for  experience 
has  shown  that  under  new  conditions  not  all  possibilities  can 
be  foreseen,  and  some  interruptions  are  liable  to  be  caused 
when  new  apparatus  is  first  installed. 

The  equipment  used  by  the  system  operator  in  doing  his 
work  is  extremely  simple,  but  so  far  has  proved  very  efficient. 
Private  lines  directly  from  the  power  switchboards  of  all  im- 
portant stations  come  into  the  system  operator's  desk  through 
a  special  telephone  switchboard,  which  was  designed  by  Mr. 
M.  W.  Cooke,  especially  for  this  service.  This  board  is  ar- 
ranged to  be  operated  from  both  sides  of  the  desk,  and  is 
equipped  with  supervising  lights  so  that  two  men  can  work 
at  once,  on  either  side  of  the  desk,  and  each  will  know  at  all 
times  what  the  other  is  doing.  There  are  four  jacks  on  each 
side  so  that  eight  parties  can  be  communicated  with  simul- 
taneously if  desired.  Arrangement  is  also  made  so  that  any 
two  incoming  lines  can  be  connected  together  for  conversa- 
tion between  outside  parties  without  tying  up  either  of  the 
system  operator's  telephones.  The  private  lines  give  the 
system  operator  instant  communication  with  the  operators  at 
the  stations. 

.\i  the  side  of  the  desk  are  located  a  frequency  meter 
and  recording  voltmeter.  Since  the  whole  system  is  in 
parallel,  these  instruments  indicate  at  all  times  the  condition 
of  the  system,  and  either  steam  or  electrical  trouble  is  de- 
tected instantly  by  their  indications.  On  the  wall  near  the 
desk  is  a  large  bulletin  board  on  which  are  placed  permanent 
and  temporary  orders  regarding  the  operation  of  the  system. 
When  a  man  comes  to  work,  it  is  his  first  duty  to  read  and 
initial  all  new  notices  on  the  bulletin  board.     There  are  also 
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posted  here  the  regulations  regarding  taking  high-tension 
lines  off  for  repairs,  a  list  of  physicians  employed  by  the 
company,  a  list  of  parties  to  be  called  under  various  condi- 
tions of  trouble,  and  a  telephone  directory  of  all  customers 
connected  directly  to  the  high-tension  lines. 

A  daily  log  is  kept  of  all  switching  and  other  events  that 
occur,  entries  being  made  immediately  on  their  occurrence,  so 
that  this  log  is  an  up-to-the-minute  record  of  the  condition  of 
the  system  at  all  times.  When  an  entry  for  a  line  off  or  other 
irregular  operating  condition  is  made,  a  column  in  the  right 
hand  margin  of  the  log  sheet  is  left  blank.  This  column  is 
not  filled  in  until  the  line  is  back  on  and  everything  covered 
by  that  entry  is  in  regular  operating  order,  so  that  a  glance 
up  this  column  on  the  margin  of  the  sheet  indicates  at  once 


what  points  are  in  need  of  special  attention.  At  the  bottom 
of  the  sheet  is  a  space  for  the  date  and  the  initials,  with  tim„- 
of  coming  on  and  off  of  each  man.  In  addition  to  this,  a 
load  report  is  kept.  This  gives  a  complete  record  of  the  kilo- 
watts, voltage,  power-factor,  condition  of  steam  and  capacity 
in  service  at  all  11  000  volt  power  stations  and  the  amount  of 
energy  passing  through  circuit  breakers  which  would  open  if 
parallel  plants  were  disconnected.  This  data  is  obtained  by  phone 
from  the  plants  every  hour  throughout  the  day,  and  every 
half  hour  during  the  peak  period.  The  keeping  of  this  re- 
port not  only  furnishes  very  important  information,  but  keeps 
the  system  operator  in  close  touch  with  the  operators  at  the 
plants  and  develops  that  personal  interest  which  is  such  an 
important  factor  in  securing  co-operation  between  the  differ- 
ent men. 


LOAD  DISPATCHING  SYSTEM  OF  THE   PITTSBURGH  RAILWAYS  COMPANY 

J.  W.  Welsh 
Electrical    Engineer  and   Traffic  Agent 


THE  load  dispatching  system  of  the  Pittsburgh  Railways 
Company  was  inaugurated  in  1907  bv  Mr.  P.  N.  Jones, 
general  manager.  At  that  time  the  system  was 
supplied  principally  from  eight  direct-current  power  stations. 
Sub-stations  were  just  beginning  to  be  installed  to  take  care 
of  the  increase  in  load.  The  various  stations  were  operated 
almost  independently,  parallel  operation  being  employed  only 
to  a  very  limited  extent,  and  the  load  dispatcher's  duties  being 
largely  of  a  diplomatic  nature  in  amalgamating  the  conflicting 
interests  of  the  chief  engineers  of  the  various  power  stations. 
With  the  extension  of  the  principle  of  parallel  operation  be- 
tween stations  opportunity  arose  for  a  difference  of  opinion 
between  station  engineers  as  to  the  proper  share  of  the  sys- 
tem load  to  be  carried  by  each.  This  was  particularly  true 
■when  unusual  loads  occurred,  as  each  engineer  felt  his  station 
was  made  to  carry  the  brunt  of  the  overload.  There  was, 
•equally,  an  opportunity  for  complaint  when  there  was  not 
enough  load  to  go  around.  As  soon  as  the  station  engineers 
realized  the  advantage  of  cooperation  through  the  load  dis- 
patcher these  difficulties  disappeared. 

The  network  comprising  the  direct-current  feeder  and 
trolley  system  of  the  Pittsburgh  Railways  Company  now  in- 
cludes about  I  300  miles  of  wire,  to  which  power  is  supplied 
from  seven  direct-current  generating  stations  and  sixteen 
sub-stations,  containing  a  total  of  75  generating  and  convert- 
ing units.  The  equipment  of  the  city  sub-stations  consists  of 
motor-generator  sets,  which  permit  the  adjustment  of  load 
between  stations  by  variation  of  voltage,  as  all  stations  are 
■connected  in  parallel  by  tie  lines  or  feeders. 

The  various  sections  of  trolley  on  the  system  are  fed 
-from  direct-current  generating  plants  or  sub-stations  by 
numerous  feeders,  each  one  of  which  is  independent  and 
sectionalized  by  automatic  circuit  breakers,  so  that  trouble  on 
a  section  may  be  located  and  isolated.  Each  feeder  section 
supplies  on  the  average  6.5  miles  of  track.  To  reduce  the 
■voltage  drop  and  increase  tlie  reliability  of  service  on  a  sec- 
tion, a  feeder  is,  where  possible,  connected  to  two  or  more 
stations;  this  feeder  then  acts  as  a  tie  line,  and  reduces  the 
fluctuation  of  load  at  each  station.  Where  it  is  possible  to 
reach  several  feeders  at  a  point  distant  from  a  station,  the 
sections  are  tied  together  at  an  equalizing  board,  which  con- 
sists of  a  bus  to  which  each  feeder  is  connected  by  an  auto- 
matic circuit  breaker.  In  addition,  some  feeders  are  con- 
Tiected  together  through  knife  switches,  mounted  on  poles, 
operated  by  emergency  men.  The  use  of  such  devices  for 
interconnecting  feeders  reduces  the  transmission  losses  by 
-working  all  of  the  copper  all  of  the  time,  taking  advantage 
of  the  diversity  factor  of  the  fluctuating  load  on  the  feeders. 
A  diagram  of  the  direct-current  feeder  system,  showing  sta- 
tions, equalizing  boards,  and  pole  switches,  has  been  painted 
■on  the  wall  of  the  load  dispatcher's  office,  so  that  he  can  see 
at  a  glance  the  effect  of  operating  any  switch. 

The  chief  business  of  the  load  dispatcher  is  to  maintain  a 


sufficient  supply  of  power  on  the  trolley  wire  at  all  times  and 
under  all  circumstances;  to  restore  power  service  as  soon  as 
possible  after  interruptions;  and  under  normal  conditions,  to 
direct  the  operation  of  the  stations  to  obtain  the  maximum 
economy.  The  change  in  load  for  each  hour  of  the  day,  as 
shown  in  Fig.  I,  follows  the  variation  in  traffic  through  the 
morning  peak,  mid-day,  evening  rush-hour,  and  night  periods. 
The  cutting  in  and  out  of  machines  to  meet  this  curve  is  under 
the  direct  supervision  of  the  load  dispatcher.  The  uniformity  of 
this  curve,  however,  is  frequently  disturbed  by  unusual  con- 
ditions. The  weather,  for  example,  has  a  marked  influence 
on  the  load.  A  heavy  rain  cleans  the  track  and  reduces  the 
load;  a  light  rain  or  snow  mixing  with  the  dust  makes  a 
greasy  rail,  causing  slipping  of  the  wheels  and  an  increase  in 
the  load ;  the  worst  condition  is  a  heavy  dry  snow,  on  which 
the  wheels  are  constantly  climbing  and  slipping.  Besides 
this,  the  use  of  electric  heaters  makes  a  great  increase  in  the 
load  in  cold  weather.  It  will  be  seen  therefore  that  the 
weather  is  one  of  the  chief  concerns  of  the  load  dispatcher, 
as  he  must  be  able  to  anticipate  the  amount  of  the  peak. 

As  a  result  of  the  parallel  operation  of  stations  and  the 
use  of  motor  generator  sets,  the  load  dispatcher  is  able  to 
shift  the  load  between  stations  in  accordance  with  the  avail- 
able capacity  and  conditions  at  each  place,  both  by  varying 
station  voltages,  and  by  opening  or  closing  tie  line  feeder 
switches  at  stations,  equalizing  boards,  and  on  poles.  Some 
of  the  stations  are  equipped  with  double  direct-current  bus 
systems,  which  permit  carrying  different  voltages  on  different 
feeders,  under  direction  of  the  load  dispatcher;  thus  the  volt- 
age on  an  overloaded  section  may  be  raised  50  or  100  volts,  or 
one  station  may  give  another  a  great  deal  of  help  by  rais- 
ing the  voltage  over  a  tie  line,  while  not  changing  the  main  bus 
voltage.  .\11  motor-generator  sets  are  specified  for  operation 
over  a  range  of  500  to  600  volts  at  full  capacity,  and  higher 
or  lower  voltages  may  be  carried  in  emergencies.  With  a 
system  on  which  the  peaks  approximate  very  closely  the  sta- 
tion capacities,  the  distribution  of  the  load  in  accordance  with 
the  available  capacity  often  presents  some  interesting  prob- 
lems to  the  load  dispatcher,  particularly  when  the  loss  of  a 
machine  or  high-tension  line  cripples  a  station.  During  the 
morning  and  evening  peaks,  readings  of  the  load  at  the  prin- 
cipal power  and  sub-stations  are  taken  by  the  load  dispatcher 
on  a  sheet,  as  shown  in  Fig.  2,  and  orders  are  given  to  the 
operators  to  raise  or  lower  voltage,  to  keep  the  load  properly 
distributed,  and  to  relieve  overload  on  any  station.  Notes 
regarding  switching,  and  all  occurrences  affecting  power 
are  made  on  this  sheet  .as  well  as  a  record  of  the  tempera- 
ture and  condition  of  the  weather. 

On  the  wall  in  the  load  dispatcher's  office  is  also  a  dia- 
gram showing  the  11  000  volt,  60  cycle  high-tension  system 
supplying  the  city  sub-stations.  The  high-tension  bus  arrange- 
ment at  a  station  is  designed  to  allow  considerable  flexibility 
in  the  distribution  of  load  between  the  lines  and  cables,  to 
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permit  the  most  efficient  use  of  the  available  line  capacity  and 
to  provide  adequate  emergency  service  for  conditions  caused 
by  accidents  to  lines  and  repairs  to  the  same.  At  nearly  all 
stations  the  load  of  one  line  may  be  transferred  to  another. 
The  load  dispatcher  directs  the  necessary  switching  of  ii  ooo 
volt  lines  at  stub-stations,  in  conjuction  with  the  system 
operator  of  the  power  company. 

The  interurban  high-tension  system  of  the  company  in- 
cludes 72  miles  of  22000  volt  line  and  six  railway  sub-stations; 
there  are  also  several  coal  mine  power  customers  supplied 
from  these  high-tension  lines.  The  main  system  is  in  the 
form  of  a  Y.  The  trunk  feeder  may  be  supplied  from  either 
of  two  power  stations,  and  an  auxiliary  line  tapping  the  mid- 
dle of  one  leg  of  the  Y  connects  to  a  third  power  station.  All 
three  legs  of  the  Y  are  sub-divided  by  automatic  time-limit 
oil  circuit  breakers  at  the  various  stations;  the  junction  of 
the  Y  is  a  double-bus  switching  station  which  permits  numer- 
ous combinations  of  circuits  to  insure  continuity  of  service. 
The  relays  of  the  various  circuit  breakers  have  graduated 
time    settings    to    secure    selective   action,    all   having   inverse 
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time  elements  except  at  the  main  transformer  station,  where 
definite  time  element  relays  are  used.  The  number  of  sub- 
stations and  power  customers  on  the  line  makes  these  elabo- 
rate switching  arrangements  necessary  to  localize  disturbances 
and  prevent  trouble  on  a  section  interrupting  the  whole  sys- 
tem. All  switching  on  this  system  is  done  by  telephone 
orders  from  the  load  dispatcher. 

Before  any  sub-station  equipment,  or  high-tension  lines  can 
be  taken  out  of  service  for  repairs,  arrangements  must  first 
be  made  with  tlie  load  dispatcher  in  order  that  there  will  be 
assurance  that  capacity  will  be  available  to  supply  the  de- 
ficiency. The  clearing  of  a  high-tension  line  is  always 
handled  from  the  load  dispatcher's  office,  but  before  a  man  is 
allowed  to  work  on  it,  he  must  report  personally  to  the  sub- 
station operators  at  each  end  of  the  line ;  the  operators  will 
under  no  circumstances  put  the  power  on  again  until  the  same 
man  has  reported  himself  clear  of  the  line.  The  procedure  is 
made  a  matter  of  record  on  the  form  shown  in  Fig.  3.  This 
method  eliminates  the  possibility  of  accidents  due  to  the  mis- 
take of  a  third  party,  and  the  workman  is  responsible  for  his 
own  protection. 


Time  is  the  important  element  in  emergencies,  and  it 
takes  time  to  give  orders  by  telephone,  particularly  when 
trouble  affects  several  stations  at  once.  .To  obviate  delay  as 
much  as  possible,  emergency  instructions  are  posted  in  each 
station  to  direct  the  procedure  in  time  of  trouble,  as  far  as 
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FIG.    2 — REPORT    TO    LO.^D    DISPATCHER    OF    HIGH    TENSION    OUTAGE 

the  trouble  can  be  anticipated.  Operators  call  the  load  dis- 
patcher only  after  proceeding  as  far  as  possible  under  the 
given  rules  and  in  many  cases  this  has  enabled  the  service  to 
be  restored  at  once. 

The  load  dispatcher's  office  contains  a  telephone  switch- 
board communicating  with  the  principal  power  houses  and 
sub-stations,  and  through  the  private  branch  exchange  to  all 
other  company  'phones,  .'^n  intercommunicating  telephone 
system  also  connects  with  the  other  offices  of  the  company  in 
the  building.  An  indicating  voltmeter,  indicating  frequency 
meter,  and  graphic  volt  and  frequency  meters  indicate  and 
record  all  changes  and  disturbances  on  the  alternating-cur- 
ren  system  supplying  the  sub-stations.  The  alternating-cur- 
rent voltmeter  is  particularly  valuable  for  giving  instant  no- 
tice of  any  trouble  on  the  high-tension  lines.  A  barometer 
and  thermometer  are  used  for  weather  observations. 

Besides  the  work  in  connection  with  the  power  supply, 
the  office  is  used  by  all  departments  of  the  company  as  a  clear- 
ing house  for  general  information  and  the  delivery  of  tele- 
phone messages  from  superintendents  to  dispatcher  and  fore- 
men, particularly  at    night.     As    the    men    work    in    several 
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shifts,  there  is  a  load  dispatcher  on  duty  each  hour  of  the 
day  and  night.  This  service  is  greatly  appreciated  by  officials 
of  the  company  as  it  frequently  obviates  the  necessity  of 
calling  a  man  out  of  bed,  when  the  load  dispatcher  can  handle 
the  situation  without  advice. 
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The  article  in  this  issue,  entitled 
"  i-lxcitation  and  \  oltage  Control"  by 
Mr.  J.  A.  Johnson,  which  describes 
in  detail  the  system  of  excitation  em- 


ployed by  The  Ontario  Power  Corn- 
pan)',  is  one  of  the  most  comprehensive  and  well  writ- 
ten discussions  which  it  has  been  our  pleasure  to  re- 
\iew  for  a  long  time.  One  striking  thing  dwelt  upon 
is  the  inadequacy  of  the  original  central  supply 
system  of  excitation,  the  detail  of  the  reasons  for 
this  inadequacy  and  the  measures  taken  in  answer.  In 
our  opinion,  this  recognition  of  the  inadequacy  of  the 
central  supply  system  for  excitation  is  generic  rather 
than  specific  for  this  one  case.  The  tendency  away 
from  the  central  supply  system  is  general  and  many 
of  the  rea.sons  for  it  are  the  same  as  those  given  for 
The  Ontario  Pow-er  Company's  change.  It  is  one  of 
the  developments  due  to  the  extremely  rapid  growth 
of  central  station  supply  systems  in  recent  years. 

Although  the  method  of  driving  the  individual 
exciters  described  by  Mr.  Johnson  is,  without  ques- 
tion, the  best  solution  for  his  particular  case,  it  is 
doubtful  whether  it  is  the  liest  for  the  general  case. 
While  it  is  generally  agreed  that  an  individual  exciter 
for  each  large  generating  unit  is  the  logical  method  of 
exciting  the  modern  generating  station,  we  believe 
further  that  each  individual  exciter  should  be  direct 
connected  to  the  shaft  of  the  generator,  rather 
than  driven  by  the  somewhat  complicated  method 
described  by  Mr.  Johnson.  This  method,  of  course, 
has  some  advantages,  but  we  do  not  believe  that  its 
advantages  are  sufficient  to  outweigh  the  complica- 
tions which  the  exigencies  of  the  case  compelled  in 
their  plant.  While  it  is  true  that  the  direct-connected 
exciter  may  suffer  from  possible  speed  changes  of  the 
main  unit,  we  believe  that  the  modern  voltage  regu- 
lator is  more  than  able  to  take  care  of  the  fluctuations 
which  might  otherwise  occur. 

As  to  the  question  of  cost,  it  is  admitted  that  the 
cost  of  the  exciters  themselves  will  be  greater  when 
attached  direct  to  the  generators  than  when  massed 
into  a  central  system.  However,  when  we  consider 
the  prime  movers  necessary  for  the  central  system 
method  of  excitation,  the  long  exciter  leads  that  are 
necessary  (not  necessary  with  individual  exciters) 
the  more  complicated  switchboard,  etc..  the  balance 
with  respect  to  cost,  as  well  as  reliability  and  con- 
venience, often  rests  with  the  individual  drive.  The 
emphasis  upon  this  particular  feature  is  probably  the 
chief  lesson  which  we  can  draw  from  Mr.  Johnson's 
timely  discussion  of  his  case.         P.  M.  Llmcoln 


J  One  of  the  modern  tendencies  is 
*^  .  towards  an  increasing  number  of  iso- 
Sub-Station  j^^^^  sub-stations,  and  the  problem  of 
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evices  1^^^  ^^^^  ^^^  ^£  ^^^  greatest  impor- 
tance. Devices  which  are  positive  in  action  and  reli- 
able in  setting  are  necessary  in  order  to  eliminate  in- 
terruptions to  service,  to  reduce  the  operating  cost 
and  to  provide  for  the  safety  of  the  operators.  It  is  a 
gratifying  fact  that  the  three  modern  problems,  "Con- 
tinuity of  Service,"  "Decreased  Costs,"  and  "Safety 
First"  are  usually  solved  by  the  same  developments 
in  electrical  design. 

Mr.  B.  H.  Smith,  in  this  issue  of  the  Journal, 
shows  how  a  recent  engineering  development  makes 
possible  the  use  of  a  circuit-closing  relay  for  tripping 
circuit  breakers  directly  from  series-transformers. 
Most  isolated  sub-stations  do  not  have  direct  current. 
Many  cannot  have  low  voltage  alternating  current, 
except  at  considerable  expense.  Shunt  tripping  from 
alternating  current  or  from  direct  current  converted 
from  the  sub-station  alternating  current  (without  the 
use  of  storage  batteries)  is  unsatisfactory  owing  to 
the  fact  that,  under  many  short-circuit  conditions,  the 
voltage  of  the  alternating-current  line  drops  and  a 
shunt  tripping  device  which  is  dependent  on  the  same 
circuit  is  not  operative  w-hen  it  is  most  needed. 
Series  tripping  through  relays  has  been  possible  in 
the  past  only  by  the  use  of  solenoid  relays  with  leather 
bellows  time  element  device.  Such  relays  have  not 
been  entirely  satisfactory  as  a  leather  bellows  with 
needle  valve  adjustment  will  not  retain  its  accuracy 
in  time  setting. 

Relays  built  on  the  induction  principle  are  more 
satisfactory  for  overload  tripping,  as  pointed  out  by 
Mr.  F.  E.  Ricketts,  in  the  Journal  for  April,  1914- 
Heretofore  such  relays  have  been  expensive  and,  be- 
ing necessarily  of  the  circuit  closing  type,  have  not 
been  adapted  for  series  tripping.  An  induction  relay 
has  now  been  made  available  at  a  moderate  price  to 
replace  the  solenoid  and  bellows  type  relay.  It  is 
of  special  importance,  therefore,  that  the  application 
of  the  circuit-closing  induction-type  relay  to  series 
transformer  tripping  of  circuit  breakers  has  been 
found  possible. 

W'hen  it  is  considered  that  motor-generator  sets 
and  storage  batteries  have  in  the  past  been  installed 
at  considerable  expense  to  do  the  same  work  that  this 
device  will  do  at  a  negligible  first  cost  and  at  no  cost 
for  maintenance,  the  importance  of  this  invention  can 
readily  be  seen.  T.  A.  McDowell 
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The  article  on  the  neutralizing  trans- 
The  Neutral-  former  in  this  issue  of  the  Journal 
izing  prompts  me  to  give  some  further  ac- 

Transformer  count  of  its  early  development.  A 
number  of  years  ago  it  was  appre- 
hended that  interference  might  be  caused  in  telephone 
circuits  by  the  operation  of  single-phase  railways.  An 
arrangement  was  made  by  which  the  W'estinghouse 
Electric  &  Mfg.  Company  would  provide  facilities  for 
tests  to  be  made  by  the  American  Telephone  & 
Telegraph  Company,  and  the  engineering  departments 
of  the  two  Companies  would  cooperate  in  the  investi- 
gation. After  a  number  of  tests  it  was  determined 
that  there  would,  in  certain  cases,  be  considerable  in- 
terference unless  some  means  w-ere  taken  to  prevent 
it.  The  suggestions  which  were  made  did  not  seem 
feasible  or  applicable  to  all  cases. 

Everything  seemed  to  be  negative.    I  recalled  the 
statement  that  "when  you  have  an  alternating  current, 
you  have  something  that  you  can  do  something  with," 
and  set  about  to  do  something.    The  fundamental  fact 
of  electro-magnetic   induction    between    the    railway 
circuit  as  a  primary  and  the  telephone  circuit  as  a  sec- 
ondary was  very  simple.     Sketches  were  drawn  with 
series  transformers  between  trolley  and  telephone  cir- 
cuits for  introducing  into  the  latter  an  electro-motive 
force  which  would  oppose  or  neutralize  that  which 
was  produced  in  it  by  induction  from  the  railway  cir- 
cuit due  to  the  parallelism  of  the  circuits.     Obviously 
the  e.m.f.  on  the  transformer  could  not  at  all  times  be 
equal  and  opposite  to  that  induced  in  the  other  circuit 
for  various    reasons.     For    example,  a    train    might 
move  from  one  transformer  to  the  next  without  af- 
fecting the  current  through  the  transformer,  although 
the  changing  position  of  the  train  would  modify  the 
length  of  exposure  of  the  telephone  line  to  induction. 
Furthermore,   current  in  the  trolley  may  be  re- 
garded as  composed  of  two  parts,  one  of  which  returns 
by  the  track  and  the  other  by  the  earth.    The  former 
has  relatively  small  efTect  in  causing  induction  in  ad- 
jacent circuits,  as  the  outgoing  and  return  primary 
currents  are  only  about  twenty  feet  apart.     On  the 
other  hand,  the  current  which  returns  by  the  earth  is 
a  considerable  distance  from  the  outgoing  current  and 
would,  therefore,  induce  a  relatively  high  e.m.f.  in  the 
telephone  circuit,  i.  e.,  in  a  circuit  composed  of  over- 
head wires  and  the  earth  as  a  return.   Hence  the  e.m.f. 
is  nearly  proportional  to  the  earth   current.     It  was 
therefore  suggested  that  a  transformer  with  a  differen- 
tial winding  be  used  which  would  have  one  primary- 
coil  inserted  in  the  trolley  circuit  and  a  second  one  in- 
serted in  tlie  track  circuit,  so  that  the  resultant  e.m.f. 
would  be  proportional  to  the  earth  circuit.    It  was  fur- 
ther proposed  to  place  the  transformers  at  frequent  in- 
tervals, so  that  the  change  in  condition  when  a  car 
passed  a  transformer  would  not  be  too  great.     This 
scheme  did  not  appeal  to  the  telephone  engineers,  but 
they  were  ready  to  try  whatever  was  presented.    I  was 
not  very  sanguine  of  success,  but  felt  that  it  was  a  step 


in  the  right  direction,  and  we  might  learn  something  by 
trying  it. 

As  an  assistant  in  this  work  I  secured  Mr.  Ar- 
thur J.  Sweet.  He  said  that  he  was  not  very  familiar 
with  alternating-current  devices.  He  had  studied  al- 
ternating currents  in  college,  but  had  had  no  practical 
experience  and  he  explained  that  his  idea  while  tak- 
ing his  college  course  was  to  specialize  in  philosophy. 
However,  I  outlined  the  plan  of  using  transformers, 
and  asked  him  to  take  the  matter  up  with  some  of  the 
transformer  designers  and  get  the  transformers  made. 
In  a  day  or  two  he  reported  that  he  did  not  think  the 
scheme  was  a  good  one ;  he  pointed  out  the  difficulties 
and  had  a  plan  for  overcoming  them.  He  stated  that 
what  was  needed  was  an  e.m.f.  equal  at  all  times  to 
that  induced  in  the  telephone  circuit,  which  could  be 
introduced  into  the  telephone  circuit  by  the  secondary 
of  a  transformer.  In  order  to  produce  such  e.m.f. 
in  the  transformer  it  would  be  necessary  to  have  a 
primary  circuit  in  which  the  e.m.f.  was  the  same  as 
that  on  the  telephone  circuit.  The  way  to  get  such  a 
primary  e.m.f.  was  to  place  the  primary  wire  close 
to  the  telephone  circuit,  so  that  it  would  be  subject 
to  the  same  inductive  influences  as  the  telephone  cir- 
cuit. The  plan  seemed  to  meet  the  conditions  so  ad- 
mirably that  the  objection  to  proposing  an  additional 
primary  circuit  running  parallel  with  the  telephone 
wires  w-as  overcome,  and  measures  were  taken  to  try 
out  the  plan  on  experimental  circuits.  It  is  interesting 
to  note  that  the  ability  in  analyzing  problems  devel- 
oped in  the  study  of  philosophy  came  into  good  service 
in  problems  of  electro-magnetic  induction. 

In  ordinary  transpositions,  the  wires  of  a  circuit 
are  transposed  so  that  the  e.m.f.  induced  in  a  section 
of  one  mile,  for  example,  will  be  neutralized  by  the 
induction  of  the  next  mile,  because  the  transpositions 
of  the  wires  cause  the  two  e.m.f.s  to  oppose  one  an- 
other. In  the  case  of  the  induction  in  a  secondary 
circuit  consisting  of  telephone  or  telegraph  wire  with 
earth  return,  it  is  obviously  impossible  to  make  the 
transpositions,  ^^'hat  is  done  by  the  neutralizing 
transformer  is  to  take  two  circuits  extending  through 
the  same  mile  and  introduce  the  e.m.f.  of  one  of  these 
circuits  into  the  other  by  means  of  the  transformer, 
the  connections  being  such  that  the  two  e.m.f.s  are  in 
opposite  directions.  The  neutralizing  transformer  is 
really  a  special  case  of  the  transposition  of  circuits. 

The  neutralizing  transformer  scheme  was  tested 
by  the  engineers  of  the  Western  Union  Telegraph 
Company  and  introduced  on  the  lines  along  the  New 
Haven  Railroad.  The  conditions  were  predetermined; 
the  transformers  were  designed  and  erected  before  the 
current  had  been  placed  upon  the  railway  circuit,  and 
have  continued  in  service  without  change  until  the 
recent  rearrangement  of  the  railway  circuits  by  which 
the  induction  in  adjacent  wires  was  practically  elimi- 
nated. It  may  be  noted  that  the  conditions  formerly 
existing  on  the  New  Haven  System  were  exceptionally 
severe,  as  the  heavy  service  of  the  four-track  system 
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was  supplied  from  a  station  near  one  end.  Very  heavy 
currents  were,  therefore,  carried  for  considerable  dis- 
tances and  the  induced  e.m.f.  did  not  have  the  benefit 
of  the  counter-effect  which  is  produced  when  the  rail- 
way current  comes  from  opposite  directions  from  sup- 
ply stations  at  both  ends  of  the  line. 

It  was  hoped  that  the  transformer  might  be  of 
assistance  in  reducing  the  high  frequencj'  induction, 
as  well  as  that  due  to  the  fundamental  frequency.  The 
high  frequency,  due  to  commutation  and  the  like,  is 
the  noise  producing  factor  in  the  telephone.  It  was 
found  that  the  first  neutralizing  transformers,  which 
were  designed  for  telegraph  circuits  and  did  not  pro- 
vide for  close  electrostatic  and  magnetic  balance, 
tended  to  increase  rather  than  diminish  the  noise  in 
telephone  circuits.  The  first  conclusion  was  that  the 
transformer  was  inapplicable  to  telephonic  service,  but 
it  seemed  worth  while  to  correct  the  known  faults  and 
try  again.  Proper  design  and  construction  produced 
a  transformer  which  was  found  to  have  little  or  no 
effect  upon  the  noise.  In  one  of  the  early  tests,  in 
which  neutralization  as  measured  by  a  voltmeter  was 
very  nearly  perfect,  there  was  scarcely  a  perceptible 
effect  on  the  noise  whether  the  transformer  was  con- 
nected so  that  the  e.m.f.  at  fundamental  frequency 
was  neutralized,  whether  the  connection  was  in  the 
opposite  direction  so  that  the  e.m.f.  in  the  circuit  was 
doubled,  or  whether  the  transformer  was  cut  out  en- 
tirely. The  result,  therefore,  seemed  to  be  a  failure, 
and  the  considerable  effort  which  had  been  devoted 
to  the  construction  of  the  transformer  seemed  to  be 
lost.  The  transformer  was  then  deemed  suitable  for 
telegraph  circuits,  but  useless  for  telephone  purposes. 
Some  time  later,  however,  it  was  found  desirable  to 
introduce  the  transformers  into  circuits  which  served 
for  both  telegraph  and  telephone  service.  The  trans- 
former tests  had  already  indicated  that  a  properly 
designed  transformer  was  suitable  for  neutralizing 
the  fundamental  frequency  and  that  it  could  be  neu- 
tralized without  introducing  a  noise.  Transformers 
of  this  kind  are  described  in  the  article  by  Mr.  .Shaw 
as  having  performed  a  useful  service  in  commercial 
circuits.  Chas.  F.  Scott 


_,  \Miile  the  fundamental  conditions  in- 

_.  .  volved  in  the  protection  of  teleiihone 

rrotection  ^         .  .  , 

.  equipment  against  damage   from  ex- 
or  .  , 

rj.  ,     ,  cessive  potentials  or  currents  are  es- 
lelephone  •  ,i      ,  ,      ,  . 

r      .  .  sentially  those  involved  in  the  protec- 

bquipment  .  ,        .     ,  ... 

tion  ot  any  electrical  equipment  which 

may  be  suliject  to  the  strains  of  potentials  and  currents 
in  excess  of  those  which  it  is  designed  to  withstand, 
the  practical  fulfillment  of  those  conditions  in  the  tele- 
phone plant  is  complicated  by  factors  not  ordinarily 
encountered  with  other  electrical  equipment. 

From  its  very  nature,  telephone  apparatus,  both 
in  the  central  office  and  in  the  substation,  is  necessa- 
rily of  relatively  low  dielectric  strength  and  small 
current  carrying  capacity.  These  factors  alone,  by 
lowering  the  upper  limit  of  permissible  voltage  and 


current,  greatly  extend  the  range  of  conditions  re- 
quiring protection.  They  also  very  greatly  increase 
the  numerical  hazards  of  exposure  by  throwing  into 
the  dangerous  class  most  of  the  circuits  commonly 
employed  for  the  distribution  of  power,  lighting  and 
street  railway  propulsion  currents. 

To  those  inherent  weakness  factors  must  be  added 
the  difficulties  which  arise  on  account  of  the  great  mul- 
tiplicity of  circuits  concentrated  in  the  central  offices 
and  spreading  out  over  the  countrj'  in  a  huge  network. 
These  circuits  have  innumerable  points  where  contact 
with  power  and  lighting  circuits  is  possible,  and  almost 
unlimited  opportunity,  through  e.xposure  in  the  net- 
work itself,  for  carrying  dangerous  potentials  and 
currents  to  all  parts  of  the  plant  if  the  protective 
ecjuipment  is  defective.  It  is  also  easy  to  see  that  this 
huge  network,  which  contains  a  large  amount  of  aerial 
wire,  is  an  inviting  field  for  disturbance  from  lightning. 

Further,  in  the  central  offices  and  at  cable  boxes 
the  number  of  circuits  to  be  cared  for  makes  it  im- 
perative that  the  size  of  the  protectors  be  reduced 
to  the  smallest  possible  dimensions.  At  substations 
the  dimensional  requirements,  while  not  usually  af- 
fected by  the  number  of  circuits,  are  nevertheless 
circumscribed,  owing  to  the  fact  that  the  protective 
apparatus  must  be  as  small  and  inconspicuous  as  pos- 
sible, consistent  with  proper  operation,  in  order  to  be 
reasonably  unobjectionable  to  the  person  in  whose 
house  it  is  placed.  Although  the  cost  of  protector 
maintenance  is  always  a  serious  matter  for  the  designer 
of  telephone  protective  apparatus,  it  becomes  a  para- 
mount question  because  so  large  a  part  of  telephone 
protectors  are  installed  at  points  remote  from  the  cen- 
tral offices  and  entirely  away  from  the  possibilities  of 
e\en  casual  inspection,  except  at  infrequent  intervals. 
The  cost  of  clearing  telephone  protector  troubles  at 
outlying  substations  is  in  many  cases  extremely  high, 
so  that  everything  possible,  consistent  with  the  effec- 
tive functioning  of  the  device,  must  be  done  to  reduce 
the  number  of  visits  from  the  maintenance  force. 

-\bove  everything  else,  however,  is  the  fact  that 
the  apparatus  must  operate  to  protect  efficiently  the 
lives  and  property  of  those  on  whose  premises  it  is 
installed.  This  means  that  the  protectors  must  not 
only  be  efficient  in  preventing  potentials  which  might 
be  dangerous  to  life  from  reaching  the  telephone  in- 
struments used  by  the  subscribers,  but  also  currents 
which,  through  overheating  of  the  instrument  parts, 
might  constitute  a  fire  hazard.  Also,  since  it  is  fre- 
quently impossible  to  mount  telephone  protective  ap- 
l)aratus  in  fireproof  locations,  the  operation  of  the  pro- 
tector must  not  in  itself  constitute  a  fire  hazard. 

In  the  article  on  "Protection  of  Telephone  Cir- 
cuits" Mr.  Darrah  points  out  in  detail  some  of  the 
numerous  problems  which  cover  the  field  of  telephone 
protection  and  some  of  the  methods  and  apparatus 
which  have  successfully  solved  these  problems  and 
been  efficient  in  protecting  the  lives  of  telephone  sub- 
scribers and  employees  and  the  property  of  the  public 
and  the  telephone  companies.  F.  B.  Jewett 


Excitation  and  Voltage  Control 

IN  THE  PLANT  OF  THE  ONTARIO   POWER  COMPANY  OF  NIAGARA  FALLS 

J.  A.  Johnson 

Electrical    Engineer, 

The  Ontario  Power  Company 

THE  ONTARIO  POWER  COMPANY  has  recently  developed  und  put  into  successful  operation  a 
new  system  of  excitation  and  voltage  control,  the  fundamental  feature  of  zvhich  is  the  use  of  a  separate 
individual  exciter  and  automatic  voltage  regulator  for  each  of  its  main  generators,  instead  of  the  usual 
system  of  a  single  central  direct-current  plant  common  to  the  entire  installation.  By  reason  af  the 
rather  more  than  usual  importance  of  this  innovation,  due  to  its  having  subsequently  been  adopted,  in 
whole  or  in  part,  for  several  other  large  plants,  including  those  of  the  Mississippi  River  Power  Com- 
pany at  Keokuk,  The  Shawinigan  Water  and  Power  Company  at  Shawinigan  Falls,  Quebec  and  others,  it 
has  been  thought  that  a  description  of  the  pioneer  installation  would  be  of  interest  and  value. 


THE  GENERAL  features  of  the  plant  of  the 
Ontario  Power  Company  are  now  too  well 
known  to  need  further  description.  Suffice  it 
to  say  that  in  its  present  state  of  completion  it  con- 
tains fourteen  units  ranging  in  capacity  from  looao 
to  13  000  horse-power  each,  and  has  a  total  output  of 
upwards  of  150000  horse-power.  When  the  develop- 
ment was  planned,  its  designers  had  no  knowledge  as 
to  how  its  ultimate  output  would  be  utilized  or  what 
portion  of  it  would  require  transformation  to  long 
distance  transmission  voltage ;  and  at  that  time  power 
stations  had  not  reached  capacities  where  the  necessity 
for  sub-division  on  account  of  excessive  short-circuit 
currents  had  become  manifest.  The  ultimate  develop- 
ment was  then  conceived  as  a  single  great  reservoir 
of  power,  at  constant  voltage,  to  be  drawn  upon  as 
required.  For  these  reasons  no  system  of  excitation 
was  seriously  considered  other  than  the  conventional 
central  direct-current  system.  The  original  six-unit 
plant  was,  therefore,  laid  out  with  duplicate  turbine- 
driven  exciter  units.  At  a  somewhat  later  date  these 
units  were  equipped  with  Tirrill  regulators  for  auto- 
matic voltage  control. 

As  the  capacity  of  the  plant  increased  by  the  ad- 
dition of  generators,  it  began  to  be  apparent  that  di- 
vision of  the  load  into  groups  would  be  desirable,  anl 
possibly  necessary,  due  to  the  excessive  short-circuit 
currents  developed  with  all  machines  in  parallel.  At 
first  the  load  divided  itself  naturally  into  two  groups, 
one  supplied  at  high  voltage  for  long  distance  trans- 
mission, the  other  with  generator  voltage  (12000 
volts)  for  local  consumption.  Later,  a  third  natural 
group  appeared  requiring  low  voltage  power  trans- 
mitted by  underground  cables.  These  sub-divisions 
just  about  kept  pace  with  the  general  increase  in  the 
load  so  that  no  one  group  became  of  excessive  size. 
But  with  the  appearance  of  the  third  group  the  limit 


development  had  been  contemplated  from  the  start, 
but  up  to  this  time  litde  consideration  had  been  given 
to  any  other  plan  than  that  involving  large  direct- 
current  generators,  in  other  words,  practically  a  du- 
plication of  the  original  exciter  plant  on  a  larger 
scale.  Now  the  necessity  for  automatic  regulation, 
of  sub-division  into  independent  groups,  and  the  un- 
certainty as  to  the  size  and  number  of  groups  required, 
gave  rise  to  question  as  to  whether  some  more  flexible 
system  was  not  desirable  and  possible. 

In  the  general  design  of  the  plant  one  of  the  fun- 
damental principles  adopted  was  that  each  generating 
unit  should  be  considered  as  a  separate  and  complete 
plant,  capable  of  independent  operation,  although  nor- 
mally to  be  operated  all  in  multiple.  This  conception 
was  carried  out  so  far  as  the  alternating-current  end 
was  concerned,  the  circuits  being  so  arranged  that  the 
output  of  each  unit  might  pass  through  the  station 
independently,  but  the  idea  had  not  been  extended  to 
the  exciter  system.  Such  an  individualized  system 
would,  of  course,  possess  the  maximum  possible  flexi- 
bility and  was,  therefore,  taken  as  the  ideal  to  be  ap- 
proached as  nearly  as  might  be  possible. 

While  such  a  completely  individualized  system 
would  be  entirely  feasible  with  a  hand-regulated  plant, 
it  presented  at  least  one  difficulty  not  previously  en- 
countered in  the  art  of  power  generation  if  individual 
automatic  regulation  was  adopted./ This  difficulty  was 
the  instability  of  power-factor  or  wattless  current 
division  between  generators  operating  in  parallel  with 
independent  individual  voltage  regulation.  This  insta- 
bility exists  because  it  is  entirely  consistent  with  the 
condition  of  equal  terminal  voltages  on  all  machines,^ 
and  the  voltage  is  the  only  thing  which  is  under  con- 
trol. Such  an  unstable  condition  is,  of  course,  entirely 
incompatible  with  successful  operation.  In  the  fall 
of   1909.  while  the  plant  was  still  being  operated  in 


of  capacity  of    the    exciter    system    was    practically      two  independently  regulated  groups,  an  attempt  was 


reached  and  a  limit  of  flexibility  appeared  in  that 
at  least  one  of  the  two  exciters  had  to  be  used  in 
common  by  two  of  the  load  groups,  thus  causing  dis- 
turbance of  both  loads  by  the  automatic  regulators, 
when  either  one  was  in  trouble. 

A   central   exciter  plant    for  the   entire   ultimate 


made  to  operate  these  two  groups  in  multiple,  with 
exactly  the  result  above  described.  At  this  time  a 
method  of  overcoming  this  difficulty  was  originated 
jointly  by  Mr.  E.  D.  King,  then  assistant  superintend- 
ent, Mr.  H.  S.  Baker  and  the  writer,  which  made 
possible  the  system  of    individual    excitation    subse- 
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quently  adopted.     This  device  will  be  described  as  it 
is  a  fundamental  element  of  the  new  system. 

Having  thus  removed  the  only  obstacle  in  the 
way  of  individual  excitation  and  regulation,  the  ques- 
tion resolved  itself  into  a  choice  among  the  many  pos- 
sible methods  of  accomplishing  it.  The  following 
plans  were  given  consideration : — 

I — Exciter  on  the  generator  shaft. 

2 — Exciter  driven  by  a  belt,  chain  or  gear;  from  the  gen- 
erator shaft. 

3 — E.xciter  driven  by  a  separate  turb'-ie  fed  from  the  main 
penstock. 

4 — Exciter  driven  by  a  motor  fed  directly  from  the  main 
generator. 

5 — Exciters  for  several  nniis  on  the  same  shaft  driven  by 
a  separate  turbine. 

6 — Exciters  driven  by  motors  with  power  from  the  main 
busses. 

7 — Exciters  driven  by  motors  wiih  nower  from  a  separate 
source. 

Of  these  plans  /,  2,  4  and  6  all  possess  a  decided 
disadvantage  in  that  the  exciters  are  subject  to  the 


sacrificing  simplicity  be  adapted  to  high  voltage  gen- 
erators. Furthermore,  a  separate  source  would  be 
required   for  starting. 

Plan  5  is  possible  but  somewhat  fantastic  and 
possesses  in  common  with  the  central  direct-current 
system  the  disadvantage  that  the  exciting  power  must 
be  distributed  at  low  voltage. 

Plan  (5  is  a  simple  method  but  subject  to  the  dis- 
advantage of  speed  variation,  as  above  noted.  It  is 
also  somewhat  indirect,  and  to  that  extent  unreliable, 
and  is  not  completely  self-starting.  It  is,  of  all  the 
methods  proposed,  the  one  usually  most  adaptable  to 
an  existing  plant. 

Plan  7  possesses  all  the  advantages  of  plan  6  and 
lacks  its  draw-backs,  being  self-starting  and  independ- 
ent of  the  speed  of  the  main  units.  It  was  finally  de- 
cided to  adopt  plan  7  with  the  circuits  so  arranged 
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FlC.     I — EXCITER    POWER    PLANT 

The  individual  motor-generator  exciter  units  are  located  on  the  switchboard  gallery  adjacent  t )  each  main  unit. 


same  speed  variation  as  the  maiii  units.  This  is,  per- 
haps, not  serious  when  on  regulator  control,  but  I)e- 
comes  so  when  such  control  may  be  temporarily  in- 
terrupted, especially  in  the  event  of  a  runaway. 

Plan  r  is  only  with  difficulty  adapted  to  an  exist- 
ing plant  not  originally  so  designed  and  was  also  un- 
suitable in  this  case  on  account  of  the  low'  speed  of 
the  generators  (187.5  r.p.m.). 

Plan  .?  was  practically  prohibited  by  the  required 
capacit}'  of  the  exciters  in  combination  with  the  low 
generator  speed. 

Plan  5  is  a  ver\-  simple  and  desirable  method  in 
some  respects  but  difficult  to  apply  to  an  existing 
plant. 

Plan  4  might  l.e  used  in  the  case  of  low  voltage 
generators  but  could  only  with  great  difficulty  and  by 


that  plan  6  could  be  reverted  to  as  a  relay  in  case  of 
necessity. 

The  characteristics  which  render  this  system  pe- 
culiarly well  fitted  to  the  conditions,  and  which  led 
to  its  adoption,  are: — 

I — Flexibility. 
2 — Safety. 
3— Reliability. 
4 — Independence. 
5 — Simplicity. 

6 — Adaptability  to  automatic  control. 
7 — Adaptability  to  distant  control. 
8 — Minimum  concentration  of  low  voltage  powei. 
g — Ease  of  distribution  of  power. 
JO — Adaptability  to  an  existing  plant. 

While  the  advantages  of  the  system  finally  adopt- 
ed over  those  of  any  of  the  other  systems  considered 
were,  for  this  installation,  so  marked  as  practically  to 
determine  the  choice,  its  cost  was  nevertheless  care- 
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fully  invcstifjated.  These  cost  studies  were  decidedly 
favorable  to  the  system  adopted,  not  only  in  compari- 
son with  other  individual  systems  but  also  with  the 
suggested  central  direct-current  system. 

The  new  system  as  installed  at  the  Ontario  Power 
plant  consists  of  the  following  four  elements : — 

I — The  exciter  power  plant,  comprising  penstocks,  tur- 
bines, governors,  generators  and  motors,  providing  a 
source  of  power  entirel'-  independent  (except  as  to 
the  source  of  tlie  water)   from  the  main  power  units. 

2 — The  switchboard  containing  tlie  necessary  switches, 
etc.,  for  controlling  the  power  from  the  exciter  power 
plant  and  distrilniting  it. 

3— The  individual  unit  exciters  consisting  of  induction 
motor-generator  sets  located  adjacent  to  their  re- 
spective main  units. 

4 — The  regulating  devices,  including  Tirrill  regulators, 
power-factor  and  line  drop  compensators  and  relays. 

EXCITER    POWER    PLANT 

The  exciter  power  plant  contains  two  units  each 
consisting  of  a  i  600  hp,  375  r.p.m.  Francis  type  hy- 
draulic turbine  driving  a  900  kw,  three-phase,  25  cycle, 
2  200  volt  alternating-current  generator.  On  the  same 
shaft  is  also  a  600  hp,  three-phase,  2  200  volt  induc- 
tion motor  capable  of  carrying  the   full  load  of  the 


FIG.    3 — EXCITER    SWITlIIBO.MiD 

generator  for  a  period  of  ten  minutes.  This  motor 
is  arranged  to  be  connected  through  suitable  trans- 
fonners  to  the  main  12  000  volt  station  busses,  and  is 
intended  as  an  instantaneous  relay  on  the  turbine.  It 
is  started  by  means  of  the  turbine  by  driving  the  unit 
to  synchronous  speed  and  closing  the  supply  switch ; 
thus  no  special  starting  devices  are  required.  The 
shaft  also  carries  the  exciter  for  the  2  200  volt  alter- 
nating-current generator.  Each  of  the  two  units  is 
capable  of  carrying  the  entire  exciter  load  of  the  sta- 
tion. They  are  located  on  a  walled  gallery  somewhat 
above  the  main  floor  of  the  station  and  near  its  ulti- 
mate center,  as  shown  in  Fig.   i. 

EXCITER    .SWITCHHOAKD 

On  and  under  the  main  gallery  of  the  station,  im- 
mediately adjacent  to  the  main  exciter  power  ])lant 
is  located  the  switchboard  for  the  control  and  distri- 
bution of  the  excitation  power.  The  power  is  con- 
trolled through  oil  switches  mounted  in  cells  beneath 
the  gallery  with  remote  hand  control  from  the  switch- 
hoard  proper  on  the  gallery  directly  above. 


The  connections  are  shown  in  Fig.  2.  There  are 
three  busses  mounted  on  pipe  framework  above  the 
switch  cells,  a  starting  bus,  a  running  bus  and  a  relay 
bus.  The  running  bus  is  fed  from  the  exciter  power 
[)lant  and  the  relay  bus  from  the  main  12000  volt 
iiusses  through  the  same  transformers  which  furnish 
power  for  the  600  hp  induction  motors.  The  starting 
bus  may  be  fed  through  either  of  two  reducing  auto- 
transformers  from  either  the  running  or  the  relay  bus 
by  means  of  double-throw  switches.  The  individual 
exciters  are  fed  through  double-throw  switches  from 
either  the  running  bus  or  the  relay  bus,  as  desired, 
and  double-throw  starting  switches  are  provided  for 
each  individual  exciter  which  transfer  the  exciter 
motor  from  the  starting  bus  to  whichever  of  the  two 
power  busses  has  been  selected. 

The  switchboard  is  of  black  Monson  slate  with 
dull  finish  and  presents  a  very  neat  appearance,  as 
shown  by  Fig.  3.  It  contains  the  necessary  instruments 
for  controlling  the  exciter  plant  and,  also,  for  each 
main  unit,  two  alternating-current  ammeters,  one 
showing  the  current  input  to  the  individual  e.xciter 
motor,  the  other  the  current  output  from  the  main 
12000  volt  generator.  These  are  merely  for  the  in- 
formation of  the  switchboard  attendant,  the  control 
of  both  individual  exciters  and  generators  being  han- 
dled from  the  main  control  room  in  the  distributing 
station. 

INDIVIDUAL   EXCITERS 

From  the  switchboard  iron  conduits  convey  the 
power  in  three-phase,  2200  volt,  lead-covered  cab'es 
underneath  the  gallery  to  the  individual  exciter  motor- 
generator  sets  located  on  the  gallery  adjoining  their 
respective  main  units.  These  are  of  two  sizes  for 
adaptation  to  the  different  generators,  some  being  of 
40  kw  output  and  some  of  60  kw.  Each  exciter  is 
of  sufficient  capacity  for  one  generator  only  and  a 
spare  set  is  kept  on  hand  to  replace  any  one  which 
may  be  in  trouble,  the  process  of  changing  requiring 
only  a  few  minutes.  The  exciters  have  a  synchronous 
speed  of  750  r.p.m.  The  individual  exciters  are 
mounted  on  the  station  gallery  in  order  that  all  the 
auxiliary  apparatus  likely  to  require  attention  shall 
be  so  placed,  the  governors  of  the  main  units  and  the 
generator  oil  circuit  breakers  also  being  located  here. 
This  is  a  decided  advantage  in  operation.  The  entire 
2  200  volt  system  is  designed  for  and  subjected  to  a 
test  of  10  000  volts  between  live  parts  and  ground,  this 
extra  high  voltage  test  being  for  the  purpose  of  estab- 
lishing a  very  high  factor  of  safety  in  the  insulation. 

From  the  direct-current  terminals  of  the  individ- 
ual exciters  the  main  field  leads  run  directly,  without 
cither  switch  or  rheostat,  to  the  collector  rings  of  the 
main  generators.  Thus,  the  exciter  is  virtually  a 
part  of  the  main  generator,  the  entire  control  of  the 
main  field  current  being  effected  through  the  field  of 
the  exciter.  The  exciter  generators  are  shunt-wound, 
with  series-wound    interpoles    which    assist    them  to 
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commutate  perfectly  at  all  loads  and  voltages  at  which 
they  can  be  operated. 

From  each  individual  exciter  a  small  four-con- 
ductor leaded  cable  extends  to  the  control  room  in 
the  distributing  station,  a  distance  of  about  i  ooo  feet. 
Two  of  these  wires  are  connected  across  the  direct- 


Fig.  6.  The  exciter  tield  rheostats  in  conjunction 
with  which  the  regulators  operate  are  mounted  below 
the  control  room  floor.  They  are  of  the  ratchet-driven 
type  and  are  controlled  electrically  by  means  of  the 
controller  switch  originally  provided  under  the  old 
system  for  operating  the  main  field  rheostats. 


FIG.     4 — CONTROL    ROOM 

Rear  view  of  control  stands  and  instrument  posts,  showing  voltage   regulators. 


current  terminals  of  the  exciter  and  carry  the  direct- 
current  potential  to  the  voltage  regulators.  The  other 
two  are  the  exciter  field  leads,  connecting  the  field 
with  the  field  rheostat  and  regulator  in  the  control 
room.     These   four  wires  are  insulated  rather  more 


FIG.   5 — RE.\R    VIEW    OF    C0.\TR0L    ST.4ND 

highly  than  usual  for  250  volt  wires,  and  otherwise 
are  especially  protected  against  interference  or  dam- 
age. 

VOLTAGE   REGULATORS 

In  the  control  room  the  regulators  and  relays  are 
mounted  on  the  rear  of  the  individual  control  pedes- 
tals. Figs.  4  and  5,  with  the  necessary  control  switches, 
rheostat    handles,  etc.,    on    the    front,  as    shown    in 


The  regulators  themselves,  except  for  a  few  spe- 
cial features  in  the  mounting,  are  standard.  The  white 
Italian  marble  panels  on  which  they  are  mounted  are 
hinged  to  the  stands,  thus  forming  rear  doors  for  ac- 
cess to  the  interiors  of  the  pedestals  and  also  enabling 


FIG.    O      K,i..:w      .lx,VV    OF    CONTROL    STANDS 

Showing  one  regulator  swung  around  to  face  the  operator. 

a  regulator  to  be  swung  about  so  as  to  face  the  opera- 
tor, as  shown  in  Fig.  6,  in  case  it  should  require  spe- 
cia'  observation  for  any  reason.  The  connections  of 
the  regulators  and  auxiliary  apparatus  are  shown  in 
Fig.  7.  The  operation  of  the  Tirrill  regulators  is  now 
too  well  known  to  need  description  here  and,  there- 
fore, attention  will  be  confined  to  the  operation  of  the 
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special  compensating  devices  and  relays  used  in  con- 
junction with  the  regulators. 

POWER-FACTOR    COMPENSATORS 

As  above  stated,  the  key  to  the  successful  opera- 
tion of  the  system  here  described  is  contained  in  the 
power-factor  compensator  which  performs  the  func- 
tion of  equalizing  and  stabilizing  the  division  of  watt- 
less current  among  the  generators.    It  becomes  appar- 


means  of  a  contact  making  power-factor  meter,  but  as 
both  the  voltage  and  power-factor  of  alternators  in 
multiple  are  fixed  by  their  field  charges,  the  result  can 
be  accomplished  in  a  much  simpler  way  by  applying 
the  proper  force  directly  to  the  regulator  itself  which 
controls  the  field  charge. 

In  the  final  analysis,  a  voltage  regulator  tries  to 
keep  constant  the  mechanical  force  exerted  on  the 
moving  element   of    its    alternating-current    magnet. 
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ent,  on  analyzing  the  problem,  that  to  produce  such 
stability  it  is  necessary  to  regulate  not  only  the  volt- 
age, but  the  phase  angle  of  the  current  with  respect 
to  the  voltage.  It  is  a  well  known  fundamental  prin- 
ciple of  regulation  that  variation  of  the  function  to  be 
regulated  must  produce  or  release  the  regulating  or 
restoring  force,  j  Thus  the  regulation  of  power-factor 
or  phase  angle  of  current  must  be  accomplished  by 
some  device  responding  to  this  function.  Probably 
the    result    could   be   accomplished    in    some    way    by 


Under  ordinary  conditions  this  force  is  produced 
solely  by  the  voltage  of  the  system.  In  order  to  make 
such  a  regulator  maintain  constant  phase  angle  be- 
tween current  and  voltage,  therefore,  there  is  required 
to  be  added  to  the  force  already  applied  to  the  mov- 
ing element,  a  small  transient  force  equal  to  zero  ( or 
practically  so)  when  the  phase  angle  has  the  desired 
value,  but  increasing  in  a  positive  or  negative  direc- 
tion as  the  phase  angle  decreases  or  increases.  Such 
a  force  will  cause  the  regulator  to  vary  the  field  charge 
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of  the  generator  so  as  to  restore  the  phase  angle  of 
the  current  to  its  estaWished  value,  and  the  restoring 
force  will  gradually  fall  to  zero  as  the  normal  con- 
dition is  restored. 

Such  a  force  may  be  produced  (practically)  with 
unity  power-factor  by  a  current  in  quadrature  with 
the  voltage,  and  varying  in  phase  position  with  the 


PIG.    8 — DIAGRAM     SHOWING    ACTION    OF    POWER  FACTOR    COMPEN- 
SATOR IN   CONNECTION    WITH   AUTOMATIC  VOLTAGE  REGULATOR 

OA    =  current,  flux,  or  pull  due  to  voltage. 

AB  =  current,  flux,  or  pull  due  to  compensator  with  no 
wattless  current. 

OB  =  resultant  current,  flux,  or  pull  winch  regulator 
tries  to  keep  constant. 

AB^  —  transient  current,  flux  or  pull  in  compensator  due 
to  increase  in  lagging  wattless  current. 

AB.  =  transient  current,  flux,  or  pull  in  compensator  due 
to  increase  in  leading  wattless  current. 

OB,  and  OB,  =  transient  resultant  current,  flux  or  pull 
immediately  restored  to  condition  OB  by  regulator  action. 

line  current,  as  the  resultant  of  this  force  and  that 
produced  by  the  voltage  diflfers  by  a  very  small 
amount  from  that  produced  by  the  voltage  alone, 
while  with  a  change  in  the  phase  angle  of  the  current 
the  resultant  force  increases  or  decreases  very  rapid- 
ly. This  action  is  illustrated  by  Fig.  S.  In  a  three- 
phase  system  at  unity  power-factor  such  a  current 
may  be  obtained  from  the  phase  to  which  the  regu- 
lator potential  coil  is  not  connected  or  by  proper  con- 
nection of  series  transformer  secondaries  in  the  other 
two  phases.  The  cjuadrature  current  can  be  applied 
to  produce  the  required  mechanical  force  on  the  alter- 
nating-current moving  element  either  by  passing  it 
through  a  resistance  connected  in  series  with  the  alter- 
nating-current regulator  circuit — which  is  the  method 
used  in  this  installation— or  by  passing  the  current  di- 
rectly through  an  auxiliary  compensating  winding 
upon  the  alternating-current  magnet.  In  the  first  case 
the  result  is  obtained  by  vector  addition  of  currents 
and  in  the  second  of  fluxes. 

In  the  preliminary  experiments  the  quadrature 
compensating  current  was  obtained  from  an  intercon- 
necting circuit  joining  the  two  groups  of  generators 
and  feeders,  so  that  it  was  possible  to  maintain  the 
power-factor  of  this  interconnecting  circuit  at  unity, 
giving  ideal  operation  of  the  compensating  device.  But 
by  inserting  in  the  alternating-current  regulator  cir- 
cuit a  variable  resistance  it  was  found  quite  possible 
to  maintain  the  power-factor  of  this  circuit  at  any 
desired  value  (within  practical  limits),  thus  demon- 
strating that  the  device  was  perfectly  adaptable  to 
individually  regulated  generators  operating  in  paral- 
lel at  power-factor  other  than  unity.  The  following 
analysis  will  serve  to  make  this  clear : — 

The  simplest  application  of  the  power-factor 
compensator  consists  in  the  use  of  a  compensator  coil, 
acting  on  the  core  of  the  alternating-current  coil  of 


the  regulator,  in  which  would  flow  a  current  which,  at 
unity  power- factor  load,  would  be  in  quadrature  with 
the  voltage  and  hence  with  the  current  in  the  A.C.  coil 
on  the  regulator.  This  current  would  be  taken  from  a 
series  transformer  in  say,  phase  A,  the  voltage  being 
taken  across  phases  B-C.  The  regulator  regulates  to 
a  constant  pull  on  the  core  of  the  A.C.  coil.  If  posi- 
tive or  negative  pull  is  supplied  from  some  source 
other  than  the  A.C.  coil  (such  as  the  compensator 
coil)  the  voltage  decreases  or  increases  until  the  total 
pull  on  the  core  is  restored  to  its  normal  value.  With 
unity  power-factor  the  resultant  flux  (or  pull)  would 
be  the  sum  of  a  large  flux  and  a  very  small  one  in 
quadrature  with  it,  hence  the  full-load  voltage  would 
be  only  slightly  less  than  that  at  no  load,  as  shown  in 
Fig.  9.  With  lagging  power-factor  the  compen- 
sator current  is  thrown  around  partially  into  phase 
with  the  voltage  (or  A.C.  coil  current)  and  is  so  con- 
nected as  to  assist  the  pull  of  the  coil.  The  voltage 
then  decreases  until  the  pull  is  restored  to  normal,  as 
shown  in  Fig.  10.  ^\'ith  leading  power-factor  there 
will  be  an  increase  in  voltage  in  a  similar  manner,  as 
shown  in  Fig.  11. 

In  operation  there  are  three  cases  to  be  consid- 
ered : — 

I — Operation  of  one  machine  alone. 
II — Operation   of  any   number   of   machines    in   parallel. 
Ill — Operation  of   any  number   of    machines   in   parallel 
with  one  machine  uncompensated. 

In  Case  /  the  voltage  varies  with  the  power-fac- 
tor, increasing  as  the  power-factor  increases  (on  the 
lag  side)  and  decreasing  as  it  decreases.  This  varia- 
tion may  be  very  small.  The  voltage  also  varies 
slisjhtlv    with    the   load,   decreasing   with   increase   of 


FIG.  II 


FIG.      9 — REGUL.\TION   DIAGR.\M — NO   WATTLESS  CURRENT 

FIG.    10 — REGULATION    DIAGR.\M — L.\GGING    WATTLESS    CURRENT 

FIG.    II — REGULATION    DIAGRAM — LEADING    WATTLESS    CURRENT 

OA  =  Pull  of  voltage  coil. 
AB  ^  Pull  of  compensator. 
OB  =  Resultant  pull,  regulated. 
AD  =  Regulation. 

load  at  unity  and  lagging  power- factors,  and  increas- 
ing with  increasing  load  at  leading  power-factors.  In 
case  of  loss  of  load  the  voltage  varies  by  an  amount 
depending  upon  the  power-factor,  amount  of  com- 
pensation and  initial  load.  \ 

In  Case  //  the  additional  condition  enters,j^Mn- 
ter-action  between  generators.    Assuming  that  all  are 


TUR  ELECTRIC  JOURNAL 


619 


adjusted  alike,  any  attcmi)t  on  the  part  of  one  ma- 
chine to  deliver  more  wattless  current  than  the  others, 
that  is,  to  deliver  its  [)o\ver  at  a  lower  power-factor, 
results  in  a  decrease  of  the  field  charge  of  that  ma- 
chine, thus  restoring  equilibrium.  As  this  reduction 
of  field  charge  is  caused  through  the  agency  of  the 
excess  wattless  current  itself,  that  is,  by  the  increase 
in  phase  angle  of  the  current,  it  ceases  as  soon  as  the 
excess  disa]>pears.  The  simultaneous  action  of  the 
other  machines  is  exactly  reverse,  thus  assisting  to 
the  final  result.  For  adjustment,  and  to  provide  for 
operating  difTcrent  machines  at  different  power- 
factors  if  desired,  \ariable  resistances  may  be  placed 
in  series  with  the  alternating-current  coils.  Both  volt- 
age and  power-factor  distribution  would  be  controlled 
by  these  resistances.  By  making  the  relative  ampere- 
turns  of  the  compensator  small  as  compared  to  the 
coil,  the  rise  of  voltage  on  loss  of  load  may  be  kept 
as  small  as  desired.  The  device  will  be  stable,  no 
matter  how  small  these  values,  as  the  further  the 
power-factor  (or  phase  angle)  departs  from  the  value 
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FIG.    12 — VOLTMETER    .\ND    GENERATOR    WATTMETER    CHARTS 

Showing  regulation  with  individual  regulators, 
for  which  it  is  set  (provided  it  does  not  pass  be- 
yond zero)  the  stronger  is  the  force  acting  to  restore 
it.  The  rise  of  voltage  on  loss  of  load  will  be  equal 
to  that  percentage  which  the  resultant  additional  pull 
of  the  compensator  current  on  the  core  is  of  the  pull 
of  the  voltage  current.  The  voltage  variation  due  to 
load  and  power-factor  variations  will  be  less  than  that 
due  to  a  total  loss  of  load,  and  hence  can  be  made 
very  small. 

In  Case  ///  there  will  be  no  compounding  action 
provided  the  variations  in  the  demand  for  wattless 
current  are  not  greater  than  one  generator  can  readily 
take  care  of.  \\  ith  this  scheme  the  bus  voltage  is 
maintained  constant  by  the  machine  operated  without 
the  compensator.  The  regulators  on  the  other  ma- 
chines, being  compensated,  maintain  constant  power- 
factor,  hence  variations  in  wattless  current  are  thrown 
onto  the  uncompensated  machine.  Unstable  interac- 
tion between  machines  is  impossible  as  all  the  com- 


pensated machines  are  constrained  to  act  each  in  the 
same  manner  toward  the  uncompensated  one  and  also 
toward  each  other. 

In  the  Ontario  Power  Company's  installation  the 
(luadralure  compensating  current  is  obtained  from  the 
third  phase  of  the  generator  circuit  and  is  utilized  by 
passing  it  through  a  small  resistance  in  series  with 
the  potential  circuit  of  the  regulator.  There  is  also 
connected  in  series  with  the  alternating-current  regu- 
lator circuit,  a  variable  resistance.  With  the  genera- 
tor operating  alone  this  variable  resistance  serves  to 
vary  the  relation  between  current  and  voltage  in  the 
alternating-current  coil  and  hence  to  vary  the  voltage 
of  the  generator. 

With  the  generator  operating  in  parallel  with 
others,  variation  of  the  series  resistance  changes  the 
voltage  only  slightly  as  this  is  maintained  by  the  other 
regulators.  Its  elTect,  therefore,  is  to  change  the 
power-factor.  Thus  with  several  generators  in  mul- 
tiple voltage  adjustment  is  effected  by  changing  all 
the  series  resistances  in  the  same  direction,  while 
power- factor  adjustment  is  eftected  by  changing  the 
relative  settings  of  the  series  resistances.  In  fact, 
tliese  series  resistances  are  used  exactly  as  field 
rheostats  are  ordinarily  used. 

The  system  is  operated  in  accordance  with  Case 
//,  i.  e.,  with  compensators  on  all  machines.  The 
character  of  regulation  obtained  is  shown  by  Fig.  12 
in  which  a  graphic  voltmeter  chart  is  shown  together 
with  the  load  charts  of  the  three  machines  supplying 
the  load.  Results  with  the  individual  regulators  are 
even  better  than  were  obtained  with  the  group  regu- 
lators previously  employed. 

LINE  DROP  COMPENS.\T0RS 

In  addition  to  the  power-factor  compensation, 
which  is  an  inherent  and  necessary  part  of  the  sys- 
tem, the  regulators  are  also  equipped  for  line  drop 
compensation. 

On  account  of  the  multiplicity  of  regulators  the 
use  of  the  ordinary  line  drop  compensator  of  the 
Mershon  type  is  not  practicable,  as  the  number  of 
generators  to  be  compensated  for  the  line  drop  is  con- 
stantly changing,  and  each  number  would  require  a 
dift'erent  setting  of  the  compensator  on  account  of  the 
\ariation  of  the  resistance  of  the  compensating  cir- 
cuit when  the  individual  regulators  were  cut  in  or  out. 

To  overcome  this  difificulty  a  system  was  devised 
of  obtaining  a  compensating  current  which  would  be 
independent  of  the  resistance  of  the  compensating 
circuit.  The  fundamental  principle  of  line  compen- 
sation is  the  creation  of  a  current  proportional  both 
in  value  and  phase  relation  to  the  line  drop  which  is 
to  be  Compensated  for.  .Such  a  current  will  neces- 
sarily be  proportional  to  the  line  current,  and  at  a 
certain  phase  angle  therewith,  depending  upon  the 
line  constants.  Any  method  therefore  of  producing 
such  a  current  may  be  used  to  produce  line  compensa- 
tion.    It  is  evident  that  if  varying  proportions  of  the 
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currents  in  two  phases  of  the  line  can  he  combined 
to  produce  a  single  resultant,  this  resultant  may  be 
made  to  have  any  value  and  phase  position  desired. 
This  may  be  accomplished  by  means  of  a  special 
series  transformer  having  three  windings ;  two  pri- 
maries, each  of  a  variable  number  of  turns,  and  a 
secondary  of  a  fixed  number  of  turns.  In  this  way 
a  secondary  current  may  be  induced  having  any  value 
and  phase  angle  desired,  when  the  primary  windings 
are  supplied  from  two  phases  of  the  line.  Thus  by 
proper  adjustment,  a  current  can  be  produced  pos- 
sessing the  value  and  phase  relation  required  for  cor- 
rect line  drop  compensation.  This  current,  once 
established,  is  passed  in  series  through  the  compen- 
sating coils  of  the  regulators  of  all  the  generators 
supplying  the  load  to  be  compensated,  and  the  num- 
ber of  generators  so  used  can  be  varied,  and  the  com- 
pensating coils  of  the  unused  generators  cut  out, 
without  appreciably  aftecting  the  relation  between  the 
compensating  current  and  the  line  current. 


In  addition  to  the  devices  above  described  there 
arc  overload  and  no-voltage  relays  whose  function  is 
to  prevent  excessive  voltage  rises  in  case  of  short- 
circuits  and  loss  of  potential  on  the  regulator  circuit. 
Both  of  these  are  arranged  to  open  the  circuit  to  the 
main  regulator  contacts  upon  the  occurrence  of  those 
conditions  for  which  they  are  designed,  thus  causing 
the  voltage  to  fall  instead  of  rise. 

The  entire  plant  of  The  Ontario  Power  Com- 
pany has  now  been  operated  on  this  system  for  a 
period  of  several  months  not  only  with  entire  suc- 
cess, but  with  better  results  and  better  satisfaction  on 
the  part  of  the  operating  force  than  obtained  with  the 
old  system.  The  selection  of  the  individual  system 
has  been  anijjly  justified  by  events,  in  that  since  its  in- 
stallation it  has  several  times  been  necessary  to  sub- 
divide the  plant  temporarily  into  as  many  as  five 
separate  sections.  This  has  been  done  without  in  the 
least  interfering  with  automatic  control,  which  would 
have  been  entirely  impossible  with  a  central  excita- 
tion svstem. 


A  Series-Transformer  Tripping  Device 
for  Circuit  Breakers 


B.  H. 

IT  IS  well  known  that  a  circuit  breaker  will  success- 
fully take  care  of  short-circuits  of  at  least  twice 
its  rated  capacity  if  the  time  of  opening  is  de- 
layed for  a  few  seconds,  thus  giving  opportunity  for 
the  initial  \alue  of  short-circuit  current  to  decrease.* 
In  an  experiment  to  show  this,  a  standard  series-trip, 
time-element  relay  was  used,  connected  as  in  Fig.  i. 
The  contacts  shunt  the  trip  coil  of  the  circuit  breaker 
and  prevent  it  from  operating  until  the  relay  operates 
and  opens  its  contacts.  On  the  first  trials  the  circuit 
breaker  operated  perfectly,  but  on  a  subsequent  test, 
with  current  applied  to  its  ultimate  capacity,  the  cir- 
cuit breaker  was  destroyed.  The  reason  given  was 
that  a  speck  of  some  foreign  matter  had  prevented 
the  relay  contacts  from  comj)letely  shuntir.g  the  trip 
coil  and  the  result  was  instantaneous  action  instead  of 
a  two-second  time  element. 

Due  to  the  unreliability  of  operating  this  type  of 
relay  and  trip  coil  from  a  series  transformer  it  has  be- 
come standard  practice  to  use  a  direct-current  control 
circuit  whenever  possible  and  to  allow  the  relay  to 
close  the  contacts  and  complete  the  direct-current  cir- 
cuit through  the  circuit-breaker  trip  coil.  In  a  large 
proportion  of  circuit-breaker  installations,  however, 
such  as  isolated  substations,  the  use  of  a  relay  is 
essential,   but   a    direct-current   control   circuit   is   not 


*See  article  on  "Breakin.s;  Capacity  Rating  of  Oil  Cir- 
cuit Brer.'-;ers"  by  J.  N.  Mahof:ey,  in  the  Journal  for  Nov., 
lOi.?,  p.   iiox 


Smith 

available  except  at  prohibitive  expense  and  hereto- 
fore there  has  been  no  satisfactory  device  for  tripping 
from  the  series  transformer. 

Any  circuit  opening  device  is  subject  to  arcing 
and  burning  of  contacts  with  consequent  failure  to 
close  properly.  Also  a  relay  of  considerable  power  is 
required  in  order  to  keep  the  contacts  firmly  closed, 
and  this  fact  prohibits  the  use  of  the  otherwise  high- 
ly desirable  and  reliable  induction-type  contact-closing 
relav.  Again  "reverse  power"  relays,  which  are  re- 
quired in  some  installations,  have  inherently  a  very 
low  torque  and  cannot  be  arranged  for  contact-open- 
ing operation. 

Froin  the  foregoing  it  is  evident  that  a  demand 
existed  for  a  device  which  would  permit  the  use  of 
a  standard  contact  closing  relay  and  at  the  same  time 
allow  the  power  for  operating  the  trip  coil  to  be  sup- 
plied from  the  series  transformer. 

In  circuit-breaker  operation,  if  the  series  trans- 
former circuit  is  connected  simply  through,  a  standard 
trip  coil,  such  as  coil  A  Fig.  2,  the  latter  will  operate 
instantly  on  the  occurrence  of  a  predetermined  over- 
"oad.  However,  if  a  piece  of  iron  is  added  below 
the  trip  coil  plunger  and  allowed  to  touch  the  bottom 
of  the  plunger  it  will  be  obvious  that  a  few  turns  of 
wire,  such  as  coil  B.  Fig.  2,  will  prevent  the  plunger 
from  moving  no  matter  how  great  the  current.  Then, 
if  a  secondary  winding  C  of  a  comparatively  large 
number  of  turns  of  small  wire    is    wound    over    the 
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lower  coil  B  as  in  Fig.  2,  but  entirely  insulated  from 
it,  coils  B  and  C  may  be  considered  as  primary  and 
secondary  windings  of  a  small  transformer.  With  the 
secondary  winding  open  there  is  a  large  magnetic  flux 
in  the  iron,  but  if  the  secondary  circuit  is  comijlcted 
thr(]Ugh  the  relay  contacts  and  current  is  allowed  to 
flow,  it  will  be  in  such  direction  as  to  oppose  the  mag- 
netic flux  set  up  by  B  and  reduce  it  to  a  minimum. 
The  lower  end  of    the    core    is    thus    released,    the 


To  Circuit  Breaker  Tnp 


FIG.     I — KORMFR     METHOD    OF    TRIPPING    FROM     A    SERIES     CIRCUIT 
THROUGH   A   TIME   ELEMENT   RELAY 

plunger  rises  due  to  the  action  of  coil  A  and  the  cir- 
cuit breaker  opens. 

One  great  advantage  of  the  above  apparatus  is  at 
once  apparent,  for  it  will  be  seen  that  the  instant  the 
core  rises  away  from  the  lower  iron,  the  current  must 
greatly  decrease  in  coil  C  and  as  soon  as  the  circuit 
breaker  opens  it  ceases  entirely;  thus  the  relay  con- 
tacts are  not  required  to  open  any  current  at  all.  Also, 
due  to  the  large  number  of  turns  in  coil  C  the  current 
ordinarily  flowing  through  the  contacts  is  very  small 
while  the  e.m.f.  is  sufficient  to  overcome  any  possible 


pected.  In  fact  it  seems  that  the  chances  of  failure 
from  any  point  in  this  scheme  of  o])eratioii  are  ex- 
tremely remote. 

The  advantages  of  this  l)pL-  ui  circuit-breaker 
trip  may  be  enumerated  in  brief  as  follows. 

I — It  operates  directly  from  a  series  transformer 
in  the  circuit  which  it  is  protecting,  thus  requiring  no 
separate  control  circuit. 

2 — It  furnishes  positive  action,  while  permitting 


To  Circu.l  Brcalti-T  Trip 


FIG.    2 — IMPROVED    METHOD    OF    TRIPPING    FROM    A    SERIES    CIRCUIT 

the  use  of  accurate  and  sensitive  contact-closing  relay, 
by  supplying  sufificient  voltage  to  close  the  contact  of 
the  latter  against  dirt  or  other  possible  obstruction. 

3 — As  the  action  is  due  to  the  closing  of  the  relay 
contacts  and  as  the  contacts  open  no  current  carrying 
circuit,  there  is  no  sparking,  burning  or  fusing. 

4 — It  allows  the  use  of  a  type  of  relay  combin- 
ing a  definite  maximum  time  element  on  short-circuits 
with  the  usual  inverse  time  element  on  ordinary  over- 
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FIG.    4 — DETML    VIEW    OF    SERIES    TRIPPING    DEVICE    IXST.\LLED 


FIG.    3 — OPERATINC,    MECHANISM    OF    A    WE.ST1NGH0USE    SOLENOID- 
OPERATED  CIRCUIT   BREAKER 

Showing  tlic  method  of  mounting  the  series  tripping  device. 

loads  in  places  where  separate  control  circuits  are 
dirt  or  other  resistance.  As  a  result  long  life  and  no  „ot  available,  and  thereby  decreases  the  short-circuit 
failures  on  the  part  of  the    contacts    should    be    ex-      current  which  the  circuit  breakers  must  rupture. 


Neutralizing  Transformers  and  Their  Use 

in  Telephone  Circuits 

Thomas  Shaw 

Engineering  Department, 
American   Telephone   &   Telegraph   Company 

THE  NEUTRALIZING  TRANSFORMER  discussed  in  this  paper  is  a  special  type  of  series  trans- 
former used  for  reducing  low  frequency  voltages  electromagnelically  induced  in  telephone  and  telegraph 
wires  by  adjacent  power  circuits.  The  device  is  extremely  interesting  from  a  physical  standpoint  and 
also  has  proven  of  great  practical  service  to  the  telephone  and  telegraph  companies.  It  has  reduced  to  an 
endurable  amount  induction  which  was  so  severe  and  wide-spread  as  to  threaten  to  put  out  of  use  a 
large  amount  of  telephone  plant.  While  accomplishing  such  beneficial  results,  the  device  nevertheless 
imposes  certain  limitations  and  losses  on  the  circuits  used  with  it.  This  article  discusses  the  construction 
and  operation  of  the  device,  the  valuable  results  accomplished  and  the  limitations  and  losses  imposed 
thereby. 


IN  its  present  development  the  neutralizing  trans- 
former has  multiple  primary  windings  and  mul- 
tiple secondary  windings  serially  inserted  in  the 
line  wires  of  the  disturbed  telephone  system.  The 
multiple  primary  windings  are  associated  with  a  group 
of  telephone  circuits  known  as  primary  wires,  which 
are  grotmded  at  or  near  the  geographical  limits  of  the 
disturbing  parallelism.    These  grounds  complete  a  low 


to  interurljan  electric  railroads  and  the  New  Haven 
Railroad,  a  high-potential,  low-frequency  trolley  cur- 
rent was  used,  and  the  return  current  was  allowed  to 
flow  partly  in  the  ground.  In  magnitude,  the  earth  re- 
turn current  was  from  20  to  50  percent  of  the  trolley 
current  (depending  on  the  number  of  tracks  and  the 
nature  of  the  earth),  and  its  effect  was  to  induce  volt- 
ages in  the  paralleling  telegraph  and  telephone  lines. 


impedance  circuit  for  the  induced  currents  in  the  The  magnitude  of  these  disturbances  was  found  to  be 
primary  wires  and  cause  them  to  magnetize  the  trans-  controlled  chiefly  by  the  magnitude  and  distribution 
former  core.  By  virtue  of  the  transformer  action,  of  the  ground  current,  and  the  separation  between 
electromotive  forces  are  induced  in  the  secondary  telephone  or  telegraph  wires  and  the  single-phase  rail- 
windings,  and  by  proper  connection  of  the  secondary  way.  (In  this  connection  it  is  to  be  noted  that  serious 
windings  with  telephone  and  telegraph  wires,  wdiich  inductive  disturbances  have  been  experienced  in  paral- 
are  called  secondary  wires,  these  electromotive  forces  leling  telephone  lines  five  miles  away   from   the   dis- 


are  made  to  oppose  and  reduce  the  voltages  induced 
in  these  wires  by  the  disturbing  electric  systems.  By 
virtue  of  the  choke  action  of  the  transformer  pri- 
maries, part  of  the  voltage  (90  percent  or  more)  in- 
duced in  the  primary  wires  acts  as  an  exciting  elec- 
tromotive-force for  the  transformer  primary  wind- 
ings, so  that  the  difference  of  potential  between  the 
ends  of  the  primary  wires  is  reduced  by  approximate- 
ly this  much. 

DEVELOPMENT 

The  idea  of  using  series  transformers  for  the 
purpose  of  reducing  interference  in  telegraph  and  tele- 
phone lines  was  due  to  Mr.  Chas.  F.  Scott,  and  the 
development  work  on  the  so-called  neutralizing  trans- 
formers was  carried  out  by  Mr.  Scott  and  his  as- 
sistants to  a  stage  which  warranted  experiments  on 
telephone  lines  suffering  from  inductive  disturbances. 
The  final  adaptation  of  the  neutralizing  transformer  to 
the  peculiar  requirements  of  telephone  service  was 
completed  under  the  direction  of  the  engineers  of  the 
American  Telephone  and  Telegraph  Company. 

The  principal  incentive  for  the  development  of 
the  neutralizing  transformer  occtirred  when  the  single- 
phase  distribution  system  was  proposed  for  use  on  the 
New  York,  New  Haven  &  Hartford  Railroad.  (As 
a  matter  of  fact  almost  all  of  the  existing  neutralizing 
transformer  installations  are  associated  with  telephone 
and  telegraph  wires  paralleling  the  New  Haven  Rail- 
road).    In  the  original  single-phase  system,  as  applied 


turbing  single-phase  railroad). 

The  neutralizing  transformer  was  initially  pro- 
posed for  use  on  telegraph  lines  subject  to  inductive 
disturbances.  In  its  original  conception  it  had  a  sin- 
gle primary  winding  introduced  serially  into  the  trol- 
ley ware  of  the  disturbing  railway,  and  multiple  sec- 
ondaries inserted  serially  into  the  disturbed  telegraph 
wires.  The  first  substantial  improvement  consisted  of 
the  removal  of  the  primary  winding  of  the  transformer 
from  the  disturbing  system  and  its  association  with 
primary  wires  strung  on  the  same  pole  line  as  the  dis- 
turbed telegraph  circuits,  and  hence  having  similar  ex- 
posures. The  result  of  this  change  was  to  have  the 
induced  voltages  in  the  primary  wires  at  all  times 
substantially  equal  to  those  in  the  secondary  wires,  ir- 
respective of  the  position  of  the  load  or  of  the  distri- 
bution of  the  return  current,  thus  making  it  possible 
for  the  counter  electromotive- forces  introduced  by  the 
neutralizing  transformer  in  the  secondary  wires  to  be 
more  nearly  proportional  to  the  voltages  induced  by 
the  disturbing  electric  railway,  and  thus  more  nearly 
neutralize  them. 

The  remaining  stages  of  the  commercial  develop- 
ment work  consisted  of  the  adaptation  of  the  neutral- 
izing transformer  by  the  engineers  of  the  telephone 
company  to  the  special  requirements  of  telephone  serv- 
ice. The  principal  contribution  of  the  telephone  en- 
gineers consisted  of  the  devising  of  means  for  using 
the  primary  wires  for  communication  as  well  as   tor 
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neutralizing  purposes.  Improvements  in  coil  structure 
were  also  made.  In  the  early  stages  of  development 
a  single  primary  winding  was  used.  In  order  to  get 
a  high  enough  conductivity  in  the  external  primary 
system  to  insure  satisfactory  neutralizing  action  in  the 
transformer  it  became  necessar}-  to  use  a  relatively 
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FIGS.  I  .\ND  2 — ORIGINAL  ( UPPER)  .AND  PRESENT  ( LOWER)  METH- 
OnS  OF  PROVIDING  PRIM.\RY  WIRES  FOR  NEUTR.ALIZING  SYSTEMS 
ON   TELEPHONE    LINES 

large  number  of  wires  in  parallel.  This  was  very  ob- 
jectionable because  of  the  large  reduction  in  the  num 
ber  of  circuits  available  for  commercial  telephone 
service.  By  using  multiple  primary  windings,  how- 
ever, and  by  using  the  general  principles  involved  in 
the  simplexing*  of  telephone  circuits,  it  was  found 
possible  to  use  the  primary  wires  for  telephone  pur- 
poses without,  at  the  same  time,  materially  aflecting 
their  efliciency  as  magnetizing  circuits  for  the  neutral- 
izing transformers.  Figs,  i  and  2  illustrate  this  phase 
of  development.  The  primary  wires,  however,  are  still 
not  available  for  telegraph  service,  nor  are  they  as 
efficient  for  telephone  service  as  they  would  other- 
wise be. 

GENERAL  THEORY  OF  XEUTR.'VLIZIXG  ACTIOX 

The  ideal  aimed  at  in  the  design  of  the  neutral- 
izing transformer  is  to  have  the  counter-electromotive 
force  introduced  by  it  into  the  secondary  wires  neu- 
tralize the  potential  induced  by  the  disturbing  railway 
or  power  line.  In  practice  there  will  always  be  un- 
neutralized  or  residual  voltage  in  the  secondary  wires 
for  any  or  all  of  the  following  causes: — 

I — A  phase  difference  between  the  voltage  induced  by 
the  foreign  disturbing  source  and  the  voltage  induced 
by    the   transformer    due    to    a   corresponding    phase 

*See  "The  Joint  Use  of  Wires  for  Telephone  and  Tele- 
graph Service,"  by  Mr.  H.  S.  Warren,  in  the  Journal  for 
September,  1913. 


difference  between  the  total  primary  circuit  voltafte 
and  the  voltage  acting  across  the  transformer  pri- 
mary. 

2 — .\  magnitude  difference  between  the  voltage  induced 
by  the  disturbing  source  and  the  counter-electromo- 
tive force  introduced  by  the  transformer. 

3 — \  wave  form  difference  between  the  above  mentioned 
voltages  resulting  from  the  distorting  action  of  the 
iron  in  the  transformer  core. 

4 — .\lternating-current  ground  potential  differences  be- 
tween the  primary  ground  points. 

I*^'?-  3  (3)  illustrates  the  phase  relations  in  a 
simple  neutralizing  transformer  system,  but  with  the 
actual  magnitudes  and  phase  angles  distorted  in  order 
to  clarify  the  diagram.  Let  £p,  be  the  electromotive- 
force  acting  on  the  multiple  primary  windings,  /p, 
the  primary  current  lags  behind  £p,  because  of  the  re- 
actance in  the  transformer.  As  there  is  no  appreci- 
able reactance  in  the  external  primary  system,  the  ex- 
ternal primary  drop  Sex  is  in  phase  with  the  primary 
current.  E  the  total  electromotive-force  induced  in 
the  primary  and  secondary  wires  is  the  resultant  of 
£p  and  £es-  The  potential  induced  by  the  transformer 
in  the  secondary  wires  is  approximately  180  degrees 
behind  E^,  and  differs  in  magnitude  from  E^  by  an 
amount  determined  by  the  transformation  ratio  of  the 
transformer.  It  is  shown  as  £s  in  the  diagram  in  the 
same  direction  as  £p  in  order  to  simplify  the  process 
of  determining  the  magnitude  of  the  residual  voltage 
£r.  It  will  be  apparent  from  the  diagram  that  with 
a  given  primary  system,  and  a  given  induced  e.m.f., 
there  is  a  definite  ratio  between  primary  and  second- 
ary turns  which  will  give  a  minimum  residual  volt- 
age. In  practice  this  ratio  is  not  sharply  defined  be- 
cause the  induced  e.m.f.,  and  hence  the  transformer 
impedance,  varies  over  a  wide  range.  It  wi'l 
also  be  api)arcnt  that  with  a  given  transformer  the 
residual  voltage  is  directly  proportional  to  the  imped- 
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FIG.   3 — DIAGRAMS    INDICATING   INDUCTnE   CONDITIONS   AND    RELA- 
TIONS  NE.\R  A   SINGLE-PHASE   LINE 


ance  of  the  external  primary  system.  Also,  with  a 
given  pririiary  system  the  residual  voltage  varies  in- 
versely with  the  impedance  of  the  transformer.  For 
this  latter  reason  the  iron  in  the  transformer  should 
be  worked  at  low  saturations  in  order  to  minimize  the 
core  loss  and  the  magnetizing  current. 
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The  problem  of  reducing  the  residual  voltage  in 
a  given  neutralizing  transformer  system  to  a  minimum 
value  is  principally  one  of  reducing  the  phase  differ- 
ences between  the  electromotive-force  acting  on  the 
transformer  primary  winding  and  the  total  electromo- 
tive-force induced  in  the  primary  system.  This  may 
theoretically  be  done  in  either  or  both  of  two  general 
ways  though  none  of  these  ways  has  been  used  in 
practice  in  the  telephone  plant  for  reasons  given  later. 

I— The  external  part  of  the  primary  system  may  be  de- 
signed in  such  a  way  as  to  have  approximately  the 
same  impedance  angle  as  the  transformer,  thus  mak- 
ing the  external  primary  drop  bear  the  same  phase 
relation  to  the  primary  currant  as  the  electromotive- 
force  acting  on  the  transformer.  This  can  be  done 
by  adding  properly  proportioned  inductance  coils  to 
the  external  primary  system, 

2 — The  transformer  efifective  impedance  angle  may  be 
made  to  approximate  the  impedance  angle  of  the 
external  primary  system.  This  can  be  done  by  shunt- 
ing the  transformer  primary  windings  with  conden- 
sers or  resistances,  so  proportioned  as  to  make  the 
transformer  witli  its  shunted  condensers  or  resist- 
ances approximate  the  effects  of  a  non-inductive  re- 
sistance, from  the  standpoint  of  the  primary  system 
as  a  whole.  Shunted  condensers  are  theoretically 
preferable  to  shunted  resistances,  because  of  their 
greater  effect  in  phase  adjustments.  By  choosing 
proper  values  of  capacity,  a  parallel-resonance  com- 
bination with  the  transformer  can  be  obtained,  which 
acts  like  a  pure  resistance  as  far  as  external  primary 
effects  are  concerned. 

The  use  of  phase  adjusting  devices  gives  best  re- 
sults when  the  induction  conditions  are  steady.  In 
the  practical  case,  particularly  in  single-phase  induc- 
tion, the  improvement  resulting  from  the  use  of  phase 
adjusting  devices  is  limited,  because  of  the  rapid  and 
great  variation  in  the  magnitude  of  the  induced  volt- 
age, and  because  the  adjustment  which  gives  best  re- 
sults for  one  magnitude  of  voltage  does  not  necessarily 
give  satisfactory  results  for  other  magnitudes.  Large- 
ly because  of  thes  reasons,  no  phase  adjusting  devices 
have  been  used  in  connection  with  any  of  the  neutral- 
izing transformers  now  installed  in  telephone  circuits. 

The  use  of  phase  adjusting  devices  changes  the 
magnitude  as  well  as  the  phase  of  the  electromotive 
force  acting  on  the  transformer  primary  winding. 
Thus  if  such  devices  were  used  it  would  become 
necessary  to  adjust  the  transformation  ratio  of  the 
transformer,  in  order  to  obtain  the  best  neutralizing 
action.  With  series  inductances  or  parallel  resist- 
ances a  larger  ratio  would  be  needed  than  with  no 
phase  adjusting  device.  In  this  latter  case  a  voltage 
ratio  (secondary  to  primary)  of  about  ten  to  nine  is 
commonly   required. 

Fi&-  3  (b)  illustrates  the  phase  relations  of  the 
potentials  and  currents  when  the  primary  system  is 
influenced  by  alternating-current  ground  potentials. 
The  total  potential  E  is  induced  in  the  primary  and 
secondary  wires,  90  degrees  behind  the  trolley  cur- 
rent. The  ground  potential  drop  £g  is  in  phase  with 
the  ground  current,  and  approximately  180  degrees 
behind  the  trolley  current.  The  resultant  of  E  and 
£g  is  £t,i-  e.,the  total  electromotive-force  acting  in  the 
primary  system.  The  primary  current  is  /p.  As  there 
is   no   appreciable   reactance   in  the   external   primary 


system,  the  external  drop  £ox  is  directly  in  phase  with 
/„.  Subtracting  £ex  from  £t  we  get  £p,  the  potential 
impressed  upon  the  primary.  £s  is  the  electromotive- 
force  induced  by  the  transformer  in  the  secondary 
wires  (rotated  approximately  180  degrees  from  its 
true  position),  and  £r  is  the  unneutralized  or  residual 
\  oltage  in  the  secondary  wires.  It  will  be  noted  that 
the  residual  voltage  in  the  secondary  wires  may  be 
less  than  the  alternating-current  ground  potential  act- 
ing between  the  primary  ground  points.  Also,  it  will 
be  noted  that  in  this  case  the  residual  voltage  can  be 
reduced  by  increasing  the  phase  difference  between 
the  voltage  acting  on  the  primary  winding  and  the 
total  e.m.f.  acting  in  the  primary  system. 

DESIGN    OF    NEUTR.\LIZING    TRANSFORMER    SYSTEMS 

Having  reviewed  the  general  theory  underlying 
the  action  of  the  neutralizing  transformer,  we  are  now 
in  a  position  to  consider  the  questions  affecting  the 
detailed  design.  In  this  connection  it  can  be  stated 
that  neutralizing  transformers  are  designed  with  spe- 
cial reference  to  the  particular  telephone  system  with 
which  they  are  to  be  employed.  The  reasons  for  this 
will  be  evident  from  the  discussion  below. 

The  electrical  proportions  of  the  transformer 
itself  greatly  depend  upon: — 

A — Whether  or  not  superposed  telegraph  service  is  in- 
volved. 

B — The  magnitudes  of  the  total  induced  voltages. 

C — The  resistance  of  the  primary  system  external  to  the 
transformers. 

D — The  number  of  circuits. 

A — When  the  secondary  wires  are  used  for  simul- 
taneous telephone  and  telegraph  working  it  is  neces- 
sary to  design  the  neutralizing  transformers  and  the 
associated  system  in  such  a  manner  that  the  residual 
voltage  in  the  secondary  wires  will  not  interfere  with 
telegraph  service.  It  has  been  found  sufficient  to  set 
this  limit  at  about  15  volts  for  the  telegraph  service 
which  has  been  involved  in  the  existing  installations. 
When  the  telephone  toll  lines  are  used  solely  for 
telephone  business,  the  neutralization  requirements 
are  less  severe  since  larger  unneutralized  voltages  may 
be  tolerated  so  long  as  they  do  not  reach  magnitudes 
which  bring  in  hazard  to  employes,  involve  appreci- 
able danger  to  the  equipment,  or  result  in  excessive 
maintenance  due  to  the  operation  of  the  standard  pro- 
tecti\-e  devices,  which  usually  ground  the  circuits  in 
the  course  of  their  normal  operation  and  make  them 
temporarily  unavailable  for  commercial  service.  These 
considerations  have  resulted  in  the  compensating 
transformer  systems  being  so  designed  for  such  cases 
that  in  times  of  short  circuit  or  other  abnormal  con- 
ditions in  the  disturbing  system,  the  induction  in  the 
telephone  circuits  is  not  substantially  over  100  volts. 
This  limit  moreover  has  to  be  reduced  in  exchange 
districts  where  inductive  disturbances  of  lower  mag- 
niti-des  prevent  the  use  of  grounded  signaling  sys- 
tems •  where  the  disturbing  current  brings  in  noise 
induction. 

Regarding  efficiency  of    neutralization,  the    best 
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performance  recorded  for  neutralizing  transformers 
in  the  plant  of  the  telephone  company  was  approxi- 
mately a  95  percent  reduction  for  induced  voltages  in 
the  neighborhood  of  200  volts,  for  which  voltage  the 
multi-transformer  installation  had  been  designed.  At 
substantially  lower  voltages  the  neutralizing  efficiency 
of  this  particular  system  was  approximately  90  per- 
cent, and  at  higher  voltages  very  much  less  than  90 
percent.  The  above  results  were  obtained  under  the 
most  favorable  conditions  with  respect  to  saturation 
effects  of  the  telegraph  currents  superposed  on  the  tel- 
ephone w-res,  i.  e.,  the  polarities  of  the  telegraph  bat- 
teries were  so  arranged  that  substantially  half  of  the 
telegraph  currents  were  flowing  in  one  direction  and 
half  in  the  opposite  direction,  thus  having  approxi- 
mately a  neutral  effect  on  the  transformer  core.  In  the 
ordinar)'  commercial  conditions,  which  involve  duplex 
telegraph  service  superposed  on  the  telephone  wires, 
the  saturation  effects  of  telegraph  currents  prevent  the 
neutralizing  transformers  from  working  at  their  max- 
imum efficiency,  since  it  is  impracticable  to  balance  the 
polarities  of  duplex  telegraph  circuits  with  respect  to 
their  magnetizing  effects  upon  the  core  of  the  neutral- 
izing transformer. 

For  ver\-  high  induced  voltages  it  is  very  difficult 
to  obtain  a  satisfactory  neutralization.  As  the  induced 
voltages  become  higher,  so  must  the  efficiencj'  of  neu- 
tralization increase  in  order  to  meet  the  service  re- 
quirement expressed  in  the  opening  paragraph  under 
item  A,  and  it  is  very  difficult  to  obtain  an  efficiency 
greater  than  90  to  95  percent.  When  the  induction  is 
in  the  order  of  magnitude  of  i  000  volts,  and  the  effi- 
ciency of  neutralization  in  the  order  just  mentioned, 
it  is  easily  understood  that  the  residual  voltages  will 
be  large  enough  to  interfere  with  telegraph  operation. 
This  has  actually  occurred  in  a  telegraph  line  subject 
to  verj'  severe  interference  from  a  paralleling  single- 
phase  railway.  At  times  of  daily  recurring  peaks  in- 
volving values  of  approximately  i  000  volts,  telegraph 
operation  on  that  line  has  had  to  be  temporarily  dis- 
continued for  short  periods  during  the  persistence  of 
heavy  loads  because  of  the  high  residual  voltage  val- 
ues. 

B — The  magnitude  of  the  total  induced  voltage 
is  the  factor  which  determines  the  number  of  trans- 
formers to  be  used  in  a  given  s\-stem,  and  hence  the 
voltage  rating  of  the  individual  transformers.  From 
the  standpoint  of  insurance  it  is  desirable  to  have  at 
least  two  transformers  in  series  in  each  important  sys- 
tem. From  a  hazard  standpoint  it  is  desirable  to  have 
enough  transformers  in  a  given  system  to  insure  that 
the  potential  to  ground  at  any  one  point  will  not  be 
large  enough  to  endanger  the  safety  of  the  employees 
■working  on  the  circuits  or  the  subscribers  using  the 
circuits.  In  this  connection  it  is  to  be  noted  that  if 
there  are  .V  similar  transformers  evenly  spaced  in  a 
system  having  a  uniform  exposure,  the  maximum  po- 
tential to  ground  will  be  one  over  sN  times  the  maxi- 
mum potential  obtained  in  the  absence  of  the  neutral- 


izing transformers.  This  maximum  potential  is  loca- 
ted at  the  transformer  terminals.  The  above  consid- 
erations result  in  the  transformers  being  designed  to 
handle  a  maximum  of  not  over  150  volts  each. 

C — The  resistance  of  the  external  primary  sys- 
tem— i.  e.,  the  primary  telephone  wires  in  parallel — 
has  a  ver\-  important  reaction  on  the  electrical  dimen- 
sions of  neutralizing  transformers.  In  order  to  obtain 
a  high  efficiency  of  neutralization  it  is  necessarj'  to 
have  the  transformer  primarj'  impedance  high  in  com- 
parison with  that  of  the  primarj-  wires.  It  is  not  usu- 
ally practicable  to  get  an  external  primarj^  of  very  low 
resistance  for  reasons  given  below,  and  therefore  it  is 
necessarj'  to  use  high  impedance  transformers. 

The  resistance  of  the  external  primary  system 
is  determined  largely  by  the  length  of  the  system  and 
the  size  of  the  telephone  wires,  for  there  is  a  prac- 
tical commercial  limit  to  the  number  of  wires  which 
may  be  used  in  parallel,  because  of  the  reduced  flex- 
ibility of  the  telephone  system  as  explained  in  section 
F,  of  the  discussion  of  the  limitations  of  neutralizing 
transformers.  In  existing  transformer  systems  in  the 
telephone  plant,  the  total  external  primary  resistances 
var}-  from  about  50  to  about  100  ohms. 

D — The  electrical  and  mechanical  design  of  the 
individual  neutralizing  transformer  is  also  influenced 
by  the  number  of  circuits  in  the  disturbed  telephone 
system.  Questions  of  size  and  cost  have  limited  the 
transformer  capacity  to  about  30  telephone  circuits  (60 
wires).  The  matter  of  senice  protection  also  comes 
in.  On  general  principles  it  is  inadvisable  to  have  a 
large  number  of  circuits  associated  with  a  single  trans- 
former, since  a  failure  of  the  transformer  would  be 
most  disastrous  in  disorganizing  the  telephone  and 
telegraph  traffic. 

General — After  the  requirements  with  respect  to 
efficiency  of  neutralization,  voltage  rating  and  number 
of  telephone  circuits  to  be  handled  by  the  transformer 
have  been  established,  and  after  the  external  primary 
impedance  has  been  determined,  the  detail  design  of 
the  transformer  proceeds  much  on  the  same  basis  as 
ordinary  transformer  design.  One  important  differ- 
ence arises  from  the  fact  that  the  neutralizing  trans- 
former operates  practically  all  the  time  at  very  light 
loads,  i.  e..  very  nearly  in  the  no  load  condition.  If 
the  neutralization  were  complete,  the  only  (low  fre- 
quency) current  flowing  in  the  system  would  be  the 
e.xciting  current  in  the  primary  wires.  A  further  im- 
portant dift"erence  is  due  to  the  fact  that  neutralizing 
transformers  have  to  be  designed  to  work  over  a  wide 
voltage  range.  The  voltage-current  charts  illustrated 
in  Fig.  3  (a)  and  (b)  are  ven,-  useful  in  the  de- 
tail design  work. 

In  the  design  of  neutralizing  transformer  sys- 
tems, the  primary  grounding  points  are  located  with 
reference  to  the  terminal  of  the  telegraph  circuits 
carried  on  the  secondary  wires  and  also  with  refer- 
ence to  the  geographical  limits  of  the  zone  of  dis- 
turbance.    It  is  practicable  to  have  telegraph  circuits 
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terminated  at  or  beyond  the  points  where  the  primary 
wires  are  grounded,  but  it  is  not  practicable  to  have 
telegraph  circuits  terminated  at  points  interm.ediate 
between  the  primary  grounds.  Such  conditions  would 
necessarily  result  in  different  voltages  being  induced 
in  the  primary  wires  and  the  intermediate  telegraph 
circuits  by  the  disturbing  system  as  a  result  of  the 
different  exposures,  and  consequently  the  neutralizing 
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FIG.    4 — TYPIC.\L    .\RR.\NGE.MENTS    OF    COII.S    IN    \     NEUTR.\LIZIXC 
TRANSFORMER 

P— primary;  5— secondary  ;  P/i.S'— phantom  secondary, 
transformers  would  over-compensate  the  induction  in 
the  intermediate  telegraph  circuits. 

In  neutralizing  transformer  systems  associated 
with  cable  circuits,  the  primary  grounding  points  are 
located  in  central  offices  near  the  geographical  limits 
of  the  disturbing  parallelism,  and  the  transformers 
themselves  are  installed  in  central  offices. 

In  open  wire  lines,  the  transformers  may  be 
mounted  on  poles,  or  buried  in  the  ground  near  the 
foot  of  a  pole.  In  such  cases  the  terminal  leads  are 
carried  in  a  lead  covered  cable  to  a  distributing  box 
on  the  pole,  where  connections  are  made  to  the  line 
wires.  This  distributing  box  is  also  fitted  with  pro- 
tective apparatus  for  the  transformer  coils.  The  sim- 
plex retardation  coils  used  in  establishing  the  primary 
grounds  are  mounted  in  offices  or  in  weatherproof 
boxes  on  poles  specially  selected  with  reference  to  the 
possibility  of  obtaining  low  resistance  grounds,  while 
meeting  the  more  general  requirements  noted  above. 

COXSTRUCTIOX.XL  DET.MLS 

The  neutralizing  transformers  are  made  with 
silicon  steel  cores.  The  smallest  commercial  neutral- 
izing transformers  now  in  use  are  built  uji  on  stand- 
ard 10  kw  cores,  and  the  largest  on  25  kw  cores. 
Each  leg  of  the  core  has  half  the  total  nunilier  of 
primary  and  secondary  coils, — the  primary  coils  being 
spaced  evenly  along  the  core  so  as  to  approximate  the 
magnetizing  eft'ect  of  a  single  distributed  primary 
winding.  In  transformers  having  8  primary  coils  and 
22  secondary  coils,— thus  having  a  total  of  15  coils 
on  each  leg, — the  primary  coils  occupy  the  third,  sixth, 
tenth  and  thirteenth  positions  on  each  leg.  Typical 
coil  arrangements  are  shown  in  Fig.  4. 

The  structure  of  the  individual  coils  depends 
upon  the  type  of  telephone  circuits  with  which  the 
neutralizing  transformer  is  to  be  used.  When  re- 
quired for  ordinary  metallic  telephone  circuits,  each 
coil  mav  have  a  twin  winding  such  as  is  illustrated  in 


Fig.  5,— the  A  wire  of  the  pair  occupying  the  odd 
positions  in  each  odd  layer  and  the  even  positions  in 
each  even  layer,  its  mate  the  B  wire  occupying  the 
even  positions  in  the  odd  layers  and  the  odd  positions 
in  the  even  layers.  This  construction  gives  a  high 
grade  of  balance  because  of  the  close  interleaving  of 
the  windings,  but  it  results  in  a  large  mutual  capacity 
which  is  very  objectionable  from  a  telephone  trans- 
mission standpoint.  In  some  of  the  transformers  now 
in  service  the  mutual  capacity  of  each  telephone  coil 
is  equivalent  to  that  of  about  0.25  mile  of  the  tele- 
phone cable  circuit  with  which  it  is  associated.  The 
direct-current  resistance  per  line  winding  varies  from 
about  five  to  eight  ohms. 

The  primary  coils  are  constructed  in  the  same 
general  way  as  the  secondary  coils,  except  that  taps 
are  brought  out  near  the  terminals  of  the  primary 
windings  in  such  a  way  as  to  give  the  voltage  trans- 
formation ratio  which  previous  calculations  have 
shown  to  be  most  desirable.  This  ratio  (working 
primary  turns  to  secondary  turns)  is  ordinarily  in  the 
order  of  nine  to  ten.  The  primary  coil  construction 
just  described  adds  to  the  flexibility  of  the  transform- 
er, since  those  coils  which  are  not  actually  required 
for  use  as  working  primary  coils  may  be  used  as 
secondarv  coils,  ^^'hen  a  neutralizing  transformer  is 
designed  for  use  in  systems  of  widely  dift'ering  char- 
acteristics it  is  sometimes  of  advantage  to  have  more 
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FTC.    5 — METHOD   OF   INTERLE.WING   PRIM.^RY    AND    SECONDARY 
WINDINGS  TO  OBTAIN  A  CLOSE  B.\LANCE  BETWEEN   THE  TWO 
FIG.     6 — SECTIONALIZED     TRANSFORMER     WINDING 

than  one  set  of  primary  taps  brought  out  so  as  to  give 
a  series   of   dift'erent   transformation  ratios. 

A\'hen  the  neutralizing  transformer  is  designed 
for  use  in  connection  with  phantom*  telephone  cir- 
cuits, it  is  necessary  to  use  a  type  of  construction  in 


*By  proper  construction  and  terminating  methods,  it  is 
possible  to  establish  three  independent  telephone  circuits  on 
four  wires.  Two  of  the  circuits  are  on  a  simple  metallic  two- 
wire  basis,  and  are  known  as  "side  circuits"  because  of  the 
fact  that  with  their  two  wires  in  parallel  they  each  serve  as 
a  side  for  the   (four-wire)   phantom  circuit. 
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tlif  transfonncr  coils  wliicli  will  not  result  in  the 
pliaiitoni  circuit  bcconiiuj^  unbalanced  in  passing 
through  the  transformer.  The  simplest  construction 
which  gives  the  necessary  degree  of  balance,  involves 
the  use  of  a  single  quad  cable  made  up  of  two  pairs 
of  wires  twisted  about  one  another,  so  as  to  minimize 
crosstalk",  or  overhearing,  between  the  circuits  so  as- 
sociated. This  construction  also  results  in  a  large 
mutual  capacity,  which  causes  relatively  large  trans- 
mission losses  in  the  telephone  circuits. 

In  neutralizing  transformer  installations  where 
large  expenses  are  w'arranted  in  reducing  the  telephone 
transmission  losses  in  the  transformers,  an  improved 
coil  structure  may  be  used.  This  improved  construc- 
tion makes  use  of  sectional  windings  arranged  in  the 
manner  illustrated  in  Fig.  6.  By  careful  manufacture 
and  assembly  of  the  sectional  windings  a  good  degree 
of  balance  can  be  obtained,  and  at  the  same  time  the 
mutual  capacity  to  the  associated  telephone  circuit  is 
reduced  to  a  small  amount.  Sectional  windings  may 
also  be  advantageously  used  in  transformer  coils  for 
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phantom  circuits.  Coils  for  phantom  circuits  and  non- 
duplex  or  simple  two-wire  circuits  may  be  used  on 
the  same  transformer  without  serious  mutual  interfer- 
ence. Electromagnetic  shields  are  required  when  sec- 
tional windings  are  used. 

Dielectrically,  the  coils  are  so  constructed  that 
they  may  be  afforded  protection  by  the  standard  pro- 
tective devices.  Some  difficulty  is  involved  in  obtain- 
ing satisfactory  dielectric  strength  in  transformers  de- 
signed for  open  wire  lines,  and  hence  exposed  to  light- 
ning disturbances. 

The  assembled  transformer  is  usually  mounted 
in  the  pole  type  of  case  and  weighs  from  about  300 
to  about  I  500  pounds,  depending  on  tlie  size.  The 
terminals  of  the  coils  are  brought  out  by  means  of  a 
lead  covered  cable  wdiich  emerges  from  the  case  at  a 
point  near  the  top  of  the  cover.  The  conductors  in 
the  terminal  cable  are  insulated  with  a  combination 
of  silk  and  cotton  servings,  and  sometimes  also  with 
an  enamel  film  under  these  fiber  servings.  The  con- 
ductors are  paired  or  quadded  to  correspond  with  the 
structure  of  the  coils ;  i.  e.,  pairs  are  used  in  the  termi- 
nal cable  for  leading  out  the  two  wires  of  a  (non-du- 


plex) two-wire  coil,  and  quads  for  leading  out  the 
term-nals  of  the  phantom  coils  (four-wire  coils j. 

In  order  to  simplify  the  installation  work  and  as- 
sist in  the  maintenance  work,  the  wires  in  the  terminal 
cable  are  colored  in  accordance  with  a  standard  color 
scheme.    A  satisfactory  color  scheme  must  distinguish 
I — Between  the  wire  and  mate  in  each  coil. 
2 — Between   primary   and    secondary  coils,   and   between 

2-wire  and  4-wire  coils. 
3— Between  the  primary  coils   in  the   different   positions 

on  the  legs  of  the  transformer  core,  and 
4 — Between  the  main  terminals  and  the  taps  of  the  pri- 
mary  coils. 

Representative  color  schemes  which  meet  the  above 
requirements  are  shown  in  Fig.  7.  The  purpose  of  re- 
quirement 3  is  to  make  it  possible  to  get  the  best  dis- 
trilmtion  of  primary  coils,  when  less  than  the  maxi- 
mum number  are  required  for  primary  purposes. 

],IMITATI0\S    OF    THE    USE    OF    NEUTR.\LIZIXG 
TRANSFORMERS 

The  more  important  of  the  limitations  of  the  neu- 
tralizing transformer  as  a  neutralizing  device,  and  the 
limitations  imposed  by  it  upon  the  associated  tele- 
phone and  telegraph  circuits  are  listed  and  described 
below.  The  order  in  this  list  is  not  necessarily  that 
of  relative  importance. 

A — The  relief  from  inductive  disturbances  is  not  com- 
plete. 

B — The  scheme  is  ineffective  for  reducing  noise  disturb- 
ances. 

C — It  is  impracticable  for  an  exchange  plant. 

D — The  telegraph  transmission  is  impaired. 

E — The  telephone  transmission  is  impaired. 

F — Partial  abandonment  of  the  plant  is  required,  in  re- 
spect to  superposed  telegraph  service. 

A — The  use  of  the  neutralizing  transformer  as  a 
remedial  device  is  limited  to  the  reduction  of  voltages 
induced  electro-magnetically  in  telephone  or  telegraph 
wires  by  low  frequency  power  systems.  The  inductive 
relief  is  chiefly  confined  to  disturbances  at  the  funda- 
mental frequency  and  has  never  been  in  the  nature  of 
a  complete  relief,  i.  e.,  residual  voltages  are  always 
left  on  the  w'ires.  If  the  induction  is  very  severe, 
the  residual  voltages  as  previously  noted  may  be  great 
enough  to  interfere  with  telegraph  service. 

B — Theoretically,  the  neutralizing  transformer 
has  possibilities  in  reducing  certain  types  of  noise  trou- 
bles, but  in  other  types,  none  at  all.  In  commercial 
practice,  however,  neutralizing  transformers  have  not 
in  any  case  proved  to  be  effective  for  eliminating  noise 
disturbances. 

C — The  use  of  neutralizing  transformers  in  the 
telephone  plant  is  practically  limited  to  toll  lines  and 
cables.  They  are  not  practicable  for  use  in  the  ex- 
change plant  (subscribers'  lines,  etc.),  because  of  the 
great  expense  involved — i.  e.,  the  cost  of  the  very 
large  number  of  transformers  required  and  the  cost  ot 
providing  primarv-  wires  and  associated  apparatus.  In 
the  above  connection  it  is  to  be  noted  that  at  times  of 
abnormal  load — such  as  short-circuits — disturbances 
are  introduced  into  large  numbers  of  subscribers'  lines 
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in  cities  or  towns  through  which  single-phase  electric 
railways  pass.  These  disturbances  manifest  them- 
selves by  interfering  with  the  selective  signaling  sys- 
tems, and  in  some  cases  they  operate  the  telephone 
protectors  and  ground  the  lines,  thus  rendering  com- 
munication impossible  until  repairs  are  made. 

D — From  the  standi)oint  of  the  telegraph  service 
superposed  on  telephone  wires,  the  neutralizing  trans- 
former is  objectionable  because  of  its  effects  in  slow- 
ing down  the  telegraph  signals  and  because  of  the 
increased  crossfire  between  telegraph  circuits  carried 
in  the  same  cable  or  pole  line.  The  first  effect  is  due 
directly  to  the  impedance  inserted  in  the  telegraph 
circuits  by  the  transformer  windings.  The  second 
effect  is  due  to  the  mutual  inductance  between  the 
windings  of  the  transformer.  These  effects  are  espe- 
cially serious  upon  the  high-speed  systems,  such  as  are 
now  operated  by  telegraph  companies. 

E — The  neutralizing  transformer  coils  add  resist- 
ance and  capacity  to  the  associated  telephone  cir- 
■cuits  and  thereby  reduce  the  telephone  trans- 
mission efficiency.  (No  appreciable  inductance  is 
added  to  the  telephone  circuit  because  of  the  non-in- 
ductive association  of  the  transformer  windings  in 
the  two  sides  of  the  circuit.)  An  additional  transmis- 
sion loss  is  introduced  into  each  primary  telephone 
circuit  by  the  coils  used  in  establishing  the  primary 
grounds.  The  transmission  losses  resulting  from  the 
above  causes  are  especially  important  on  long  distance 
telephone  circuits. 

F — The  use  of  neutralizing  transformers  forces 
the  abandonment  of  superposed  telegraph  service  on 
the  primary  wires,  which  comprise  20  percent  or  more 


of  the  wires  passing  through  the  transformers,  and 
restricts  the  speed  of  the  telegraph  service  over  the 
secondary  wires. 

The  use  of  primary  wires  as  telegraph  circuits 
is  prevented  by  the  simplex  grounds  previously  re- 
ferred to,  which  are  required  when  the  interference 
is  at  25  cycles  or  thereabouts.  With  higher  frequen- 
cies (for  instance  60  cycles)  it  might  be  possible  to 
use  resonant  circuits  in  grounding  the  primary  wires, 
thus  avoiding  conductive  grounds  on  the  circuits  and 
preserving  the  through  conductivity  on  the  line  wires 
which  is  necessary  for  telegraph  working.  Resonant 
grounding  devices  at  25  cycles,  however,  have  proved 
to  be  impracticable  for  the  reason  that  they  are  also 
near  resonance  for  the  telegraph  currents,  the  result 
being  that  the  telegraph  signals  are  distorted  and  a 
large  fraction  of  the  telegraph  current  is  diverted  to 
ground  by  the  devices  used  in  establishing  the  pri- 
mary grounds. 

In  conclusion  it  may  be  stated  that  while  neutral- 
izing transformers  afford  means  for  greatly  reducing 
moderate  amounts  of  low  frequency  induction,  the 
limitations  and  disadvantages  of  such  transformers 
prevent  their  constituting  a  primary  protection  against 
induction  interference.  Hence  it  is  necessary,  in  the 
case  of  alternating-current  railways,  to  work  out  care- 
fully the  methods  of  distributing  power  to  the  trains 
so  that  inductive  disturbances  are  prevented  so  far 
as  possible.  \\"hen  this  is  done,  neutralizing  trans- 
formers have  a  legitimate  and  important  field  in  pro- 
tecting telephone  and  telegraph  service  against  inter- 
ference by  remanent  effects. 


A  Quality  Test  for  Sheet  Insulation 


IN  THE  COURSE  of  development  of  a  new  type 
of  sheet  insulation,  it  became  apparent  that  no 
means  of  accurate  discrimination  in  quality  be- 
tween closely  similar  samples,  was  at  hand.  This  was 
found  to  be  the  case  after  careful  trials  of  the  test  for 
dielectric  strength  and  for  insulation  resistance.  The 
former  test,  while  satisfactory  as  a  comparative  test 
for  samples  of  quite  dift'erent  materials,  or  as  a  routine 
inspection  test  for  failures  in  a  standard  process,  is 
not  exact  and  does  not  repeat  closely  for  a  number  of 
samples  made  by  a  common  process.  Furthermore, 
the  insulation  being  developed  was  intended  for  use 
on  voltages  much  below  its  breakdown  strength. 

The  resistance  tests  gave  values  uniformly  very 
high;  the  observed  heating  of  the  material  could  not 
be  caused  by  the  minute  watt  loss  due  to  leakage 
through  the  dielectric  resistance.  It  was  found  that 
the  quality  could  be  roughly  judged  by  the  tempera- 
ture rise  under  given  conditions ;  but  such  tests  con- 
sume a  great  amount  of  time  and  to  be  corlclusive 
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must  be  pushed  to  a  point  where  the  sample  is  perma- 
nentlv  injured;  hence  the  eft'ect  of  subsequent  treat- 
ments such  as  vacuum  drying,  heating  or  the  like,  can- 
not be  determined.  The  rise  of  temperature  which 
occurs  in  these  samples  must,  of  course,  be  due  to 
watt  loss  in  the  sample;  hence  it  was  thought  that  a 
measurement  of  this  loss  would  aft'ord  the  desired  in- 
formation. 

It  was  recognized  at  the  outset  that  the  testing 
method  finally  adopted  would  not  be  commercial  in 
nature.  This  was  obvious  because  of  the  small  power 
loss  in  the  samples,  due  both  to  their  small  size  and  to 
their  low  power-factor.  The  samples  submitted  were 
such  that  the  conducting  area  would  not  much  exceed 
225  square  inches  and  their  thickness  was  not  less 
than  one-tenth  inch.  At  a  specific  inductive  capacity 
of  four,  the  capacity  of  a  sample  of  this  size  is  rough- 
ly 0.002  microfarad.  If  tested  at  10  000  volts 
(R.jM.S),  60  cycles,  the  charging  energy  or  product  of 
volts  by  total  current  would  be  75  volt-amperes  or 
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0.075  k.v.a.  At  one  percent  power-factor,  which 
would  be  an  average  value  for  samples  such  as  those 
to  1)6  tested,  the  loss  would  be  only  0.75  watt.  Hence 
any  commercial  wattmeter  test  is  quite  out  of  the 
question.  Calorimeter  tests  would  not  answer  the 
purpose,  because  the  main  desire  was  to  be  able  to 
obtain  curves  of  watt-loss  with  time  of  application  of 
voltage  rather  than  integrated  losses  over  a  consider- 
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KIG.    I — THE   BRIDGE    METHOD    OF    COMP.\RIXG    CAPACITIES 

able  time.  Static  wattmeter  tests,  while  possible  and 
quite  accurate  on  large  quantities  of  insulation,  would 
be  of  little  value  here  because  of  difficulty  in  getting 
accurate  knowledge  of  the  ratio  between  line  voltage 
and  the  fraction  thereof  which  is  appli<:d  to  the  needle 
of  the  wattmeter ;  also  the  insulation  of  the  wattmeter 
itself  would  be  a  serious  problem. 

As  this  disposes  of  the  commercial  methods  of 
measuring  power  loss,  it  was  seen  that  a  more  or  less 
delicate  laboratory  test  would  to  be  required,  and  for 
obvious  reasons  efforts  were  directed  towards  de- 
veloping a  null  rather  than  a  deflection  method. 

BRIDGE    METHODS    OF    COMPARING    THE    CAPACITY    AND 
POWER-FACTOR   OF    TWO    CONDENSERS 

Let  two  condensers  be  connected  in  a  closed  cir- 
cuit with  two  resistances  as  in  Fig.  i.  Let  alternating 
potential  be  applied  at  points  hn;  and  a  detector  of 
some  sort  be  connected  at  points  no.  If  there  is  no 
energ}-  loss  in  either  condenser,  or  if  such  energy  loss 
produces  equal  power-factors  in  the  condensers,  the 
detector  g  will  indicate  no  current  when  the  following 
relation  holds : 

c   _  R  ,  , 

In  practice,  however,  there  will  be  energy  losses 
in  both  condensers,  and  they  will  not  have  equal 
power-factors.  This  means  that  the  phase  difference 
between  current  and  voltage  across  In  will  not  equal 
that  across  lo,  hence  there  will  be  an  alternating  cur- 
rent through  g,  whether  equation  (i)  holds  or  not. 
In  this  case  it  will  not  be  possible,  by  the  simple  cir- 
cuit shown  in  Fig.  i,  to  obtain  a  null  reading  in  g. 
There  are  several  means  of  correcting  for  this  differ- 
ence of  power-factor  of  the  two  condensers.  Assume 
that  the  condenser  C  has  more  nearly  zero  power- 
factor  than  the  condenser  c.  Then  the  current  in  the 
branch  In  lags  behind  that  in  lo,  w'hile  those  in 
branches  nm  and  om  are  in  phase.  To  reduce  tlie  de- 
flection of  g  to  zero,  we  may  either 

I — Retard  the  phase  of  current  in  lo. 
2 — Retard  the  phase  of  current  in  nm. 
3 — Advance  the  phase  of  current  in  om. 

Method  I  may  be  theoretically  accomplished  by 

inserting  resistance   in  series  or  in   parallel   with   C. 

iMethod  2  may  be  accomplished  by  inserting  inductance 


in  series,  or  in  parallel  with  r.  Method  j  may  be  ac- 
complished by  inserting  capacity  in  series  or  in  paral- 
lel with  R.  The  above  described  methods  of  obtain- 
ing balance,  by  retarding  the  phase  of  current  in  lo 
or  in  nm,  are  usually  known  as  the  series  or  parallel 
resistance  or  inductance  methods  of  compensating.* 
Obviously  when  the  current  through  g  has  by  any 
method  been  brought  to  zero,  the  difference  in  phase 
angle  between  circuits  nm  and  om  equals  that  between 
circuits  /;/  and  lo.  Hence  if  three  of  these  phase 
angles  are  known,  the  fourth  can  be  computed. 

The  next  step  was  the  choice  of  methods  of  com- 
pensation. A  glance  at  the  values  of  capacity  and 
power-factor  to  be  expected  in  the  samples,  shows 
that  neither  the  series  resistance  nor  the  parallel  re- 
sistance methods  can  be  used,  because  the  resistance 
required  would  be  extremely  high — above  50000 
ohms — and  must  be  accurate  and  free  from  residual 
capacity.  The  series  capacity  and  parallel  inductance 
methods  could  not  be  used  for  a  similar  reason — pro- 
hibitive size  and  cost  of  condensers  or  choke  coils. 
This  leaves  open  only  the  series  inductance  method  and 
the  parallel  capacity  method,  or  combinations  of  these 
two.  The  series  inductance  method  is  theoretically  to- 
be  preferred  since  the  adjustment  may  be  made  con- 
tinuous, and  a  balance  can  be  quickly  obtained.  One 
difficulty  is  that  the  alternating-current  resistance  of 
the  coils  used  must  be  known  and  must  be  included 
in  the  value  taken  for  r ;  this  could  have  been  provided 
for,  but  the  reason  for  finally  discarding  this  method 
was  the  presence  of  considerable  stray  fields  of  syn- 
chronous frequency,  which  made  the  results  unreliable, 

PAR,\LLEL    CAPACITY    POWER-FACTOR    BRIDGE 

The  arrangement  finally  adopted  is  shown  dia- 
grammatically  in  Fig.  2.  In  this  figure,  C  represents 
a  condenser  of  known  and  variable  capacity,  and  K  a 
standard  subdivided  microfarad,  the  power-factors  of 
C  and  K  being  known.  R  and  r  represent  non-induc- 
tive resistances,  and  c  the  condenser  to  be  tested.  This 
latter  consists  of  the  insulation  sample,  held  between 
two  conducting  surfaces.  An  Einthoven  string  gaJ- 
\anometer  is  represented  by  g. 


FIG.    2 — THE    PARALLEL    CAPACITY    POWER-FACTOR    BRIDGE 

The  routine  of  making  a  test  is  as  follows :  Con- 
nections are  made  as  in  Fig.  2,  alternating  current  of 
proper  voltage  and  frequency  being  applied  at  points 
Im.  With  K  disconnected,  resistances  r  and  R  are 
varied  until  a  minimum  deflection  is  read  on  g.  Then 
C  is  adjusted  until  r  and  R  are  as  nearly  equal  and  as 
large  as  possible  when  the  deflection  of  r;  is  a  mini- 
mum.    Then   K  is   connected   as   shown,   and   varied 


*These  methods  are  fully  described  by  Grover  in  the  Bul- 
letin of  the  Bureau  of  Standards,  Vol.  3^  No.  3,  1907. 
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until  a  second  inininuim  is  obtained  on  g.  Retaining 
K  at  above  value,  the  values  of  R  and  r  are  slightly 
altered  in  succession,  until  a  third  minimum  deflection 
is  found.  This  final  deflection  may  be  made  as  small 
as  desired,  by  dividing  R  and  r  into  sufficiently  small 
steps.  When  a  satisfactory  balance  has  been  secured, 
the  values  of  K,  r,  R  and  C  are  read,  and  the  phase 
angle  of  condenser  C  is  found  as  follows: — 

Br-  e,=  Gc-  e, (2^* 

where  ©r  =  tan  "^  2r.  fKR 

©r  =  0     )  .        . 

""         to  a  close  approximation. 


and 

Be 

= 

? 

1 

Hence  6. 

= 

T 

Or 

or 

tan 

e. 

= 

cot 

Or 

^         (2)a 

1'-  f  RK  ^    ' 

The  percent  power-factor  of  the  sample  is  then 

100  cos  dc- 

APPAR.VTUS    AND    REFINEMENTS 

The  resistances  denoted  by  7?  and  r,  were  con- 
structed after  designs  calculated  so  that  the  residual 
constants  of  inductance  and  capacity  should  balance 
at  a  frequency  of  60  cycles.  \cr\  litde  trouble  has 
been  traced  to  these  residuals.  The  standard  capacity 
C,  is  an  air  condenser  of  the  parallel  plate  type,  spe- 
cially constructed  for  high  insulation  resistance.  This 
condenser  is  subdivided  into  50  divisions  of  0.002 
microfarads  each,  which  are  independently  insulated 
to  withstand  15000  volts,  so  that  the  capacity  of  C 
may  be  adjusted  to  approximate  equality  with  that  of 
c,  over  a  wide  range.  The  condenser  A'  is  a  standard 
mica  subdivided  microfarad,  with  which,  using  a 
value  of  R  between  500  and  6000  ohms,  it  is  possible 
to  produce  any  power-factor  in  the  R  branch  of  the 


*The  proof  of  equation  (2)  is  as  follo\ys : 
Consider  the  resistance  r  to  be  not  non-inductive,  and  the 
capacity  C  to  be  imperfect.     Represent  the  residual  capacity 
of  r  by  a  parallel  condenser  k  as   in  Fig.  3.     Consider   the 


^b 


■^\^-^ 


FIG.    3 — CORRECTIONS    FOR    IMPERFECT    CONDENSERS    AND    RESISTORS 

power-factor  of  condensers  c  and  C  to  be  caused  by  series 
resistance  a  and  2  respectively.  Tlie  quantities  a,  Q  and  k, 
are  fictitious,  and  are  introduced  merely  for  convenience  in 
developing  equations. 

When  the  arrangement  of  Fig.  3  is  balanced,  we  have  as 
is  well  known: 


'  or  Z,„  = 


Z„„Z,„ 


Z,„   _Z„, 

The  impedances  denoted  by  Z|„  etc.,  are  as  follows:- 
Z,„  =  «  —  jx,  where  x  =  g^^— 

Z,.  =  ;8  -  jX,  where  X  =  ^1^ 


7       = 


1 


,  where  y  =  =^ 


-1  +  i 

Z..  =  Y^  '  ^^^""^  ^' 
R  +  Y 


2-fk 

1 
2-  fK 


bridge,  between  0.5  and  90  percent.  The  Einthoven 
galvanometer  g,  was  equipped  with  a  stroboscope, 
driven  by  a  variable  direct-current  motor.  It  was  im- 
possible on  the  larger  capacities  and  power-factors 
to  balance  the  bridge  for  harmonics,  whose  presence 
made  the  stroboscope  essential  in  determining  when 
the  galvanometer  string  was  balanced  on  the  funda- 
mental frequency. 

In  interpreting  the  results  of  tests,  it  was  found 
in  most  cases  that  equation  (2a)  could  be  used  without 
serious  error.  When  the  result  obtained  by  (2a) 
showed  a  power- factor  smaller  than  two  percent,  the 
power-factor  of  the  condenser  C  was  added  directly 
to  the  ai)parent  value  so  obtained. 

\ERV   S.\I.\LL  S.\MPLES 

The  above  described  bridge  test  when  applied  to 
samples  of  0.0005  microfarad  capacity  or  less,  gave 
results  more  or  less  seriously  in  error.  The  actual 
magnitude  of  the  resistances  r  and  R,  as  well  as  their 
ratio,  became  important.  Apparent  variations  of 
power-factor  with  voltages  and  with  magnitude  of  the 
resistances  r  and  R,  were  encountered,  and  the  power- 
factor  of  the  standard  condenser  and  of  the  condenser 
K,  began  to  aftect  the  accuracy  of  the  results.  All 
discrepancies  whose  cause  is  not  mentioned  above 
were  finally  traced  to  capacity  from  different  parts  of 
bridge  to  other  parts  and  the  ground.  iNIuch  better 
results  were  obtained  by  the  use  of  a  third  condenser, 
using  a  substitution  method  as  outlined  by  Grover. 
The  testing  method  and  apparatus  is  being  further 
developed  to  adapt  it  to  power-factor  measurements 
on  extremely  small  samples  of  insulation;  also  for  dif- 
ferences of  power- factor  of  o.i  percent  or  less. 

Hence  the  following  equation  is  true: 

«-jx=f— ^(/3-jx)     (3) 

r       y 

Equating  real  terms  of  equation  (3) 

a-^A^A^^^^^  (3a) 

Rr  +  Yy  "  rY       Ry 
Equating  imaginarv  terms  of  equation  (3) 
r    /3  i3         X         X    1 

Dividing  (3b)  by  (3a) 

X        Ry     rY  "^  Rr  "^  Yy  ,n 

V-   ^         P_^^_^  

Rr  "*"  Yy      Ry      Ry 

Divide  the  right  hand  member  of  (4)  by  /8,  multiply  it  by 
Rr 
Rr,  and  divide  it  by  1  +   y^ ,  and  (4)  becomes 

r    _  R 

y    ~  ^L^  X 

X     ^  +  y-y       ^ 

1      t  y       Y  f  X 

.     ,    rR         fl 

tan  (  e,  —  ^)  +tan  Qg 
or  tan  9,  -  j^Ttan  (6,-6^)  tan  Gc 

or  tan  e,  =  tan  [(  3,  —  eR)+  Gc] 

hence  ec  —  e.  =  eR  —  e,  Q.  E.  D. 

The  ratio  between  capacities  of  C  and  c  and  resistances 
R  and  r  may  be  obtained  from   (3a)   if  desired. 
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THE  SUBJECT  of  the  protection  of  electrical 
is  surrounded  by  so  many  variables  that  much  confus 
to  the  al'fiaralus,  the  lives  and  property  of  the  public 
plieated.  Under  these  conditions  attention  is  direct 
This  is  especially  true  of  telephone  circuits,  the  prot 
insurance.  'The  present  article  points  out  briefly  some 
cuits  and,  as  this  subject  is  entirely  different  and 
protection   of  poivcr  circuits,   some  space   is   devoted 

11\1'.  the  protfctidii  of  power  circuits,  the  object 
of  applying  protective  ai)paratus  to  telephone 
circuits  is  to  reduce  the  hazards  to  life,  instru- 
ments and  property  which  may  result  from  outside 
electrical  sources.  These  sources  of  hazard  may  be 
classed  under  two  general  heads,  as  follows : — 

I — Those  foreign  wires  whose  voltage,  current  and  other 
characteristics  are  sucli  tliat  it  is  feasible  to  so  con- 
struct and  protect  telephone  circuits  as  to  provide 
reasonable  safety  in  cases  of  accidental  contact  of 
the  telephone  circuits  vvilh  the  foreign  circuits;  and 

2 — Those  foreign  wires  whose  voltage,  current  and  other 
characteristics  are  such  that  it  is  not  feasible  to  so 
construct  and  protect  telephone  circuits  as  to  provide 
rcasonaI)le  safety  in  cases  of  contact  of  the  telephone 
circuits  with  the  foreign  circuits. 

The  above  classification  has  been  adopted  mainly 
because  the  exposures  to  which  telephone  lines  are 
subjected  follow  these  general  lines.  Many  rural 
lines,  specially  in  those  parts  of  the  country  not  yet 
crossed  by  a  network  of  transmission  lines,  recjuire 
protection  from  atmospheric  disturbances  only.  This 
is  a  hazard  to  telephone  lines  which  may  be  included 
in  both  of  the  above  classes. 

Practically  all  town  or  city  telephone  lines  are 
exposed  to  trolley  circuits,  alternating-current  distri- 
bution circuits  and  constant-current  arc  lighting  cir- 
cuits against  which  reasonable  protection  may  be  ex- 
pected ;  thus  they  fall  under  the  first  classification  and 
probably  include  the  larger  part  of  all  circuits. 

The  second  classification  is  intended  to  include 
exposures  to  high  potential  transmissioti  circuits  and 
is  regarded  as  extra  hazardous,  most  of  the  teleiihone 
companies  refusing  to  connect  circuits  so  exposed  to 
their  own  lines  without  very  special  precautions.  Tel- 
ephone circuits  carried  on  the  same  towers  as  high 
potential  circuits  are  the  best  examples  of  this  class 
of  exposure,  and  arc  found  in  operation  by  almost  all 
power  transmission  companies.  Mechanical  protec- 
tion by  means  of  a  series  of  networks  or  guards  at 
crossings  and  a  line  construction  such  as  to  provide  a 
considerable  distance  between  the  circuits,  reduces  the 
hazards  for  lines  thus  exposed ;  and  electrical  devices 
are  also  employed  as  will  be  described  later. 

The  second  class  also  covers  exposures  to  alter- 
nating electromagnetic  and  electrostatic  hclds  from 
adjacent  railway  or  transmission  circuits.  Such  fields 
may  induce  high  potentials  (sometimes  as  much  as 
I  coo  volts)  upon  the  telephone  circuit,  may  cause 
large  circulating  currents,  or  may  merely  cause  the 
circuit  to  be  noisy.  These  difficulties  can  be  mitigated 
by  sectionalization  of  the  lines,  transpositions  in  the 
telephone  circuits  and  in  the  power  circuits,  drainage 


equipment,  tike  the  closely  allied  subject  of  insurance, 
ion   e.yists  in   connection  with  it.     When,  in  addition 

are  involved,  the  problem  becomes  exceedingly  cotn- 
ed  primarily  to  protecting  the  public  and  its  properly. 
ection   of  zi'hich   may  be  said   in   a   true  sense   to   be 

of  the  essentials  in  the  protection  of  telephone  cir- 
requires  a  method  of  attack  not  encountered  in  the 

to  the  elementary  principles  involved. 

coils,  compensating  transformers,  shields  and  various 
other  devices.  Many  of  these  are  not,  however,  suit- 
able for  commercial  telephone  circuits. 

PROTECTIVE  DEVICES 

Three  essential  elements  which  include  the  prin- 
cipal components  of  protection  for  telephone  circuits 
against  the  hazards  listed  above,  are  as  follows : — 

I — Open  space  cutouts — sometimes  called  spark  gaps. 
2 — Heat  coils, 
3 — Fuses. 

The  function  of  the  open  space  cutout  is  to  pro- 
vide a  path  of  low  dielectric  breakdown  between  the 
line  and  the  ground,  acting  in  this  manner  very  simi- 
larly to  a  safety  valve.  The  usual  construction  is  to 
arrange  two  conducting  blocks  with  parallel  surfaces 
closely  adjacent  to  each  other  and  so  adjusted  that 
potentials  in  excess  of  a  given  value  will  pass  from 
the  line  to  one  block,  across  the  gap  to  the  second 
block  and  then  to  ground. 

The  heat  coil  is  a  device  provided  to  ground  the 
line,  or  sometimes  to  open  the  circuit,  and  occasional- 
ly to  do  both,  in  case  small  currents  circulate  from  the 
line  through  the  telephone  apparatus  for  a  given 
period.  The  heat  generated  by  these  small  continuous 
currents  passing  through  the  coil  causes  a  soldered 
joint  to  be  released — thereby  allow'ing  a  spring  to 
operate  and  perform  the  functions  for  which  the  coil 
is  designed.  In  addition  to  grounding  the  line,  the 
spring  which  the  coil  releases  frequently  closes  an  ad- 
ditional circuit,  thus  operating  an  alarm.  It  will  be 
obvious  that  the  object  of  the  heat  coil  is  to  prevent 
the  small  continuous  stray  currents  referred  to  above, 
from  burning  out  the  delicate  telephone  apparatus  by 
reason  of  the  cumulative  heating  eiTect. 

Telephone  fuses  are  designed  to  open  the  cir- 
cuit only  in  case  the  foreign  currents  flowing  on  a 
telephone  circuit  (as  in  the  case  of  a  cross  with  a 
power  circuit)  are  of  sufficient  size  to  overheat  the 
telephone  conductors.  As  will  be  later  explained,  it 
is  undesirable  to  operate  a  telephone  fuse  for  other 
reasons  and  no  protection  is  expected  from  the  fuse 
in  the  way  of  preventing  damage  to  telephone  ap- 
paratus. The  object  of  preventing  the  overheating 
of  the  telephone  circuit  is,  of  course,  to  eliminate  fire 
hazards. 

DIVISION    OF    APPARATUS    FOR    PROTECTIOX 

There  are  three  general    divisions    of    telephone 

apparatus  requiring  protection  as  follows : — 

I — Subscriber   station   apparatus. 

2 — Central   office    (telephone  exchange)    apparatus. 

J — Cable — submarine,  underground  and  aerial. 
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Subscriber's  Station  Protection — Considering 
first  the  protection  of  the  subscriber's  station  appar- 
atus, which  is  only  exposed  to  lightning  or  atmos- 
pheric disturbances,  all  that  is  necessary  is  to  provide 
an  open  space  cutout.  The  conducting  blocks  which 
form  the  cutout  in  this  case,  are  most  economically 


D3 


FIG.    I — TYPICAL    FORMS   OF   BLOCKS   USED   IN   OPEN    SPACE    CUTOUT 
PROTECTION   OF   TELEPHONE  CIRCUITS 

The  two  blocks  in  the  center  are  of  metal  and  the  right 
hand  two  are  of  carbon,  the  figures  on  the  left  being  typical 
mica  separators. 

(from  a  maintenance  standpoint)  made  of  metal. 
Good  results  have  been  secured  when  both  blocks  are 
of  copper,  or  when  one  block  is  of  copper  and  one  of 
brass.  A  uniform  separation  of  0.005  inches  with  a 
total  permissible  variation  of  0.0005  inches  is  com- 
mercially secured  by  means  of  a  mica  sheet.  Fig.  i 
shows  some  typical  forms  of  carbon  and  metal  blocks 
while  Fig.  2  illustrates  the  usual  circuit  connections. 

Carbon  block  open  space  cutouts  with  an  air 
space  the  same  as  that  of  the  metal  block  cutout  re- 
ferred to  above,  discharge  at  a  somewhat  lower  aver- 
age voltage  than  the  metal  block  cutout.  When  the 
only  exposure  of  the  telephone  line  is  to  atmospheric 
disturbances,  however,  the  metal  block  cutout  de- 
scribed furnishes  adequate  protection  and  is  less  diffi- 
cult to  maintain  than  a  carbon  block  cutout  with  the 


FIG.    2 — DIAGRAM    OF   CIRCUITS    OF   A    COMMON    BATTERY 
subscriber's    STATION 

Sliowing    apparatus    for    protection    from    lightning    and 
power  and  lighting  circuits. 

same  length  of  air  gap.  This  is  due  to  the  trouble 
which  occurs  in  the  latter  from  carbon  particles  torn 
from  the  surface,  which  accumulate  in  the  small  gap 
and  form  a  variable  resistance  path  to  ground. 

Considering  next  the  case    of    the    protection    of 
subscriber's  station   apparatus   from   such  sources  as 


referred  to  in  the  first  classification  of  hazards  above, 
two  conditions  require  consideration : — 

I — The  so-called  common  battery  circuit,  in  which  a  con- 
denser is  provided  to  prevent  the  circulation  of  small 
currents   through   the  telephone   apparatus,   and 

2 — The  case  in  which  the  signaling  apparatus  (telephone 
ringer  or  IjcU)  is  normally  connected  directly  across 
the  line  and  thus  exposed  to  small  currents  which 
mav  circulate  for  intervals  through  the  signaling  ap- 
paratus. The  magneto,  or  hand  generator  station,  is 
an  e.xample  of  the  latter  type,  as  are  many  private 
telephone  circuits  used  by  various  operating  and  pub- 
lic utility  companies. 

The  standard  protection    which    is    employed  in 

Case  /  comprises  two  open  space  cutouts,  each  male 

up  of  two  carbon  protector  blocks    and    two    fuses. 

This  apparatus  is  usually  grouped  together  in  some 

suitable  mounting — examples  of  which  may  be  seen 

in  Figs.  3    and    4.     This    combination    discharges    at 

potentials  of  450  volts  or  over,  thus  giving  protection 


««CJi 


figs.  3  and  4 — types  of  protectors  used  for  common  b.\ttery 
subscriber's  station 

from  the  average  trolley  circuit.  One  of  the  carbon 
blocks  is  i^rovided  with  a  plug  of  fusible  metal,  in- 
serted in  the  center  of  the  sparking  surfaces  and  de- 
signed to  melt  in  case  an  arc  is  maintained  between 
the  blocks — thus  connecting  the  line  block  with  the 
ground  block  and  eliminating  the  possibility  of  setting 
fire  to  the  structure  in  which  the  protector  is  placed. 

The  fuses  employed  in  this  case  are  rated  at 
sexen  amperes  (i.  e.,  to  carry  seven  amperes  contin- 
uously) and  will  operate  on  currents  50  percent  in  ex- 
cess of  this  value  within  five  minutes.  It  will  be  evi- 
dent, as  pointed  out,  that  the  fuses  are  not  designed 
to  protect  the  telephone  apparatus,  but  are  expected 
to  reduce  the  fire  hazard  to  the  structure  in  which 
the  telephone  is  placed,  in  case  of  a  cross  between  the 
telephone  circuit  and  the  power  circuit.  In  addition  to 
being  so  proportioned  that  they  will  protect  the  house 
circuits  from  excessive  currents,  three  other    factors 
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are  taken  into  account  in  fixing  upon  the  size  of  fuses 
to  be  used: — 

I — The  fuses  sliould  have  as  large  an  instantaneous  cur- 
rent carrying  capacity  as  possible,  to  avoid  excessive 
maintenance,  due  to  the  operation  of  the  fuses  by 
liglitning. 

2 — Since  the  polciitial  of  a  constant  current  arc  ligliting 
circuit  may  rise  to  high  value  when  impedance  is 
added — as,  for  example,  when  an  attempt  is  madj 
to  open  the  circuit — it  will  be  obvious  that  it  will  be 
very  hazardous  to  intcrrum  the  current  in  such  a  cir- 
cuit. If  the  fuse  should  operate  under  these  con- 
ditions, a  dangerous  arc  would  probablv  be  main- 
tained— thus  introducing  a  rather  serious  fire  hazard. 
To  eliminate  this  possibility,  sub-station  fuses  and 
protectors  should  be  made  with  sufficient  capacity 
to  carry  safely  and  continuously  a  current  as  large 
as  that  of  the  ordinary  series  arc  lighting  circuits, 
to  which  the  telephone  line  is  likely  to  be  exposed. 

3 — As  the  telephone  equipment  may  be  surrounded  by 
inflammable  curtains,  papers,  etc..  it  is  essential  that 
the  operation  of  the  fuse  shall  not  introduce  a 
fire  hazard.  It  therefore  follows  that  practically  no 
flash  is  allowable  even  when  the  fuse  is  operated 
under  the  most  severe  conditions  of  load  and  volt- 
age, and  a  considerable  study  has  been  made  of  the 
shape  of  the  shell,  the  disposition  of  the  wire,  the 
form  and  arrangement  of  packing  material,  the  form 
and  position  of  the  vents  and  other  considerations. 


FIG.    5 — PROTECTION    EQUIPMENT   AND    MOUNTING    FOR  .\    MAGNETO 
subscriber's  STATIO.V 
As  commonly  applied  in  Europe.     Note  glass  tube  fuses 
in  contrast  to  fiber  fuses  used  in  America. 

Turning  now  to  Case  2,  the  protection  of  mag- 
neto subscriber's  stations — substantially  the  same  ap- 
paratus is  provided  as  in  Case  i,  except  that  heat  coils 
are  employed  in  addition  to  cutouts  and  fuses.  An  ex- 
ample of  a  protector  for  this  service  is  shown  in 
Fig.  5,  while  the  commonly  employed  circuit  is 
shown  in  Fig.  6.  As  previously  pointed  out,  the  ob- 
ject of  the  heat  coils  is  to  prevent  the  passage  of 
small  currents  (called  sneak  currents)  through  the 
telephone  signaling  apparatus  for  any  considerable 
time.  Sneak  currents,  which  arc  not  dangerous  if 
continued  for  short  intervals  only,  may  result  from 
a  number  of  conditions — a  very  common  cause  being 
crosses  with  comparatively  low-potential  power  c-r- 
cuits  under  such  conditions  that  the  cutout  on  the 
wire  crossed  does  not  discharge,  while  the  cutout  on 
the  other  wire  of  the  same  line  does  discharge.  Such 
a  condition,  which  may  be  caused  by  unequal  separa- 
tion in  the  cutouts,  forces  the  current  to  pass  through 
the  teleplione  apparatus  to  ground. 

Subscriber's  stations  which  are  exposed  to  con- 


stant-potential power  circuits,  whose  voltages  are 
above  5  000  volts  or  constant-current  circuits  above 
7  500  volts,  or  7.5  amperes,  constitute  extra  hazardous 
exposures  and  each  case  should  be  considered  individ- 
ually.   The  telephone  system  used  in  connection  with 


FIG.    6 — DIAGRAM    OF    CONNECTIOXS    FOR    MAGNETO    STATION 

Showing  types  of  protective  apparatus  used. 

a  high-potential  transmission  line,  is  the  most  common 
example  of  this.  Protection  is  usually  best  secured 
in  these  instances  by  the  use  of  a  special  "insulating 
transformer,"  combined  with  fuses  and  cutouts.  One 
common  arrangement  is  that  shown  in  Figs.  7  and  8. 
In  the  case  of  telephone  lines  carried  on  the  same 
towers  as  transmission  lines,  the  danger  of  crossed 
wires  as  well  as  the  magnitude  of  induced  disturb- 
ances are  much  greater  than  normal  and  it  is  therefore 
desirable   to   provide   both   mechanical  and   electrical 
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FIG.    7 — DIAGRAM    SHOWING   APPARATUS    USED   IN    THE   PROTECTION 
OF  TELEPHONE   LINES   FROM    VERY    HIGH    VOLTAGE   CIRCUITS 

protection.  Fig.  7  shows  the  electrical  circuit  which 
is  most  frequently  employed,  while  Fig.  8  illustrates 
some  of  the  mechanical  precautions  which  are  taken. 
It  should  be  kept  in  mind  that  the  potentials  to  which 
the  telephone  line  may  be  exposed  in  the  case  undei 
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discussion  may  be  50  ocxj  volts  or  over,  and  there- 
fore provision  must  he  made  for  extinguishing  arcs 
automatically  and  separating  the  telephone  apparatus 
from  the  crossed  circuit.  In  Mg.  8  the  exposed  line 
is  illustrated  on  the  left  attached  to  special  high  ten- 
sion insulators  on  jiole  X.  At  a  distance  of  four  feet 
from  the  pole  the  drop  wires  are  connected  and  ])ass 


FIG.    8 — SCHEMATIC     ARRANGEMENT     OF     EQUIPMENT     ON      LINES 
NEAR   HIGH   TENSION   TRANSMISSION    SYSTEMS 

F — ^Special  drop  wire  fuses — one  ampere  rating. 
A — Special  lightning  arrester. 
T — Special  50000  volt  insulating  transformer. 
M — Open  space  cutout  protector. 

All  insulators  on  poles  X  and  Y  are  of  the  high-tension 
type. 

through  special  fuses  /•'  and  Fj  to  high  tension  insula- 
tors on  a  second  cross  arm  six  feet  below  the  incom- 
ing line.  The  fuses  F  and  F,  are  of  a  special  type 
mounted  in  porcelain  shells  and  so  designed,  that  if 
an  arc  occurs  when  they  are  operated,  they  will  break 
apart,  thus  allowing  the  drop  wire  to  fall  clear  from 
the  line.  A  special  spark  gap  discharging  at  about 
5  000  volts  is  mounted  on  this  pole,  as  shown  at  A  in 
Fig.  8.  Special  precaution  should  be  taken  to  in- 
sure that  the  ground  connection  is  surely  made  and 
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FIG.    9 — DIAGR.\MM.\TIC    SKETCH    OF    PROTECTOR    USED    FOR    AMERI- 
CAN  TELEPHONE   EXCHANGES 


'(that  the  earth  in  which  it  is  buried  is  permanently 
moist. 

From  pole  A'^  the  leads  pass  to  the  lower  cross- 
arm  of  pole  Y  and  then  upward  to  the  special  insu- 
lating transformer  T.  The  primary  and  secondary 
windings  are  insulated  from  each  other  and  from  the 
core  sulTiciently  to  stand  a  50000  volt  test.  The  object 
of  the  transformer  is  to  eliminate  as  far  as  possible 


all  o])portunity  for  high  potential  to  reach  the  tele- 
[)hone  set.  The  transformer  is  so  designed  that  the 
loss  in  transmission  through  it  is  a  minimum. 

Passing  upward  from  the  secondary  of  the  trans- 
former the  telephone  leads  are  connected  to  high  po- 
tential insulators  and  then  are  carried  to  pole  Z  on 
which  is  mounted  the  telci)hone  set  and  associated  ap- 
paratus shown  in  Fig.  7.  In  the  case  of  telephone  cir- 
cuits which  are  subject  to  the  continued  induction  of 
potentials  of  dangerous  values,  it  is  desirable  to  pro- 
vide a  "drainage"  to  ground.  This  is  commercially 
accomplished  by  the  arrangement  in  Fig.  7,  which  al- 
lows a  direct  or  alternating  current  of  low  frequency 
to  pass  simultaneously  from  both  wires  to  the  ground 


FIG.     10 — TELEPHONE    EXCHANGE    BOARD    A.Xll    ITS    PROTECTIVE 
.\PPARATUS 

with  little  impedance,  but  oflfers  a  considerable  impe- 
dance to  the  high-frequency  telephone  currents,  thus 
causing  a  minimum  of  transmission  loss. 

Central  Office  Protection  {Telephone  Exchanges) 
— In  general,  all  central  offices  are  considered  to  be 
exposed  to  both  lightning  and  crosses  with  power  cir- 
cuits similar  to  those  described  under  "Subscriber's 
Station  Protection — Case  /,"  and  therefore  the  protec- 
tion of  central  office  equipment  requires,  in  general, 
open  spaced  cutouts,  heat  coils  and  fuses.  The  usual 
cutout  is  the  carbon  block  with  fusible  plug  insert, 
while  the  seven-ampere  fuses  are  commonly  employed. 
Fig.  9  shows  a  general  sketch  of  a  central  station  pro- 
tector of  this  type  and  a  complete  installation  is  shown 
in  Fig.  10.  For  common  battery  exchanges,  where  a 
portion  of  the  energy  from  the  central  storage  battery 
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Id  the  subscriber  passes  througli  the  apparatus,  the 
low-resistance  heat  coil  is  used,  while  for  magneto 
offices  (and  this  covers  the  usual  circuits  o])- 
erated  by  power  transmission  and  public  utility  com- 
panies), high-resistance  heat  coils  are  commonly  em- 
ployed. Heat  coils  are  always  located  in  the  central 
office.  F'gs.  II  and  12  show  typical  central  office  pro- 
tectors employed  in  Europe,  while  Fig.  13  is  an  ex- 
ample of  American  practice.  The  extreme  compact- 
ness of  the  apparatus  will  be  noticed  in  distinction  to 
tl.e  ample  spacing  common  with  power  apparatus. 


seven-ampere  fuses  alone  should  be  employed;  while 
at   the  junction  of  open  wire  line  and  underground 
cable,  seven-ampere  fuses  should  always  be  provided, 
assuming  that   the   underground   cable   is  continuous 
from  the  junction  point  to  the  central  office,  as  these 
fuses  are  essentially  a  part  of  the  central  office  protec- 
tion; also,  in  addition  to  the  fuses,  metal  block,  open 
space  cutouts  with  o.oio  inch    mica    separators    are 
commonly  provided  at  the  open  wire  end  of  the  fuses 
on  those  open  wire  lines  which  are  long  enough  to 
bring  in  trouble  from  lightning.    Under  average  con- 
ditions,   it   has    been    found   that 
open  wire   lines    under    one-half 
mile   in   length,   bring   in   trouble 
from  lightning  disturbances  so  in- 
frequently that  special  protection 
is  not  warranted. 

At  the  junction  of  open  wires 
and  aerial  cables,  metal  block 
open  space  cutouts  with  o.oio 
inch  separators  should  be  in- 
stalled where  the  lines  are  more 
than  one-half  mile  in  length; 
otherwise,  no  protection  will  be 
re(juired. 

From  this  rather  brief  sum- 
mary it  will  be  evident  that  the 
engineering,  economic  and  legal 
sides  of  protection  have  been 
carefully  developed.  However, 
the  problem  is  not  a  simple  one  as 
the  enormous  number  of  tele- 
If  the  telephone  lines  enter  the  central  office  as    phone  sets  multiplies  the  smallest  item  to  large  propor- 
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open  wires,  or  as  aerial  cable,  the  fuses  should  be  lo- 
cated in  the  central  office,  or  in  the  cable  terminal  im- 
mediately adjacent  to  the  central  office.  This  is  both 
for  reasons  of  maintenance  and  protection.  If  the 
lines  enter  the  central  oftice  as  underground  cable,  the 
fuses  should  be  located  at  the  outer  end  of  the  under- 
ground cable — if  such  cable  is  extended  by  any  ex- 
posed circuits.  The  distributing  wire  from  the  outer 
end  of  an  underground  cable  is  commonly  considered 
unexposed  when  the  underground  cable  extends  con- 
tinuously from  the  central  office  to  another  central 
office  or  to  a  building  which  it  serves  or  to  a  block 
where  the  distribution  is  wholly  by  means  of  ring 
construction  carried  on  walls  or  in  fence  cables,  which 
are  not  exposed  to  lightning  or  power  circuits.  In 
all  other  cases,  fuses  are  usually  provided  at  the  outer 
end  of  the  underground  cable. 

Cable  Protection — Underground,  submarine  and 
aerial  cables  can  be  most  satisfactorily  considered  to- 
gether, since  they  are  very  commonly  interconnected  ; 
and  also  they  may  be  considered  as  exposed  to  light- 
ning and  the  type  of  hazards  given  in  the  first  class. 

i\t  the  junction  of  underground  and  aerial  cables. 


tions.  For  this  reason  there  are  a  number  of  problems 
still  to  be  solved,  such  as  the  relatively  high  mainte- 
nance introduced  by  the  short-circuiting  of  the  carbon 


FIG.     Ij — .\MERICAN    TVPE    OF    CE.\TR.\L    OFFICE    PROTECTOR 

blocks  and  the  operation  of  fuses  and  heat  coils.  One 
of  the  more  recent  lines  of  development,  not  yet  en- 
tirely commercialized,  is  the  substitution  of  a  spark 
gap  in  a  vacuum  for  the  carbon  blocks  now  employed. 


Charleroi  Sub-Station  of  the  Pittsburgh 

Railways  Company 


G.  C.  Hecker 

Chief   Electrician, 

Pittsburgh   Railways  Company 

THE  NEW  sub-station  of  the  Pittsburgh  Rail-  the  Kiverview 
ways  Company  at  Charleroi,  Pa.,  was  designed 
both  to  meet  the  requirements  of  the  interur- 
ban  and  local  railway  service  and  to  furnish  power 
for  the  operation  of  the  equipment  of  the  Carnegie 
Coal  Company  at  Charleroi.  Both  of  these  loads  have 
widely  fluctuating  characteristics  and  simultaneous  oc- 
currence of  their  peaks  impose  very  heavy  loads  on 
the  sub-station  apparatus.  In  the  design  of  the  sta- 
tion, reliability  of  service  was  considered  the  most  im- 
portant factor. 

The  railway  load  consists  of  interurban  passen- 
ger cars,  operating  on  a  half-hour  schedule,  interur- 
'ban  freight  cars  and  numerous  supply  and  mainte- 
nance of  way  cars.  In  addition  special  senice  is 
maintained,  during  the  summer  months,  between 
Charleroi  and  other  points  on  the  Monongahela  River 
and  Eldora  Park.     The  total  connected  load  of  the 


sub-station,  about  eight  miles  distant. 
With  the  addition  of  the  Carnegie  Coal  Company  load, 
it  was  evident  that  considerable  additional  capacity 
would  be  required  at  the  Charleroi  station.  Enlarge- 
ment of  the  station  was  not  considered  advisable  for 
a  number  of  reasons  and  it  was  decided  to  build  a 
new  station,  install  larger  units,  abandon  the  battery 


FIG.    I — PORTABLE    SUB-STATION    IN    USt    AT    CHARLEROI 

Carneg'e  Coal  Company  is  about  2  300  horse-power. 
This  load  consists  of  four  15  ton  haulage  locomotives, 
twelve  six  ton  gathering  locomotives,  twenty  contin- 
uous cutting  mining  machines,  twelve  electrically-op- 
erated pumps  for  the  entries  and  rooms,  and  a  number 
of  motors  ranging  from  3  to  35  horse-power,  for  hoist- 
ing, screening,  dumping  and  shifting.  The  15  ton  lo- 
icomotives  are  each  equipped  with  two  100  horse- 
power motors  and  are  arranged  for  tandem  operation. 
The  six  ton  locomotives  are  each  equipped  with  two 
35  horse-power  motors  and  one  7.5  horse-power  mo- 
tor operated  crab  reel. 

Previous  to  the  erection  of  the  new  sub-station 
the  railway  service  was  supplied  from  three  200  kw 
rotary  converters  and  a  320  ampere-hour  battery,  the 
load  of  the  latter  being  controlled  by  a  diii'erential 
booster.  This  station,  which  was  located  at  McKean 
avenue  and  First  street,  was  operated  in  parallel  with 


FIG.    2 — NEW    CHARLEROI    SUE-STATION 

and  use  the  old  units  for  increasing  the  capacity  of 
other  stations  having  similar  equipment. 

To  provide  the  necessary  additional  capacity  dur- 
ing the  erection  of  the  new  station,  the  portable  sub- 
station of  the  railways  company  was  installed  at  the 
Charleroi  car  barn,  about  one  mile  distant  from  the 
old  station  and  several  hundred  feet  from  the  pro- 
posed location  of  the  new  station.  The  portable  sub- 
station is  an  all  steel,  double-truck  car  mounted  on 
24  inch  wheels.  In  the  cab,  which  covers  approxi- 
mately one-half  of  the  car,  is  installed  a  500  kw  ro- 
tary con\crter  \\  1th  the  necessary  switchboard  equip- 


FIG.    3 — INTERIOR    OF    SUB-STATIOX 

ment.  A  550  k.v.a.,  three-phase,  oil-insulated,  self- 
cooled,  outdoor  type  transformer,  provided  with  high- 
tension  taps  for  voltages  ranging  from  10  000  to 
22000  volts,  is  mounted  on  the  other  end  of  the  car. 
The  high  tension  switches,  fuses  and  lightning  ar- 
resters, of  the  Burke  horn-gap  type,  are  mounted  on 
the  roof  of  the  cab.     Fig.  i  shows  the  portable  sub- 
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station  as  it  was  installed  at  Charleroi.  Connections 
were  made  with  the  direct-current  feeders  so  that  the 
portable  stattun  could  he  operated  independently  on 
a  part  of  the  load,  or  in  parallel  with  either  or  both 
the  Charleroi  or  Riverview  stations.  No  trouble  was 
experienced  in  handling  the  load  during  the  erection 
of  the  new  station. 

nuii.inxr. 

The   new   sub-station    building,  located    at    Mc- 
Kean  avenue  and  Thirteenth  street,  is  72   feet  long 


and  one-half  feet  and  is  provided  with  eight  windows 
for  ventilation.  A  fireproof  oil  house  is  built  on  the 
platform  at  the  rear  of  the  building. 

EQUIPMENT 

Provision  is  made  for  the  installation  of  two  in- 
coming and  two  outgoing  high-tension  lines  and  four 
500  kw  rotary  converters  with  the  necessary  trans- 
formers and  switchboard  equipment.  The  present 
equipment  consists  of  one  incoming  22000  volt 
line,    three     500    kw,    six-phase,   60   cycle,   600   volt 


FIG.    4 — FLOOR    PLAN    SHOWING   .^RANGEMENT   OF    APPARATUS 


liv  42  feet  wide  and  is  practically  fireproof.  The 
foundation  walls  and  piers  for  the  floor  supports  are 
of  concrete.  The  building  walls  are  constructed  of 
red,  rock-faced,  waterproof  paving  brick.  All  cop- 
ing, sills,  keys,  etc.,  are  of  Cleveland  sandstone.  The 
reinforced  concrete  floor  is  supported  on  steel  beams 
of  sufficient  size  and  strength  to  carry  the  equipment 
without  any  foundations  other  than  the  building  walls 
and  the  concrete  floor  piers.    The  floor  is  finished  with 


rotar}-  converters,  three  22  000 '424  volt,  three- 
phase,  60  cycle,  oil-insulated,  self-cooled  trans- 
formers and  the  necessary  switchboards,  oil  cir- 
cuit breakers,  lightning  arresters  and  other  aux- 
iliary apparatus.  The  incoming  high-tension  line  en- 
ters the  building  through  combination  wall  or  roof  in- 
sulators and  is  connected  directly  to  a  three-phase. 


FIG.     5 — INCOMING    22  000    VOLT    LINE 

master  builders'  floor  topping  blocked  out  in  four 
foot  squares.  The  roof,  which  is  of  reinforced  con- 
crete, is  supported  on  steel  roof  trusses  and  covered 
with  three  ply  Warren  Ehret  slag  roofing.  A  moni- 
tor ridge  ventilator  extends  over  one  half  of  the 
building.  On  the  main  floor  are  a  store  room  and 
toilet  room.  The  station  is  piped  for  water  and  gas. 
The  basement  has  an  average  height  of  about   four 


FIG.   6 — THREE-PHASE,    22  OOO    VOLT    ELECTROLYTIC    LIGHTNING 
ARRESTERS 

electrolytic  lightning  arrester,  as  shown  in  Figs.  5  and 
6.  Connection  is  made  above  the  lightning  arrester, 
through  choke  coils,  disconnecting  switches  and  an  oil 
circuit  breaker  to  the  station  bus.  The  method  of  sup- 
porting the  choke  coils,  as  shown  in  Fig.  7,  is  simple 
and  requires  a  minimum  of  supporting  structure.    The 
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high-tension  wiring  is  supported  on  insulators  mounted 
on  a  pipe  structure.  The  present  Une  structure,  shown 
in  Fig.  8,  will  accommodate  one  outgoing  line  in  ad- 
dition to  the  present  incoming  line.  This  structure 
will  be  duplicated  when  the  second  incoming  and  out- 
going lines  are  recjuired.     The  outgoing  lines  will  be 


FIG.    7 — METHOD   OF    SUPPORTING    CHOKE    COILS    I.M    22  000 
VOLT    LINES 

taken  out  through  the  roof,  cross  over  the  building, 
and  leave  by  the  same  route  as  the  incoming  lines. 

The  station  high-tension  bus  is  installed  at  the 
rear  of  the  transformers  and  connection  is  made  to 
the  latter  through  disconnecting  switches  and  oil  cir- 
cuit lireakers.  Series  transformers  are  provided  in 
the  station  bus  for  the  operation  of  the  station  watt- 
meter, and  in  the  line  and  transformer  leads  for  the 
operation  of  the  trip  coils  and  instruments.  The  three- 
pole,  300  amporc.  35  000  volt,  remote  mechanically-op- 


FIG.    8 22000    VOLT    LI.\i;    MKUl  IIKL 

erated,  automatic  oil  circuit  breakers  are  mounted  in 
concrete  cells.  All  operating  rods  and  bell  cranks  are 
installed  in  the  basement  and  supported  from  the  floor 
structure. 

The  transformers  are  installed  on  a  steel  frame- 
work directly  over  openings  in  the  floor,  this  method 
of  installation  giving  a  free  circulation  of  air  on  all 


sides  of  the  transformers.  The  high-tension  windings 
are  provided  with  the  usual  number  of  taps  with  full- 
load  ratings  and  in  addition  are  provided  with  15  000 
volt  reduced  capacity  taps,  as  the  line  is  now  being 
operated  at  this  voltage.  Xinety-one  percent  taps  are 
brought  out  on  the  low-tension  windings,  in  addition 
to  the  thirty-seven  percent  starting  taps,  and  are  con- 
nected through  a  double-throw  switch  so  that  the  con- 
verter voltage  may  be  reduced  nine  percent.  This  per- 
mits lowering  the  trolley  voltage,  which  after  mid- 
night rises  to  about  640  volts  due  to  the  rise  in  high- 
tension  voltage  after  the  shutting  down  of  other  sta- 
tions operated  on  this  line.  The  direct-current  cir- 
cuit breakers,  of  course,  must  be  opened  when  chang- 
ing from  one  voltage  to  the  other,  if  all  machines  are 
in  operation.  However,  if  a  spare  machine  is  avail- 
able (as  is  usually  the  case  after  midnight),  the  change 
can  be  effected  without  an  interruption.  For  example, 
if  one  machine  is  operating  on  the  100  percent  taps 
and  it  is  desired  to  reduce  the  voltage,  a  second  ma- 


FK;.     q — ALTERNATING-CURRENT     ROTARY     CONVERTER     PANEL     AND 
STARTING    PANEL 

chine  is  cut  in  on  the  91  percent  taps.  The  field  rhe- 
ostats of  both  machines  are  adjusted,  the  machines 
are  paralleled  on  the  direct-current  side  and  the  circuit 
breaker  of  the  machine  running  on  the  100  percent 
taps  is  opened.  The  voltage  on  the  machine  carrying 
the  load  is  then  adjusted  to  the  proper  value  and  the 
other  machine  is  shut  down. 

The  rotary  converters  are  of  the  alternating-cur- 
rent, self-starting  type  and  are  installed  directly  over 
openings  in  the  floor,  thus  obtaining  \ery  good  ventila- 
tion and  permitting  of  an  excellent  arrangement  of  the 
cables  and  connections.  The  field  break-up  switches 
are  mounted  on  the  frames  of  the  machines  just  above 
the  negative  panels.  On  each  negative  panel  are 
mounted,  in  the  following  order  from  left  to  right,  the 
equalizer  switch,  the  series  field  short-circuiting  switch 
and  the  negative  switch.  Tlie  series  field  short-circuit- 
ing switch,  when  closed,  provides  a  very  low  resistance 
connection    around    the  series  field  of  the  converter 
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and  is  connected  so  that  when  starting  from  the  di- 
rect-current side,  the  negative  armature  terminal  is 
connected  directly  to  the  negative  bus,  and  the  series 
field  circuit  is  opened.  It  is  often  desirable  to  operate 
the  machines  with  these  switches  closed.  For  exam- 
ple, the  station  is  frequently  operated  in  parallel  with 
a  nearby  station  of  another  company,  using  motor- 
generator  sets,  and  it  has  been  found  that  the  parallel 


KIG.    lU-"IMki:CT-CUKREXT    SWITCH  HI  lARD 

operation  of  the  stations  is  much  more  satisfactory 
when  the  series  fields  of  the  rotary  converters  are 
short-circuited.  It  is  not  necessary  to  remove  the  load 
from  the  converters  when  making  this  change  in  con- 
nections. The  machines  are  equipped  with  mechan- 
ical oscillators  and  overspeed  devices,  the  latter  oper- 
ating the  direct-current  circuit  breakers  by  means  of 
low-\'oltage  trip  coils.  External  reactances  for  com- 
pounding are  provided  to  compensate  for  high-tension 
line  drop.  All  connections  and  wiring  to  the  rotary- 
converters  arc  installed  in  the  basement,  the  negative 
and  equalizer  busses  being  directly  under  the  machines. 
The  switchboard  is  of  blue  Vermont  marble.  On 
the  alternating-current  line  panel.  Fig.  8,  are  mounted 
a  line  voltmeter,  ammeter,  ammeter  receptacles,  sta- 
tion alternating-currert  wattmeter  and  oil  circuit 
breaker  handle.  On  the  rear  of  this  panel  are  mounted 
the  inverse  time  limit  relays  for  the  oil  circuit  breaker. 
Fig.  9  shows  a  front  view  of  the  alternating-current 
rotarj'  converter  panel  and  starting  panel.  On  each 
converter  panel  are  mounted  an  ammeter,  ammeter  re- 
ceptacles, power-factor  meter,  inverse  time  limit  re- 
lays and  oil  circuit  breaker  handle.  The  machine  oil 
circuit  breakers  are  provided  with  low  voltage  relays, 
operated  from  the  bus  potential  transformers,  and  are 
electrically  interlocked  with  the  direct-current  ma- 
chine circuit  breakers,  so  that  both  circuit  breakers  are 
automatically  opened  when  the  high-tension  power 
supply  is  cut  off.  .\I1  series  transformer  leads  are 
brought  to  terminal  boards  on  the  rear  of  the  alternat- 
ing-current panels,  so  arranged  that  the  transformers 
may  be  short-circuited  and  the  instrument  circuits 
opened  for  testing  or  for  other  purposes.  On  each 
alternating-current  starting  panel  are  mounted  two 
double-throw  switches.    The  switch  on  the  right  (Fig. 


9)  is  the  starting  switch  and  that  on  the  left  is  the 
one  used  to  change  from  the  100  to  the  91  percent 
transformer  taps  as  previously  described. 

The  direct-current  switchboard  consists  of  the 
converter  panels,  station  load  panel,  instrument  and 
feeder  panels  for  the  Carnegie  Coal  Company  and  the 
railway  feeder  panels.  Provision  is  made  for  exten- 
sion of  the  switchboard  to  accommodate  an  additional 
converter  and  additional  feeders.  Figs.  10  and  11 
show  front  and  rear  views  of  this  switchboard.  The 
field  rheostats  are  mounted  on  the  tie  rods  above  the 
switchboard  and  their  face  plates  are  in  plain  view  of 
the  operator.  The  starting  grids  are  mounted  at  the 
rear  of  the  switchboard  and  are  thoroughly  insulated. 
.\  double  bus  is  provided  so  that  any  converter  may  be 
operated  independently  on  the  coal  company's  load  if 
desired.  The  railway  feeders,  however,  are  connected 
to  the  upper  bus  only.  The  lower  bus  can  be  extended 
at  any  time  and  the  railway  feeders  connected  to  it, 
which  would  involve  changing  the  feeder  switches 
from  single  to  double-  throw  and  rearranging  the  con- 
nections on  the  rear  of  the  panels.  On  the  instru- 
ment panel  of  the  coal  company  feeder  are  mounted 
a  Thompson  watt-hour  meter  and  a  curve  drawing 
watt-meter,  the  latter  being  used  to  determine  the 
"demand  charge"  which  is  based  on  a  two  minute 
peak.     An   electrolytic  liehtninsf  arrester  is   installed 
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on  the  railway  bus  and  individual  magnetic  blow-out 
arresters  on  the  feeders.  All  lightning  arrester  ground 
wires  are  run  as  directly  as  possible  to  the  ground 
connections,  which  consist  of  a  number  of  three-quar- 
ter inch  pipes,  eight  feet  long  and  a  '4  by  48  by  48 
inch  copper  plate.  The  pipes  are  connected  to  the 
copper  plate  and  connection  is  made  from  the  latter 
to    the    negative    bus,  through    a    grid  resistor.     The 
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latter  connection  is  provided  to  insure  proper  opera- 
tion of  the  magnetic  blowout  arresters.  The  use  of  a 
suitable  resistance  in  the  connection  between  the 
ground  plate  and  the  negative  bus  practically  elimi- 
nates stray  return  currents  without  affecting  the  op- 
eration of  tlie  arresters. 

The  cables  from  the  converter  are  brought  to 
the  switchboard  through  an  opening  or  cable  way  in 
the  floor.  This  opening  is  capped  with  two-inch  slate 
panels  cut  and  drilled  to  receive  the  cables  and  is  ele- 
vated about  two  inches  above  the  floor  level  to  better 
protect  the  cables  at  this  point.  The  negative  and 
equalizer  connections  are  brought  through  the  floor 
at  the  machine  in  the  same  manner. 

GENERAL 

A  12  inch  I-beam  extending  the  length  of  the 
building  and  supported  from  the  roof  trusses,  carries 
a  five  ton  trolley  from  which  a  chain  hoist  may  be 
suspended  for  dismantling  and  assembling  machines. 
An  air  compressor,  governor,  tank  and  hose  for  blow- 
ing out  the  machines  is  a  part  of  the  auxiliary  equip- 
ment. 

The  general  lighting  of  the  station  is  carried  out 
by  means  of  250  watt  tungsten  lamps  equipped  with 


enameled  metal  reflectors.  The  arrangement  of  these 
lamps  is  such  that  a  very  uniform  distribution  of  light 
is  obtained,  and  the  use  of  lamps  on  the  switchboard 
is  eliminated,  excciit  in  the  case  of  the  illuminated 
dial  station  instruments.  A  number  of  receptacles  arc 
located  at  convenient  points  for  attaching  an  exten- 
sion cord  with  lamp. 

The  station  has  been  in  operation  several  months. 
Practically  the  only  trouble  experienced  was  the  open- 
ing of  the  oil  circuit  breakers  on  overload,  due  to  the 
increased  high-tension  current  resulting  from  opera- 
tion at  15000  volts.  This  was  overcome  by  the  use 
of  additional  weights  on  the  relays  and  will  no  doubt 
be  eliminated  when  the  high-tension  voltage  is  raised 
to  22  000.  The  railway  load  and  the  coal  company 
load  are  carried  on  the  same  bus  in  order  to  take  ad- 
vantage of  the  diversity  factor  of  the  two  loads. 
When  the  load  of  the  coal  company  becomes  heavy 
enough  to  justify  the  use  of  one  machine  exclusively, 
their  service  can  be  supplied  from  a  separate  bus. 
The  cost  of  the  present  installation,  including  build- 
ing, real  estate,  equipment  and  erection,  is  $27.80  per 
kilowatt,  ^\'ith  the  installation  of  the  fourth  ma- 
chine the  complete  cost  of  the  station  will  be  approxi- 
mately $26.00  per  kilowatt. 


Electro-Percussive  Welding* 

C.  E.  Skinner  and  L.  W.  Chubb 

Research   Engineering  Department, 
Westhighouse  Electric  &  Mfg.  Company 

THE  SOLDEKIXG  and  iveldbig  of  aluminum  has  akvays  given  trouble,  and  flu-  satisfactory  joining 
of  small  zvircs  has  been  vcrv  difficuit  if  not  impossible.  In  the  last  few  years,  the  substitution  of  alumi- 
num wire  for  copper  zi.'ire  has  demanded  a  good  means  of  joining  aluminum  and  the  electro-percussive 
method  of  welding  -was  developed  primarily  for  this  purpose  after  a  very  thorough  investigation  into  the 
available  methods  of  soldering  and  zvelding  of  aluminum.  Several  other  special  applications  of  the 
method  arc  nozv  made  and  the  future  field  of  application  seems  sufficiently  promising  to  justify  a  descrip- 
tion of  this  new  process,  which  will  zceld  practically  any  two  metals,  whether  alike  or  dificrcnt.  of  high 
or  lozv  melting  point,  or  of  unequal  thermal  conductance.  With  aluminum  the  natural  o.vide,  zvhich  always 
covers  the  surfaces  of  the  t-wo  pieces  to  be  zvelded,  prez'cnts  the  metal  from  flon-ing  together  after  the 
ends  have  been  melted  in  the  usual  zvay.  Large  zfires  and  rods  of  aluminum  cuii  be  z^'cldcd  by  melting  the 
metal  under  the  o.vide  film  and  then  suddenly  pushing  the  ends  of  the  tzvo  pieces  together.  This  breaks 
the  o.vide  films,  allozcs  the  clean  metal  to  flozi'  together  and  at  the  same  ime  zvash  away  the  broken  pieces 
of  o.vide  in  a  surplus  of  molten  metal.  Small  zfires  cannot  be  joined  satisfactorily  by  this  method,  or  in 
air  by  any  other  prolonged  heating  method. 


DURING  the  year  1905,  while  experimenting 
with  electrolytic  condensers  and  rectifiers, 
one  of  the  authors  noticed  that  wires  could 
be  connected  to  the  aluminum  plates  by  the  condenser 
spark  when  the  cells  were  discharged.  It  was  noticed 
that  copper  wires  could  be  attached  to  aluminum  or 
that  two  pieces  of  aluminum  could  be  joined  together 
by  the  condenser  spark.  This  was  of  course  only  a 
feeble  welding  of  the  metals  for  temporary  connec- 
tions. But  later  on.  while  working  with  aluminum 
wire,  the  demand  for  a  welding  metliod  and  a  care- 
ful theoretical  consideration  of  what  happened  in  the 
early  tests  with  electrolytic  condensers  made  it  appear 


♦Revised  by  the  authors  from  a  paper  read  at  the  annual 
convention  of  the  American  Electrochemical  Society  at 
Niagara   Falls,   October    1-3,    1014. 


worth  while  to  try  out  the  method  of  welding  with  a 
condenser  discharge  on  a  larger  scale. 

From  the  first,  the  same  principle  of  a  simultaneous 
condenser  discharge  and  percussive  engagement  has 
been  used,  but  during  the  tests  and  development  of 
welding  tools  it  was  found  that  the  best  results  de- 
pend upon  several  variables,  such  as  the  condenser 
capacitance,  the  velocity  and  force  of  impact,  the  volt- 
age, and  the  resistance  and  inductance  in  circuit.  The 
first  apparatus  consisted  of  two  hinged  arms  with 
wire  grips  in  their  ends.  Wires  placed  in  the  grips 
were  connected  to  the  terminals  of  a  charged  electro- 
lytic condenser.  These  arms,  upon  release,  were 
drawn  together  and,  at  the  instant  of  contact,  the  ex- 
plosive condenser  discharge  and  the  forge  would  weld 
the  ends  together.  This  apparatus  was  not  very 
satisfactory    as     it    did    not    allow    separate    study 
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of  the  effect  of  variation  of  velocity,  momentum, 
kinetic  energy,  etc.  So  a  second  apparatus  was  built 
similar  to  a  pile  driver,  w=th  one  stationary  and  one 
one  moving  wire  grip.  With  this  arrangement  the 
forge  and  \elocity  could  he  varied  independently  by 
the  separate  adjustment  of  the  drop  and  mass  of  the 


CABLE 


FIG,    I — PF.RCl'SSIVE    WELDING   OUTFIT 

F — Flexible  connection  to  top. 

If — Forging  weight. 

7?— Rheostat. 

C — Electrolytic  condenser. 

moving  part.  Other  welding  tools  have  been  de- 
signed in  which  springs  have  been  used  to  shoot  the 
wire  grips  together  horizontally;  however,  these  have 
not  been  as  satisfactory  as  the' gravitational  type. 

PROCESS  OF  WELDING 

A  portable  tool  of  the  gravitational  type  set  to 
attach  a  copper  lead  wire  to  a  coil  of  aluminum  wire 
is  shown  in  Fig.  2.  The  welding  circuit,  Fig.  3,  con- 
sists of  a  generator  G  which  charges  an  electrolytic 
condenser  C  through  a  high  resistance  R.  Adjust- 
ment of  the  voltage  of  the  charged  condenser  is  ob- 
tained by  field  control  of  the  generator  or  by  varying 
the  resistors  R  and  R'.  The  wires  WW  to  be  welded 
are  secured  in  the  wire  grips  of  the  welding  tool 
which  are  connected  to  the  terminals  of  the  condenser 
through  an  inductance  L  of  from  2  to  10  turns  of 
cable.  A  spring  switch  5'  with  carbon  contacts,  norm- 
ally held  closed  is  connected  across  the  jaws  of  the 
welder  so  that  their  potential  difference  will  be  zero 
while  the  wires  are  being  put  in  or  the  finished  prod- 
uct is  being  removed.  The  welder  is  connected  to  the 
au.xiliary  apparatus  by  means  of  long  flexible  cables 
which  allow  welding  within  a  radius  of  about  50  feet 
without  moving  the  condenser  and  other  heavy  ap- 
paratus. 

The  process  of  welding  is  as  follows: — The  wires 
are  secured  in  the  wire  grips  and  the  ends  cut  ofif  as 
short  as  possible  with  a  siiilaljle  pair  of  cutters.     The 


switch  S  is  then  opened  thus  charging  the  condenser 
to  the  proper  voltage.  A  catch  is  then  released  which 
lets  the  sliding  member  fall  and  bring  the  ends  of 
the  two  wires  into  percussive  engagement.  At  the 
instant  of  contact,  the  short-circuit  current  of  the 
condenser  builds  up  to  such  a  value  that  the  ends  of 
the  wire  are  melted  by  the  explosive  discharge  and 
instantly  forged  together  by  the  blow  of  the  falling 
mass.  The  weld  is  then  complete  and  after  being  re- 
moved from  the  machine  will  be  found  to  have  the 
strength   of   the  original   wire. 

The  generation  of  the  heat  is  so  localized,  so 
sudden  and  so  intense,  that  there  is  no  time  for  un- 
equal heat  conduction  through  the  shanks  of  the  wire 
and  the  ends  will  be  melted  and  even  vaporized 
whether  the  molting  point  is  high  or  low.  For  liiis 
reason  metals  of  different  kinds  can  be  welded  to- 
gether independent  of  their  electrical  resistance,  melt- 
ing point  or  heat  conductance.  Any  combination  of 
metals  which  has  ever  been  tried  will  weld  together, 
but  the  joints  will  not  be  permanent  with  such  com- 
binations as  aluminum  and  tin,  or  lead  and  iron. 

The  generation  of  heat  at  the  point  of  contact  de- 
pends upon  having  an  appreciable  resistance  offered  to 
the  current  between  the  wire  ends,  and  it  is  therefore 
necessary  to  cut  the  ends  of  the  wires  in  such  a  way 
that  they  will  make  a  point  contact,  preferably  at  the 


FIG.    2 — GR.\V1TATT0N.\L   TYPF.   WELDING   TOOL 

center,  so  that  the  energy  of  the  condenser  will  vapor- 
ize the  small  section  of  metal  and  melt  the  rapidly  ap- 
proaching surfaces  with  the  intense  heat  of  the  arc. 
To  do  this  the  wires  are  cut  with  ordinary  cutters 
which  give  a  chisel  edge.  The  two  wires  are  cut  off 
in  such  a  way  that  the  two  chisel  edges  are  at  right 
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angles  and  the  point  of  first  contact  will  he  at  the  in- 
tersection at  the  center. 

The  time  between  the  first  contact  and  the  fin- 
ished weld  is  of  such  short  duration  that  the  exact 
action  cannot  be  recorded  but  is  supposed  to  be  about 
as  shown  in  Fig.  4.  In  (/  the  wires  are  approaching 
at  a  velocity  of  from  63  to  200  cm.  per  sec. ;  h  shows 


energy.  Such  a  thing  would  be  impossible  from  a 
metallic  arc  but  can  be  explained  by  saying  that  the 
voltage  was  measured  above  and  below  instead  of 
between  the  wire  chucks,  and  the  storage  and  retu  n 
of  energ)-  is  from  the  magnetic  flux  produced  in  the 
steel  chucks  set  up  by  the  current  of  500  amperes 
flowing  through  them. 

The  electrolytic  condenser  has  high  absorp- 
tion if  the  current  through  it  is  reversed  in 
an  attempt  to  change  its  polarity.  F"or  this  reason 
any  tendency  toward  an  oscillatory  discharge  will  be 
([uickly  damped  by  the  internal  losses  of  the  con- 
denser and  the  energ)-  of  the  charge  will  be  partly 
lost.  \\"ith  an  ordinary  circuit,  enough  resistance 
camiot  l)e  maintained  at  the  weld  to  prolong  the  cur- 
rent and  heating  until  the  final  contact,  and  the  very 
high  frequency  oscillation  due  to  the  small  inductance 
of  the  circuit  will  cause  an  explosive  snap  at  the 
weld,  the  current  will  suddenly  be  damped  by  the  ab- 
sorption of  the  condenser,  the  arc  will  go  out  before 


FIG.   3 — DI.\GR.^M    OF   CONNECTIONS 

the  first  contact  at  which  time  the  current  begins  to 
build  up  and  heat  the  small  section  of  metal  carrying 
the  current ;  c  shows  the  wire  ends  again  separated, 
not  by  appreciably  retarding  or  reversing  the  motion 
of  the  upper  wire  but  by  melting  and  vaporizing  the 
metal  which  first  touched  together ;  d  shows  the  wire 
chucks  closer  together  but  the  arc  still  burning  be- 
tween the  wires.  At  e  the  second  contact  has  been 
made,  the  arc  extinguished  and  the  forge  of  the  met- 
al has  begun ;  and  /  shows  the  completed  weld 
after  the  upper  chuck  has  come  to  rest  and  the  forge 
is  complete. 

The  curves,  Fig.  5.  drawn  to  scale,  show  the  cur- 
rent through  and  the  voltage  across  the  weld  during 
the  operation  of  welding  a  No.  18  B  &  S  gauge  wire. 
These  curves  were  taken  directly  from  an  oscillo- 
gram, and  the  power  or  product  curve  has  been  fig- 
ured and  drawn  in.  Electrically  the  weld  is  complete 
in  0.0012  second  and  although  23  kilowatts  are  being 
dissipated  between  the  ends  of  the  wire  at  a  certain 
instant,  the  total  energy  used  at  the  weld  is  only 
0.00000123  kilowatt-hour  or  enough  to  light  an 
ordinary  50  watt,  16  candle  power  lamp  for  0.09  sec- 
ond.    The  cost  of  this  amount  of  energy  at  10  cents 
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FIG.   4 — ST.^GES   OF  THE   WELD 


per  kilowatt-hour  would  be  12  millionths  of  a  cent. 
The  letters  a,  /',  c,  d,  e,  f,  have  been  placed  along  the 
the  time  of  axis  of  Fig.  5  to  indicate  the  time  corres- 
ponding to  the  various  views  in  Fig.  4.  It  will  be 
noticed  that  the  watt  curve  is  oscillatory  and  that 
the  negative  values  would  indicate  a  return  of  stored 


FIG.    5 — OSCILLOGR.\M    OF   CURRENT   AND   VOLT.\GE   I.N"    WELniXC 
CIRCUIT 

The  letters  a  to  /  correspond  to  the  stages  of  the   weld 
shown  in  Fig.  4. 

final  contact,  and  the  wires  will  not  be  hot  enough 
to  form  a  good  weld.  In  order  to  maintain  the  arc 
until  final  contact  it  is,  therefore,  necessary  to  lower 
the  frequency  of  the  discharge  and  prevent  the  sud- 
den rise  of  current  at  the  first  instant  of  contact  by 
inserting  additional  inductance  in  the  discharge  cir- 
jcuit.  This  inductance  prevents  the  explosive  and 
.^  wasteful  discharge,  prolongs  the  current,  and  appar- 
ently maintains  the  heating  until  final  contact  is  ef- 
fected. The  inductance  will  of  course  increase  the 
tendency  toward  oscillation  and  although  the  total 
energy  dissipated  at  the  weld  may  be  diminished,  it 
is  more  efficiently  used  and  not  wasted  in  noise  or 
thrown  out  in  metallic  vapor. 

The  equations  expressing  this  interesting  transient 
are  not  as  valuable  as  the  ear  in  telling  what  adjust- 
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nieiits  are  best  for  any  jiarticular  weld.  The  mass 
and  drop  of  the  fallinj^  chuck  must  be  sufficient  to 
forge  the  wire  shghtly  and  then  all  that  is  necessary 
is  to  adjust  the  voltage  and  inductance  so  that  the  dis- 
charge sounds  like  a  splash  or  thud  instead  of  a  sharp 
crack.  Generally  the  ojjcrator  can  estimate  the  set- 
tings and  no  trials  need  be  made.  When  the  same 
kind  of  work  is  to  be  repeated,  the  machine  once  set 
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FIG.    6 — S.\MPLES    OF    WELDS    BETWEEN    .ALUMINUM     AND    COPPER 

Showing  tluctility  and  malleability  of  the  weld. 

will  make  a  perfect  weld  every  time,  and  the  rate  of 
welding  W'ill  be  limited  only  by  the  mechanical  hand- 
ling of  the  product. 

The  new  process  has  some  distinct  advantages 
over  the  usual  methods  of  working  metals  and  is 
especially  adapted  to  welding  small  sections  of  like  or 
unlike  metals.  In  many  cases  a  saving  of  expensive 
material  can  be  effected,  in  other  cases  work  can  be 
done  which  cannot  be  done  by  other  methods ;  joints 
can  be  made  without  overheating  the  metals,  and  the 
welds  will  be  ductile  and  strong. 

PROPERTIES    OF    THE    WELD 

Many  of  the  alloys  of  most  metals  are  very  hard 
and  brittle.  As  an  example  there  are  alloys  near  both 
ends  of  the  copper-aluminum  series  which  are  unwork- 
able, and  yet  electro-percussive  welds  between  these 
two  metals  are  so  ductile  that  they  may  be  worked  in  a 
die,  forged  or  rolled  into  thin  foil.  Any  alloy  formed  at 
the  weld  must  range  from  100  percent  copper  on  one 
side  to  100  percent  aluminum  on  the  other ;  but  pos- 
sibly the  brittle  combinations  are  so  thin  that  the  joint 
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FIG.    7 — S.-VMPLE    OF    WEI.DEl)    ALUMIXCM    WIRES 

Showing  ductility  of  the  weld. 

as  a  whole  is  flexible  and  ductile.  This  joint  between 
aluminum  and  copper  is  of  great  importance,  as  cop- 
per lead  wires,  which  solder  and  connect  easily,  can 
readily  be  attached  to  aluminum  coils.  At  first  it 
was  feared  that  a  diffusion  of  the  two  metals  in  serv- 


ice would  finally  result  in  a  brittle  joint,  but  tests 
show  that  after  four  years  the  joints  are  practically 
as  strong  and  ductile  as  when  first  made.  Similar 
ductility  has  been  noted  in  almost  every  combination 
of  metals  when  first  welded,  but  diffusion,  disintegra- 
tion and  loss  of  ductility  eventually  result  in  such 
welds  as  silver  to  tin,  or  aluminum  to  tin. 

Metals  which  are  either  hardened  or  scjftened 
with  heating  and  sudden  cooling  can  be  welded  to- 
gether without  appreciable  change  in  the  physical 
properties  of  the  material.  Tempered  spring  steel 
welded,  reduced  to  uniform  diameter,  and  tested  has 
shown  equal  or  greater  strength  at  and  near  the  weld 
without  any  noticable  change  in  temper.  Metals  such 
as  hard  drawn  copper,  silver,  aluminum,  etc.,  which 
soften  with  heat  can  be  welded  together  without 
causing  any  local  annealing,  and  these  metals  and 
steel,  when  soft,  can  be  welded  together  without  detri- 
mental local  hardening. 

.Several  possible  explanations  of  the  constancy 
of  the  mechanical  properties  before  and  after  welding 
can  be  given.  First,  such  sudden  heating  and  cool- 
ing   may    not   allow    change    in    molecular    structure. 
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FIG.    8 — METHOD   OF    SPLICING    ALU.MIXUM    CABLES 

By  welding  a  short  length  of  copper  wire  to  each  of  the 
strands  of  the  cable,  and  then  twisting  or  wrapping  and  sol- 
dering the  copper  ends.  After  the  joint  is  soldered,  an 
aluminum  tube  will  be  placed  over  the  joints  to  prevent  any 
electric  action  between  the  copper  and  the  aluminum. 

Second,  with  hard  steel,  the  heated  metal  at  the  weld 
is  so  suddenly  cooled  by  conduction  of  heat  into  the 
two  shanks  of  metal  that  it  is  again  hardened.  Third, 
with  hard  copper,  silver,  aluminum,  etc.,  the  heating 
and  sudden  cooling  would  ordinarily  soften  the  metal, 
but  the  cold  forge  of  the  blow  in  welding  possibly 
hardens  it  again.  Fourth,  the  metal  subjected  to  the 
sudden  heat  cycle  may  be  hardened  or  annealed  (de- 
pending upon  the  characteristics  of  the  material 
welded),  but  the  amount  of  material  affected  may  be 
too  small  to  be  detected.  As  an  example,  in  welding 
No.  18  hard  drawn  aluminum  wire,  0.00123  watt- 
hour  or  1.06  small  calories  are  dissipated  at  the  weld. 
Assuming  that  none  of  the  energy  is  lost  in  noise,  radi- 
ant heat  or  metallic  vapor  and  that  one-half  of  the 
total  is  propagated  in  a  heat  wave  in  each  direction 
along  the  wire,  it  can  be  shown  mathematically  that 
an  annealing  temperature  will  not  be  reached  more 
than  0.05  mm.  from  the  weld.  The  total  amount  of 
metal  softened  would  then  be  a  cylinder  O.i  mm.  long 
and  1.02  mm.  in  diameter.  A  soft  insertion  of  such 
proportions  could  hardly  be  detected. 

In  welds  between  some  metals  diffusion  takes 
place,  but  in  any  of  the  useful  combinations  the 
change  is  too  slight  to  affect  the  ductility  of  the  weld. 
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The  welds  as  a  rule  show  only  a  sharp  dividing  line  sample  was  recently  rolled  and  its  malleability  indi- 

between  the  metals  but  there  is  often  an  intermingling  cated  no  appreciable  change. 

of  the  two  at  or  near  the  ceiiter  for  a  very  short  dis-  applications 

tance.     Figs.  9  and  10  show  a  new  weld  and  a  three  While   the   development   of  this   welding  method 

year  old  weld  between  aluminum  and  copper.  The  mi-  was  brought  about  primarily  by  the  necessity  for  the 

crographs   were   taken   at   the   irregular   point   in   the  successful  joining  of  aluminum  wires  and  the  joining 

weld.     Elsewhere   the   line  of   divison    is   sharp   and  of  copi)er  leads  to  such  aluminum  wires,  it  is  evident 

rather  straight.     In  addition  to  the  small  irregularity  that  the  method  is  capable  of  an  extremely  varied  ap- 


plication. Since  metals  varying  as  widely  in  charac- 
teristics as  platinum  and  tin  may  easily  be  welded,  it 
follows  that  almost  any  metals  may  be  joined  where 
the  joint  is  within  the  limits  of  the  capacity  of  the 
welding  apparatus.  While  the  apparatus  up  to  this 
time  has  been  made  only  for  welding  wires  0.072 
inch   diameter  and  smaller,   the  application  to   larger 

sizes     is     merely    a 


of  the  di\'iding  line  some  spots  of  bright  material, 
possibly  aluminum-copper  alloy,  are  present  at  this 
point,  but  do  not  appear  at  other  points  in  the  weld. 
Both  of  these  welds  are  so  malleable  that  they  are 
capable  of  being  rolled  into  thin  foil.  Such  welds, 
run  at  a  temperature  over  100  degrees  C.  by  the 
passage  of  heavy  direct  current,  failed  to  show  suffi- 
cient    diffusion     to  _^^ttK^^-t^ 

affect  their  median-             >^^^^^j^^^  -^' " '  ' "^ -'^^^^            question  of  the  de- 

ical  properties.    The                                 '.^^^^  ~^^^^^k.         ^'^n  of  suitable  ap- 

■^^^^  ^^^^^^k  paratus.  Enough 
maintained  for  ^^H^^  1^^^^^^  ^^^^  ^'^°  ^^^^  <^0"« 
weeks  and  tests  ^RB  ^  I^^^^H  ^°  ^^^°^'  ^^''^'^  ^^'^' 
were  made  with  "^^  W  •.  |^^^^B  ing  of  wires  may  be 
both  directions  of  /  \^  ■  ^^^^m  successfully  accom- 
current  flow.  At  .  W  ._,  /wift^^^^^F  plished :  as  for  ex- 
higher  temperatures  "  ^^^^^^W  ample,  the  welding 
(red  heat)  there  '-"^^ifeE  .  '^"^1^^^^^  °^  P°'"^^  ^°  P^^^^^ 
was  a  very  rapid  -  '  and  small  pieces  to 
diffusion       of       the          ™s.  9  a.xd  io-.MirRo,;uAPHs  of  aluminum-copper  welds  X  1000           irregular  shaped  ob- 

metals  and  in  a  few                 ^^^W'"^'^~~^--^  .^^^^^^^                 j^^'^     °^     ^^^    ^^^' 

minutes    the    metals           ^^^^^ft             \  ^^^^HpHI^             faces.     Electro-per- 

were  diffused  for  a       ,^^H|H  ^^^^^F "                                                  has 

distance   of   two   or     ^^K^^^                       \  ^^^^^B       '           jm       already  been  used  to 

three  inches.                  ^BBm'^'-                            \  ^^^^^B               "^^     ^    considerable 

This  type  of  weld    ^^^BT^.::^-  ^^^^^B                     ^     tent    in   the    joining 

offers         very    con-    ^^^HKI^                          /  ^^^^^V                         J     of  aluminum  wires; 

specimen     ^^^^^^V                        /  ^^^^^H                          .^     the 

the      ^^^^^H                       /  ^^^^^B                                           and    aluminum 

diffusion    of    differ-         ^^^^^E  ^^^HR                                 "'''^ '    P'^tinum  and 

ent  metals  at  differ-             ^^^^fc-        ^  ^^^Bf                                 nickel;    platinum 

ent  t  e  m  p  e  r  atures                    ^^■t»-''  ^^R._. ,-->="                   and  copper;  and  the 

and     under   various    ™-    "-micrograph    of    copper—  fig.    12— micro(,rafii   of   copper—       ^.-eldin?    of    various 

,                              ,.    .                                platinum    weld   X    1000  SILVER    WELD    X    lOOO                              u  ciuillg     Ul      VdlJUUS 

Other     conditions.  types     of      thermo- 

The  micrograph  of  Figs.  11  and  12  show  copper-plan-  couple  wires.     It  has  also  been  used  for  the  reclama- 

tinum  and  copper-silver  respectively.     Both  of  these  tion  of  short  pieces  of  wires  of  various  kinds,  such  as 

welds  show  a  sharp  dividing  line  at  i  000  diameters  aluminum,  platinum,  spring  steel,   etc. 


and  the  weld  of  Fig.  1 1  is  three  years  old. 

It  is  evident  that  the  electrical  resistance  of  two 
wires  welded  together  will  not  be  appreciably  in- 
creased by  the  small  film  of  high  resistance  alloy 
which  may  be  formed  in  welding.  Tests  of  a  wire  of 
85  alternate  pieces  of  aluminum  and  copper  joined 
with  84  welds  in  a  total  length  of  23.5  cms.  showed 
an  increase  of  0.56  percent  in  resistance  in  three 
years.  This  test  was  made  to  determine  whether  or 
not  diffusion  would  occur.  The  increase  is  small  and 
may  be  due  to  a  change  in  the  joints  or  may  be  due 
to  error  of  observation  or  oxidation  of  the  wire.  The 


The  electro-percussive  method  is  also  suitable  for 
many  applications  in  the  jewelry  trade,  such  as  the 
joining  of  platinum  without  showing  any  solder  line; 
the  welding  of  sterling  tips  to  table  forks  without  an- 
nealing; the  welding  of  pins  to  badges,  and  many 
other  similar  applications.  The  attachment  of  contact 
points  of  platinum,  tungsten,  silver,  etc.,  for  various 
electrical  purposes  is  also  very  readily  accomplished. 
The  electro-percussive  method  of  welding  o[iens  up  a 
wide  field  of  welding  hitherto  impossible.  It  also 
overlaps,  to  a  certain  extent,  some  of  the  present 
methods,  but  it  will  probably  never  supersede  the  ex- 
isting methods  for  the  welding  of  very  large  sections. 


Considerations  in  the  Design  of  Railway 

Motors 


BEARING    HOUSINGS 

THE  design  of  the  bearing  housings  for  oil  and 
waste  lubrication  which  has  been  almost  uni- 
versal!)' adopted  since  its  introduction  involves 
a  number  of  detail  features  which  have  to  be  watched 
closely.  It  is  usually  possible  to  make  the  housings  rug- 
ged enough  by  the  use  of  either  malleable  iron  or  steel 
castings  without  going  to  excessive  weights.  The 
provision  of  sufficient  capacity  of  oil  well  as  well  as 
a  sufficiently  large  hole  for  feeding  in  the  waste, 
often  affords  considerable  difficulty,  especially  in  case 
of  motors  for  very  small  wheel  diameters,  on  account 
of  the  small  motor  diameter.  Similar  difficulties 
often  prevail  in  motors  with  large  ratings  on  account 
of  space  limitations.  In  the  latter  case,  it  is  also  very 
difficult  as  a  rule  to  make  the  openings  for  feeding 


FIG.   6 — XEW 


the  oil  and  waste  accessible,  especially  in  such  cases 
where  the  design  of  the  brake  rigging  is  made  with- 
out giving  due  consideration  to  the  accessibility  of 
the  housing  opening.  Another  point  considered  in 
the  housing  design  is  the  particular  shape  of  the 
walls  supporting  the  waste  so  as  to  secure  a  good 
contact  between  the  waste  and  the  shaft,  permitting 
at  the  same  time  the  proper  feeding  of  the  oil  through 
the  waste.  It  is  further  necessary  to  provide  a  separ- 
ate gauging  opening  for  the  oil  and  sufficiently  large 
openings  between  these  and  the  oil  reservoir  to  per- 
mit free  passage  of  oil  even  with  a  certain  amount 
of  collection  of  dirt  at  the  bottom  near  the  connect- 
ing opening. 

It  has  already  been  intimated  previously  that  cer- 
tain difficulties  are  experienced  in  securely  holding 
the  armature  housing  to  the  upper  half  of  the  split 


R.  E.  Hellmund 
Railway  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company  i 

(Continued  from  October  issue) 

motor  frame.  Of  the  various  construction,  that  with 
two  bolts  going  through  the  frame  flange  in  the  hous- 
ing, have  so  far  given  the  best  results.  As  with  all 
other  constructions,  a  certain  amount  of  inspection 
is  required,  especially  with  regard  to  keeping  the 
two  bolts  tight.  A  frequent  tightening  of  these 
bolts  will  naturally  cause  a  certain  wear  of  the  thread 
on  the  bolts  as  well  as  on  the  housing.  In  the  case  of 
the  housing  this  is  rather  objectionable  because  it 
means  at  times  re-tapping  for  a  larger  bolt  and  conse- 
uqent  lack  of  interchangeability.  In  order  to  obviate 
this  condition,  the  construction  shown  in  Fig.  6  has  re- 
cently been  worked  out ;  while  maintaining  the  ad- 
vantages of  the  previous  method  its  disadvantages 
have  been  eliminated  through  the  introduction  of 
through  bolts  tapping  into  nuts  located  in  recesses  of 
the  housing.  In  this  case  a  worn  thread  does  not 
cause  much  expense  because  the  bolts  as  well  as  the 
nut  can  easily  be  replaced.  The  oil  well  openings 
should  of  course  be  provided  with  covers,  which  are 
held  closed  by  heavy  stiff  springs  during  operation, 
permitting  at  the  same  time  a  locking  of  the  covers 
in  an  open  position,  while  the  bearings  are  being 
packed  and  oiled.  The  covers  are  to  be  made  tight 
by  the  use  of  felt  lining  or  the  like.  In  addition,  they 
should  be  provided  with  deep  overhanging  skirts  as  a 
further  safeguard  against  dirt. 

AXLE  CAPS 

In  many  considerations,  the  design  of  motor  axle 
caps  are  much  the  same  as  in  the  case  of  motor  hous- 
ings, especially  with  regard  to  the  oiling  system.  In 
addition  it  is  desirable  to  have  the  bolts  holding  the 
axle  caps  in  the  frame  through  bolts.  Due  to  the 
space  limitations  it  is,  however,  especially  with  the 
lower  bolts,  often  impracticable  to  furnish  a  real 
through  bolt,  that  is,  a  bolt  which  can  freely  be  re- 
moved in  case  of  breakage.  The  best  substitute  pos- 
sible in  most  such  cases  is  a  bolt  which  screws  intO' 
a  nut  which  in  turn  is  located  in  a  recess  of  the  frame- 
In  case  of  a  breakage  it  is  in  this  case  at  times  neces- 
sary to  chisel  the  bolt  as  is  evident  from  Fig.  8,  as- 
suming, for  instance,  that  the  bolt  breaks  in  the  mid- 
dle between  the  head  and  the  nut.  Nevertheless,  such 
a  bolt  is  sJightly  superior  to  a  straight  tap  bolt  which, 
in  case  of  breakage,  has  to  be  drilled  out  and  with 
which  re-tapping  is  necessary  in  case  the  tap  in  the 
frame  wears  out.  It  is,  however,  again  on  account  of 
space  limitations,  not  always  practical  to  avoid  tap 
bolts  altogether,    without    adding    materially  to    the 
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weight  of  the  motor.  It  is,  therefore,  considered  too 
often  to  be  the  best  compromise  to  get  as  many  through 
bolts  as  possible  without  materially  adding  to  the 
weight  and  to  have  one,  sometimes  two,  tap  bolts  per 
axle  cap.  The  final  decision  depends  somewhat  on  the 
service  conditions.  With  certain  small  light  weight 
motors,  the  breakage  of  axle  cap  bolts  is  not  very  large, 
as  a  rule,  and  therefore  the  use  of  all  through  bolts  is 
Tiot  so  very  essential,  while  in  other  cases  such  break- 
age is  rather  frequent  and  it  becomes  more  important 
to  have  through  bolts. 

These  remarks  apply  principally  to  box  type 
motors ;  with  split  frame  motors  it  is  usually  not  very 
difficult  to  design  for  all  through  bolts,  if  the  motor 
is  split  near  the  horizontal  line  as  shown  in  Fig.   12. 

The  breakage  of  a.xle  cap  bolts  may,  of  course. 
be  reduced  by  designing  the  motor  so  that  the  bolts 
are  not  subjected  to  severe  stresses.  Among  other 
things  it  is  desirable  to  arrange  the  split  of  the  a.xle 
cap  so  that  the  bolts  do  not  have  to  carry  any  of  the 
motor  weight.  With  motors,  which  are  split  near 
the  horizontal   line,  this  can  be  accomplished   rather 


BEARINGS 

One  point  deserving  serious  consideration  in  bear- 
ing design  is  to  provide  proper  means  for  preventing 
the  oil  from  getting  into  the  motor.  This  can  be  ac- 
complished by  the  proper  combination  of  oil  throwers 
and  oil  catching,  grooves  in  the  bearing  and  housing, 
as  well  as  holes  and  channels  guiding  the  oil  outside 
of  the  motor,  where  it  may  either  be  dropped  on  the 
ground  or  caught  in  a  pocket  provided  for  that  pur- 
pose. 

With  the  armature  bearings,  as  well  as  the  axle 
bearings,  much  attention  has  to  be  given  to  a  design 
which  permits  an  easy  removal  of  the  bearings  provid- 
ing at  the  same  time  secure  means  for  preventing  the 
bearings  from  shifting  or  turning.  Due  to  the  vibra- 
tion and  pounding  of  railway  motors,  this  is  not  very 
easily  accomplished  and  some  trouble  has  been  ex- 
perienced in  the  past  with  the  wearing  out  of  both 
keys  and  dowel  pins,  as  well  as  other  more  or  less 
complicated  substitutes.  In  some  of  the  more  up-to- 
date    constructions,   however,   a   detail    study   of    the 
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easily  as  a  rule  because  there  the  split  of  the  axle 
bearing  may  be  readily  made  horizontal  as  shown  in 
Fig.  10.  A  similar  arrangement  usually  leads  to 
rather  bad  complications  in  connection  with  box 
type  motors  as  well  as  with  split  motors  which  are 
split  under  an  angle  of  about  45  degrees.  There  it  is, 
as  a  rule,  either  necessary  or  at  least  more  practical, 
to  have  the  split  nearer  the  vertical  than  to  the  hori- 
zontal. \\'ith  the  usual  construction  of  axle  caps  for 
bo.x  type  motors,  a  large  inclination  of  the  split  line 
leads  to  a  bad  arrangement  of  the  oiling  system  as 
will  be  seen  from  Fig.  7.  This  figure  shows  that  as  a 
consequence  of  the  large  inclination  of  the  split,  the 
oil  window  has  to  be  shifted  down  and  the  position 
of  the  waste  is  such  that  it  drops  away  from  the  win- 
dow on  account  of  its  own  weight  which  in  turn,  may 
make  the  oiling  system  inoperative  and  cause  trouble 
in  the  axle  bearings.  Fig.  8  shows  how  this  condi- 
tion is  avoided  in  modern  motors,  with  the  usual 
angle  of  split.  It  might  further  be  mentioned  that  a 
large  inclination  of  the  split  makes  it  more  difficult 
to  use  through  bolts  for  the  lower  axle  cap  bolts,  as 
demonstrated  in  Figs.  7  and  8. 


FIG    9 — VIEW     SHOWING    END     AND     MIDDLE     DCST    GU.\RDS     OX     A. 
LARGE    RAILWAY     MOTOR 

pressing  and  clamp  fit  of  the  bearings  in  their  seats 
have  led  to  a  very  reliable  design. 

A  further  subject  in  connection  with  the  bearing 
design  is  the  choice  of  the  proper  liearing  material.  In 
this  connection  a  distinction  should  be  made  between 
the  material  of  the  wearing  surface  and  the  material 
of  the  shell.  The  materials  for  the  wearing  surface 
commonly  used  are  bronze,  tinned  bronze  and  babbitt. 
The  materials  used  for  the  shells  may  be  divided  into 
two  classes. — first,  materials  like  bronze  or  brass 
which,  besides  being  adapted  as  a  shell,  may  be  used 
at  the  same  time  as  a  wearing  surface  either  perma- 
nently or  in  case  of  emergency ;  second,  materials 
which  do  not  make  good  wearing  surfaces  like  cast 
iron,  malleable  iron  and  cast  steel. 

The  choice  between  various  materials  is  to  a  very 
great  extent  governed  by  design  considerations  relat- 
ing to  other  parts  of  the  motors.  It  has,  for  instance, 
previously  been  shown  that  the  thickness  of  axle  bear- 
ing shells  has  a  certain  influence  upon  the  gear  center 
distance  and  that  in  many  cases  it  is  highly  desirable 
to  make  the  shell  as  thin  as  possible.  This  can  best 
be  accomplished  by  the  use  of  a  bronze  shell  which  has 
good  mechanical  strength,  preferably  without  a  bab- 
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bitt  lining.  As  a  matter  of  fact  space  considerations 
in  this  respect  are  in  many  designs  as.  for  instance,  in 
motors  for  small  wheel  diameters,  as  well  as  in  motors 
of  very  large  ratings,  such  that  there  remains  jirac- 
tically  no  other  alternative.  Cast  iron  or  steel  shells 
with  baliliitt  lining  would,  it  made  mechanically  strong 
enougii,  require  entirely  too  much  space  in  this  case. 
In  the  case  of  armature  bearings,  a  bronze  bearing 
with  or  without  babbitt  lining  is  usually  a  little  handier 
from  a  design  point  of  view,  again  for  the  reason  that 
it  can  be  made  thinner  and  that  it  therefore  requires 
less  space  than  other  bearings.  This  is  often  impor- 
tant due  to  the  fact  that  in  many  designs  too  large 
bearings  interfere  with  the  effective  ventilation. 

With  regard  to  cost,  it  might  be  stated  that  as  a 
rule  bearings  with  bronze  or  brass  shells  are  more  ex- 
pensive than  cast  iron  or  malleable  iron  shells  with 
babbitt.      Under     normal     conditions,     that     is,    with 
the    bronze    shells  designed  as    light    as    mechanical 
considerations  permit,  the  difference  is  not  excessive. 
The  difference,  however,  may  be  quite  appreciable  if 
bronze    shells    are   supplied    in     motors     which     were 
designed  for  iron  shells  in  the  first  place.    The  differ- 
ence may  also  be  appreciable  in  case  of  a  motor  which 
is  designed  for  large  axle  diameter  and  used  in  con- 
nection with  a  rather  small  axle  because  the  bronze 
shell  has  to  be  made  comparatively  thick  in  this  case. 
The  next  point  to  be  considered  is  the  service- 
abilit)'  of  the  various  materials.    As  a  wearing  surface, 
bronze  is  usually  best  adapted  for  low-speed  bearings, 
while    with    high-speed   bearings    it    is    liable   to   give 
trouble  on  account  of  running  hot,  especially  in  the 
beginning  when  the  bearing  is  not  worn  in.     There- 
fore,  babbitt  lining  is   usually  to   be  preferred  as  a 
wearing  surface  material  in  high-speed  bearings,  such 
as  the  armature  bearings  of  railway  motors.  Wherever 
bronze   is  used  for  the  wearing  surface,  as  is  most 
commonly  done  in  connection  with  axle  bearings,  the 
danger  of  running  hot  in  the  beginning  is  somewhat 
reduced    by   giving   the   bearing   a   thin   coat   of    tin. 
Bronze  is  somewhat  supertor  to  many  grades  of  bab- 
bitt on  account  of  its  greater  ability  to  resist  pounding 
or  hammer  blows  ;  while  this  difference  is  quite  marked 
in   the   case   of   a   great   many   clieap  babbitts   in   the 
market,  there  is  a  rather  small  dift'erence  in  case  of 
high-grade  babbitts,*  but  even  with  only  a  small  differ- 
ence it  seems  that  bronze  should  be  preferred  as  a 
wearing   surface   in   axle   liearings,   because   the   me- 
chanical   shocks    and    pounding    are    (juite    excessive 
with  these  bearings,  while  at  the  same  time  their  low 
speed  reduces  the  danger  of  running  liot  to  a  mini- 
mum.    This  latter  remark  applies  especially  to  larger 
motors;  with  smaller  light-weight  motors,  the  effect 
of  hammer  blows  is  not  so  great  and  it  is  quite  possi- 


.  *It  is  of  interest  to  note  in  this  connection  that  cer- 
tain cheap  alloys  can  be  made  to  stand  up  practically  as 
well  as  soiiie  of  the  expensive  tin  base  alloys,  if  they  are 
properly  handled  before  and  during  the  process  of  bab- 
bettingf. 


ble  to  obtain  very  satisfactory  results  with  babbitted 
bearings.  In  armature  bearings  wiiich  are  much  less 
subjected  to  blows  and  which  at  the  same  time  are 
high  si)eed  the  use  of  babbitt  lining  for  a  wearing  sur- 
face would  seem  most  advantageous. 

There  is,  of  course,  a  difference  between  the 
amount  of  wear  with  different  bearing  materials. 
This,  however,  depends  so  much  upon  the  particular 
composition  of  the  various  bronzes  and  the  various 
babbitts,  as  well  as  upon  a  large  multitude  of  local 
ojierating  conditions,  such  as  car  and  motor  weight, 
motor  suspension,  schedule  of  speed,  gear  ratios,  the 
liability  of  getting  dirt  in  the  bearings,  the  nature  of 
such  dirt,  etc.,  that  it  is  exceedingly  difficult  to  give 
any  reliable  general  information.  It  is  necessary  for 
the  operating  man  to  investigate  this  point  for  his  own 
local  conditions  by  comparative  tests  and  investiga- 
tions. 

The  material  of  the  shell  has  also  some  influence 
upon  the  serviceability  in  the  case  of  railway  motors. 
\\  h.ere  the  bearings  are  always  subject  to  pounding  or 
hammer  blows,  as  mentioned  before,  a  straight  bronze 
bearing  or  a  tinned  bronze  bearing  is  best  adapted  to 
withstand  it.  The  phosphor-bronze  or  even  the 
brass  bearing  with  a  babbitt  lining  should  be 
superior  in  this  rcsjject  to  any  of'the  iron  shells  with 
babbitt  because  the  babbitting  of  bronze  shells  will  per- 
mit a  complete  amalgamation  between  the  bronze  or 
brass  and  the  babbitt,  while  an  actual  amalgamation  is 
not  possible  between  babbitt  and  iron.  Wherever  the 
connection  between  the  shell  and  the  babbitt  material 
is  not  perfect,  there  is  always  a  chance  that  the  babbitt 
will  pound  loose. 

With,  regard  to  maintenance  cost  of  bearings,  the 
first  thing  of  importance  is  the  number  of  car  miles 
which  can  be  obtained  from  a  certain  bearing ;  as  pre- 
viously intimated  the  operating  engineer  should  collect 
data  along  this  line.  The  second  item  of  importance 
is  the  cost  for  putting  the  bearing  back  into  operating 
condition,  or  for  replacing  it.  after  it  has  worn  a  cer- 
tain amount.  .\n  iron  or  steel  bearing  can,  of  course, 
be  rebabbitted  at  a  rather  small  expense.  A  babbitted 
bronze  or  brass  bearing  may  also  be  rebabbitted  at  a 
comjiaratively  small  cost  if  proper  appliances  are  avail- 
able to  prevent  warping,  and  if  the  bearing  has  not 
been  allowed  to  wear  so  much  that  not  only  the  babbitt 
but  also  a  large  part  of  the  shell  has  worn  away,  in 
which  latter  case  it  may  be  necessarj-  to  scrap  the 
shell.  A  bronze  bearing  if  worn,  either  must  be 
scrapped  or.  if  not  worn  too  much,  it  mav  be  used 
again  by  babbitting  it.  The  scrapping  of  a  bronze 
bearing,  while  appearing  to  be  rather  expensive  at  first 
thought,  is  found  to  be  rather  cheap  in  many  cases  on 
account  of  the  high  scrap  value  of  bronze.  Many  of 
the  larger  railway  companies  use  the  scrap  material 
themselves  for  recasting  new  bearings  and  obtain 
thereby  a  very  small  cost  of  maintenance.  A  further 
point  to  be  considered  is  the  necessity  for  scrapping  a 
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bearing  whiclT  arises  sometimes  due  to  the  fact  that 
the  bearing  has  worn  on  the  outside  where  it  is  seated. 
Such  wear  is  more  liable  to  occur  with  brass  than  with 
bronze,  and  bronze  in  turn  is  somewhat  more  liable  to 
wear  than  an  iron  or  steel  shell,  but  with  the  proper 
means  for  holding  the  bearings  in  their  seats  there 
should  not  be  any  wear  in  either  case.  In  such  cases, 
however,  where  there  is  any  wear,  it  is  better  to  have 
bronze  shells,  because  they  wear  themselves,  while  iron 
or  steel  shells  are  liable  to  wear  the  housing  seat,  in 
case  of  armature  bearings,  or  the  frame  and  axle  caps, 
in  case  of  axle  bearings.  This  is  very  objectionable 
because  it  is  much  more  expensive  and  troublesome  to 
replace  or  repair  housings,  frames  and  axle  caps,  than 
to  replace  a  bearing  shell. 

Another  point  to  be  considered  in  connection  with 
maintenance  cost  is  the  breaking  of  shells,  either  in 
service  or  during  the  process  of  rebabbitting.  There 
is  very  little  trouble  with  shells  breaking  in  service  ex- 
cept possibly  in  the  case  of  cast  iron  shells,  the  use  of 
which  has  practically  been  abandoned  for  this  reason. 

For  the  handling  of  the  bearings  in  the  shop  dur- 
ing the  process  of  repair  and  especially  in  the  case  of 
rough  handling,  the  heavy  cast  steel  shell  is,  of  course. 


FIG.     10— TVPES    OF    DUST    GUARDS    BETWF.EN     BEARINGS     USED    ON 
SMALL    MOTORS 

Tliis  motor  was  photographed  upside  down  to   show  details. 

I)referable  to  a  malleable  iron  shell  and  a  heavy  mal- 
leable iron  shell  is  usually  preferable  to  a  bronze  shell 
on  account  of  the  fact  that  for  design  and  cost  reasons 
the  bronze  shells  are  usually  made  rather  thin ;  finally, 
a  bronze  shell  is  much  superior  to  a  brass  shell  on  ac- 
count of  the  superior  mechanical  properties  of  bronze. 
With  properly  designed  bearings  and  reasonable  care 
in  repairing,  the  item  of  breakage  while  handling 
should  not  affect  the  cost  of  maintenance  materially. 
The  material  of  the  bearing  may  have  an  impor- 
tant influence  upon  the  maintenance  of  other  parts  of 
the  motor.  Of  special  importance  in  this  connection 
is  the,  damage  which  may  be  caused  by  an  armature 
coming  down  on  the  jtole  pieces  on  account  of  the  bab- 
bitt melting  out  of  the  babbitted  bearing.  This,  of 
course,  is  not  possible  with  a  non-babbitted  bronze 
bearing ;  neither  is  it  possible  with  a  properly  designed 
bronze  bearing  with  babbitt  lining  because  it  is  quite 
feasible  to  make  the  babbitt  lining  so  thin  that,  even 
after  the  babbitt  is  melted,  the  shaft  can  temporarily 


run  on  the  shell  without  liability  of  the  armature 
tiniching  the  poles.  With  an  iron  or  steel  shell,  the 
babbitt  lining  has  to  be  made  thicker  and.  in  case  the 
babbitt  melts  out,  the  armature  will  in  most  cases 
touch  the  poles. 

With  all  of  the  above  facts  before  us.  it  is  evident 
that  none  of  the  possible  bearing  materials  and  com- 
binations can  combine  all  advantages,  and  it  seems 
rather  hard  to  make  the  proper  choice.  This  means 
that,  here  again,  there  must  be  a  compromise. 
A  great  number  of  leading  operating  engineers 
seem  to  prefer  bronze  bearings  for  both  armature  and 
that  a  number  also  preferred  babbitted  bearings  for 
both  axle  and  armature  while  no  apparent  difference 
seemed  to  exist  in  the  operating  conditions,  thus  indi- 
cating that  there  was  an  opportunity  for  the  railway 
operating  engineers  to  establish  standards  for  bearings 
through  the  railway  engineering  associations. 

As  mentioned  before,  the  choice  is  made  easy  in 
some  cases  as,  for  instance,  in  case  of  axle  bearings 
where  there  is  no  room  for  anything  but  a  tinned 
bronze  shell.  But  even  for  other  cases,  it  seems  that 
the  best  compromise  for  the  axle  bearings  is  as  a  rule 
a  tinned  bronze  bearing,  although  in  some  cases  a 
babbitted  iron  bearing  may  be  preferred  and  will, 
especially  in  the  case  of  lighter  motors,  usually  give 
good  all  around  results.  The  best  compromise  for 
armature  bearings  seems  to  be  bronze,  or  possibly  a 
brass  shell,  with  a  thin  babbitt  lining. 

DUST  GUARDS 

Closely  related  to  the  bearing  design  is  the  de- 
sign of  means  for  preventing  dust  from  getting  into 
the  bearings.  Such  means  are  undoubtedly  desirable 
in  localities  where  there  is  much  sand  dust  which  is 
liable  to  wear  out  both  the  bearings  and  the  shaft  or 
axle.  On  the  other  hand,  it  should  be  considered  that 
additional  parts  are  required  for  properly  protecting 
the  bearings,  and  that  in  some  particularlv  clean  lo- 
calities their  up-keep  might  oft'-set  their  advantages. 
Fig.  10  shows  the  form  of  dust  guard  commonly  used 
on  the  outside  of  the  axle  bearings.  \'arious  forms 
of  dust  guards  have  been  used  between  axle  bearings. 
In  the  case  of  large  motors  where  the  axle  caps  are 
very  heavy,  it  is,  of  course,  desirable  to  have  a  dust 
guard  which  may  be  removed  without  disturbing  the 
axle  caps  in  order  to  permit  an  inspection  of  the  axle 
bearings.  Such  a  construction  is  shown  in  Fig.  9. 
In  smaller  motors,  the  construction  shown  in  Fig.  10 
works  out  to  advantage.  It  will  be  seen  that  small 
covered  openings  have  been  provided  for  checking 
the  wear  in  the  axle  bearings  without  removing  the 
axle  caps  and  dust  guard. 

SHAFTS 

There  is  no  doubt  that  for  mechanical  rea- 
sons the  shaft  should  have  as  large  a  diameter  as 
possible.  There  are,  however,  numerous  design  ob- 
jections to  a  shaft  which  is  unnecessarily  heavy; 
for   one    thing,  a   heavy  shaft    means    large  bearings. 
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increasing  the  weight,  as  well  as  possibly  the  main- 
tenance cost  of  the  same.  It  is  further  a  fact  that  in 
many  designs  tl;e  large  shaft  and  large  bearings  in- 
terfere with  the  ventilation  of  the  motor.  It  is  there- 
fore again  necessary  to  compromise  by  giving  the 
shaft  a  reasonable  margin  of  safety  without  handicap- 


FIG.     II — PRESSED    STEEL    GEAR    CASE    WITH    TWO-POI.NT 
SUSPEXSIOX    SHOWING    OVERHAXGIXG    PORTIONS 

ping  the  design  unnecessarily  in  other  respects.  It 
might  be  especially  mentioned  that  the  strains  on  the 
commutator  end  of  the  shaft  are  very  small  and  that 
there  is  therefore  no  necessity  for  making  the  shaft 
at  that  end  particularly  large  and  heavy.  On  the 
other  hand,  it  is  very  desirable  to  have  a  reasonably 
large  shaft  diameter  wherever  the  punchings  are 
mounted  directly  on  the  shaft,  a  practice  which  seems 
quite  justifiable  for  small  motors  if  proper  means  are 
supplied  for  removing  the  shaft  without  disturbing 
the  windings  or  the  core.  Shaft  breakage  can  often  be 
avoided  by  providing  the  proper  fillet  in  the  shaft 
wherever  there  is  a  change  in  diameter. 

GEAR  CASE  AND  CASE  SUPPORT 

The  construction  of  the  gear  case  and  its  proper 
support  has  been  much  discussed.  Fundamentally 
considered  the  gear  case  is  nothing  more  or  less  than 
a  receptacle  for  securely  retaining  certain  lubricants 
and  a  guard  for  protecting  the  gears  from  dirt  and 
sand.  Anything  for  filling  this  purpose  properly 
should  be  considered  a  good  gear  case  and  it  is  evi- 
dent that  it  does  not  require  anything  but  a  compara- 
tively thin  wall  of  suitable  material  properly  designed 
to  do  this.  With  the  urgent  necessity  for  low  weight 
in  railway  work,  it  would  therefore  seem  that  cast 
materials,  which  have  to  be  made  rather  heavy  on 
account  of  casting  considerations,  are  not  very  advan- 
tageous, W'hile  the  use  of  sheet  steel  appears  to  be  ad- 
visable. The  only  objection  to  sheet  steel  is  that  a 
welded  gear  case  is  rather  hard  to  keep  tight  while 
a  pressed  steel  gear  case  requires  very  expensive 
tools.  Wherever  large  quantities  of  standard  ma- 
terial may  be  sold,  this  latter  objection  is  not  very  im- 
portant and  in  such  cases  the  decision  should  be  in 
favor  of  the  pressed  steel  gear  case  without  any  doubt. 

For  all  other  cases,  there  is  the  choice  between 
the  heavy  weight  of  malleable  iron  and  the  liability 
of  leakage  of  a  sheet  steel  gear  case  \vith  welded  or 
other  joints.     Especially  for  larger  motors  where  the 


welded  joints  are  more  difficult  to  make,  the  cast  gear 
case  seems  almost  the  lesser  of  the  two  evils. 

Some  operators  prefer  the  cast  gear  case  even 
to  the  pressed  steel  case  because  they  think  there  is 
less  liability  of  damage  by  hitting  stones  and  the  like 
and  it  may  be  true  that  in  a  few  cases  heavy  cast  gear 
cases  have  stood  up  where  a  pressed  sheet  steel  gear 
case  would  have  been  damaged.  On  the  other  hand 
the  cost  of  hauling  around  the  heavier  case  should  be 
considered  and  that  a  few  bumps  on  a  sheet  steel  gear 
case  may  easily  be  straightened  out,  while  any  dam- 
age to  a  cast  gear  case  usually  means  a  new  case. 

Two  methods  of  supporting  the  gear  case  are  at 
present  used  and  are  commonly  known  under  the 
name  of  "two-point"  and  "three-point"  suspension. 
Fig.  II  shows  a  typical  two-point  suspension.  The  real 
fundamental  difit'erence  between  the  two  suspensions 
is  in  the  number  of  points  of  support,  one  requiring 
a  greater  number  of  bolts ;  also  the  three-point  suspen- 
sion supports  the  gear  case  where  it  is  the  weakest, 
while  the  two-point  suspension  supports  the  gear  case 
at  its  two  ends  and  avoids  all  strains  in  the  gear  case 
proper.  With  a  very  heavy  cast  gear  case  and  heavy 
lugs,  fair  results  may  be  obtained  with  the  three-point 
suspension.  With  the  sheet  steel  gear  case,  however, 
the  three-point  suspension  means  either  a  very  weak 
construction  or  the  use  of  ven,-  heavy  reinforcing 
pieces  reaching  around  from  the  side  of  the  gear  case, 
under  the  gear  case,  the  w-eight  of  which  means  that 
the  main  advantage  of  the  sheet  steel  gear  case,  name- 
ly the  small  weight,  has  to  be  sacrificed  to  a  large  ex- 
tent. In  this  connection  it  might  be  mentioned  that 
a  certain  small  amount  of  damage  to  gear  cases,  as 
well  as  to  the  members  supporting  it  will  always  be 
experienced.  Whenever  the  gear-case  happens  to  hit 
and  run  on  top  of  some  obstruction,  a  large  part  of 
the  car  weight  rests  directly  on  the  gear  case  and  its 
supports ;  it  would  require  an  unduly  heavy  construc- 
tion to  take  care  of  such  accidents. 

Another  problem  to  be  met  in  the  design  of  a 
gear  case  is  to  keep  the  lubricant  from  getting  out  of 
the  split  and  to  keep  the  water  from  getting  in.  This 
condition  is  very  easily  met  with  a  sheet  steel  case  as 
.shown  in  Fig.  12  by  the  overhanging  sheets  which 
serve  at  the  same  time  partly  as  supports   for  the 


FIG.    l2— <3iOSS-SECTI0XAL    VIEW    OF    SHEET    STEEL    CE.\R    CASE 

gear  case.  With  cast  gear  cases  space  considerations 
make  it  practically  impossible  to  provide  for  protect- 
ing overhanging  portions,  and  tightness  of  the  joint 
can  only  be  secured  by  very  good  workmanship.  With 
cast  two-point  suspension  gear  cases  good  results  can 
usually  be  obtained  by  clamping  a  piece  of  canvas  be- 
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tweeii  the  iiiacliined  arms  of  the  gear  case  supports 
and  the  supiJortiiig  portions  of  the  gear  case. 

As  a  matter  of  course,  the  gear  case  has  to  be 
]jrovi(led  witli  an  opening  on  top  to  permit  the  intro- 
duction of  the  lubricant.  The  rim  of  this  opening  as 
well  as  the  overhanging  skirt  of  the  cover  should  be 
made  comparatively  high  in  order  to  prevent  the  dirt 
which  usually  collects  on  top  of  the  gear  case  from 
falling  into  the  opening.  A  stitt  spring  for  holding 
the  cover  closed  during  operation  should  be  provided, 
allowing  at  the  same  time  a  locking  of  the  cover  in 
the  <)j)en  position  during  the  process  of  lubricating 
and  during  inspection. 

GEAR   AND    PINION 


riic  subject  of  gear  and  pinion  is  in  itself  a  very 
important  one,  but  it  is  not  proposed  to  cover  this 
wide  field  here  any  more  than  it  influences  the  de- 
sign of  the  motor  proper.  \\'ith  large  ratings  wdiich 
fill  the  gauge  completely  the  width  of  the  gear  influ- 
ences the  motor  design  in  so  far  as  whatever  width  is 
used  for  the  gears  is  not  available  for  the  motor. 
Therefore  it  is  of  course  not  good  policy  in  such  cases 
to  make  the  gears  any  wider  than  necessary  to  be 
reasonably  safe  in  the  gear  design. 

The  pitch  chosen  for  the  gears  is  of  some  in- 
fluence upon  the  motor  design  in  so  far  as  a  smaller 


FIG.    13 — A    SUCCESSFUL    TYPE    OF   SHEET  STEEL  COMMUTATOR  COVER 

Shown   in  place  at  the  left. 

pitch  permits  in  many  cases  a  somewhat  larger  gear 
ratio.  This  means  at  times  lower  current  consump- 
tion or  in  other  cases  the  possibility  of  using  a  higher 
speed  and  therefore  a  lighter  and  cheaper  motor.  On 
the  other  hand  too  small  a  gear  pitch  is  very  objec- 
tionable because  it  does  not  give  satisfactory  opera- 
tion with  the  large  clearances  which  arc  allowed  to 
exist  on  many  ])roperties  in  the  armature  and  axle 
bearings.  With  good  maintenance  of  the  bearings, 
the  use  of  a  small  gear  pitch  is,  of  course,  less  ob- 
jectionable :  in  other  words,  this  is  another  compro- 
mise between  power  consumption,  power  cost  and 
weight  of  motor  and  maintenance. 

It  would  further  be  often  possible  to  secure  the 
advantages  of  a  large  gear  ratio  by  choosing  a  very 
small  number  of  teeth  in  the  pinion;  but  again  v^-e  find 
that,  on  going  too  far  in  this  direction,  we  encounter 
other  difficulties.  For  instance,  too  few  teeth  in  a 
pinion  will  cause  excessive  wear;  also  the  small  diam- 


eter going  with  a  small  number  of  teeth  means  a  re- 
duction of  the  material  between  the  root  of  the  teeth 
and  the  seat  of  the  shaft  and  key  way.  This  in  turn 
introduces  the  liability  that  the  jiinion  will  break,  usu- 
ally between  the  root  of  the  teeth  and  the  keyway. 
.'■iometimes  it  is  possible  to  improve  the  situation  by 
using  a  small  shaft  diameter  for  the  pinion  seat  but, 
of  course,  it  is  not  advisable  to  go  very  far  in  this  di- 
rection. A  small  gain  may  at  times  be  secured  by 
making  an  especially  shallow  key,  thereby  reducing 
the  depth  of  the  keyway.  Again,  it  is  possible  to  omit 
the  key  altogether  and  secure  thereby  a  stronger  hub 
with  a  small  pinion.  This,  however,  has  the  disadvan- 
tage that  there  is  no  safeguard  against  the  running 
away  of  the  armature  in  a  case  where  the  pinion  is  not 
properly  shrunk  on. 

COMMUTATOR  COVER 

The  commutator  cover,  as  well  as  other  covers  of 
the  motor  serve  the  purpose  of  closing  up  certain  holes 
which  are  necessary  for  inspection.  Therefore,  they 
are  not  subjected  to  any  mechanical  strains  and  should 
be  made  as  light  as  possible  and  of  material  which 
cannot  easily  be  broken  in  handling.  In  other  words, 
slieet  steel  is  the  proper  material.  The  occasional  use 
of  other  materials  is  possibly  excusable  in  spite  of  the 
additional  weight  in  cases  where  the  number  of  covers 
is  not  sufficient  to  warrant  the  expense  for  tools 
usually  necessary  in  connection  with  sheet  steel  covers. 
\\  hile  most  of  the  covers  are  bolted  to  the  frame,  it  is, 
in  the  case  of  the  commutator  cover,  desirable  to  have 
it  easily  removable,  but  at  the  same  time  securely  held 
against  \ibrations  to  prevent  its  coming  off  in  opera- 
tion. The  sheet  steel  cover,  shown  in  Fig.  13.  is  giving 
very  good  results. 

AXLE  COLLARS 

In  some  smaller  sizes  of  motors  which  do  not 
completely  fill  the  space  between  the  wheel  hubs,  an 
axle  collar  is  required,  the  purpose  of  which  is  to 
fill  the  empty  space  on  the  axle  and  to  present  a 
proper  wearing  surface  to  take  up  the  end  thrust  of 
the  axle  bearing.  It  is,  of  course,  again  desirable  to 
keep  the  weight  at  a  minimum,  which  purpose  has 
been  accomplished  by  the  pressed  steel  axle  collar,  in 
combination  with  the  pressed  steel  motor.  It  has  been 
found  that  a  fiber  collar  on  the  axle  collar  represents 
the  best  known  material  for  the  wearing  surface 
above  referred  to.  Axle  collars  may  be  designed  to 
be  adjustable  to  take  care  of  the  wear  of  the  axle 
bearing  collars,  the  wheel  hub  and  the  axle  collar.  If 
the  adjustment  is  made  use  of,  it  is  quite  advan- 
tageous, because  small  side  clearance  will  materially 
reduce  shocks  and  hammer-blows,  which  in  turn  will 
undoubtedlv  have  a  beneficial  eiTect  upon  the  life  of 
the  motor  and  its  parts.  The  adjustable  feature  is  of 
course  a  waste  of  money,  if  it  is  not  used,  as  has  been 
found  in  a  good  Tianv  cases. 


The  Journal  Question  Box 

Our  lubscribert  are  invited  to  luc  this  department  b»  a  meaiu  of  tecuring  autJientic  informatioo  oa  dectrical  and  medbajucal  ml^ecti. 
The  topics  should  be  of  general  interest;  information  involving  the  specific  design  of  individual  pieces  of  apparatus  cannot  be  supplied.  Care 
should  be  used  to  include  ail  data  necessary  for  an  intelligent  answer. 

A  personal  reply  is  mailed  to  each  questioner  as  Mon  as  the  necessary  information  can  be  secured,  providinf  a  self-addressed,  itamped 
envelope  accompanies  the  query.  As  each  quesbon  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reasonable  length  of  tuna 
should  be  allowed  before  expecting  an  answer. 


1 1 28 — Three-Phase     Meter     Leads  — 

Is  llicro  any  ri':isiiii  why  the  current 
and  potential  leads  of  the  same  three- 
phase  circuit  cannot  be  run  in  the 
same  conduit   to  the  switcliboard? 

J.  R.  V.  (new  York) 
There  is  no  reason  why  all  the  leads 
named   should   not  be   run   in   the   same 
conduit.  vv.  B. 

1 1 29 — Inherent  Reactance  of  Alterna- 
tors— Several  iirticles  on  llie  subject 
of  protective  reactances  when  dealing 
with  short-circuit  currents  of  gener- 
ators take  the  value  of  such  currents 
to  be  TOO  percent  reactance.  In  an 
article  appearing  in  tlie  Journ.\l  for 
-April  '14,  and  in  the  reply  to  No.  iioi. 
it  is  stated  that  tlie  maximum  possible 
amount  =  180  percent  reactance,  this 
being  the  current  obtained  when  the 
short-circuit  wave  is  displaced  en- 
tirely to  one  side  of  the  zero  line.  In 
the  case  of  a  three-phase  short  circuit 
it  is  evident  that  all  three  phases 
would  not  meet  this  condition  and  I 
should  like  to  know  how  the  maxi- 
mum k.v.a.  is  determined  under  such 
conditions.  Should  some  number  be- 
tween 100  and  180  be  used?  It  seems 
strange  that  so  many  writers  have 
neglected  to  take  account  of  the  phe- 
nomenon described,  and  I  should  like 
to  know  whether  this  is  due  to  ig- 
norance or  to  their  using  a  different 
quantity  for  "inherent  reactance." 

E.  c.  J.  (new  York) 
In  the  case  of  a  three-phase  short  cir- 
cuit, if  the  short-circuit  current  in  one 
phase  is  a  maximum,  the  peak  values  of 
the  current  in  the  other  two  phases  will 
be  approximately  75  percent  of  the 
maximum  possible  peak  value.  The  re- 
lation between  the  instantaneous  cur- 
rent values  in  the  three  phases  during 
the  first  cycle  will  be  approximately  as 
shown  in  Fig.  1120  (a).  This  sketch 
is  based  on  the  two  assumptions  thai 
the  sine  component  does  not  decrease 
in  value  and  that  the  logarithmic  com- 
ponent is  constant  in  value.  While  this 
sketch  does  not  show  the  exact  con- 
ditions, it  does  show  the  typical  form 
of  the  three  curves  and  the  relations 
between  them.  Fig.  3,  p.  197,  of  the 
JoURX.M.  for  April  shows  the  three  cur- 
rents in  a  three-phase  short-circuit, 
showing  the  theoretical  relationship. 
From  the  peak  values  taken  from  this 
oscillogram  and  given  as  the  first  item 
in  Table  1,  p.  igq.  it  will  be  noted  that 
the  peak  value  of  the  A  phase  is  78 
percent  of  the  peak  value  of  the  B 
phase,  and  that  the  A  and  C  currents 
are  very  nearly  symmetrical.  Very 
many  oscillograms  of  three-phase  short- 
circuits  do  not,  however,  exhibit  this 
theoretical  relation  between  the  three 
currents.  For  example,  in  Fig.  u,  p. 
105,  tlie  peak  value  of  the  current  in 
ihe  B  phase  should  be  appro.ximately 
the  same  height  as  the  peak  value  of 
the  current  in  the  A  phase :  otherwise 
these  curves  are  typical  of  the  correct 
relation.  Yerv  manv  of  these  discrep- 
ancies in  actual  oscillograms  can  be  ac- 


counted for  by  tlie  fact  that  in  no  case 
do  the  three  contacts  short-circuiting 
the  three  phases  close  at  exactly  the 
same  instant.  Some  departure,  there- 
fore, from  the  theoretical  relations 
should  be  expected.  The  total  k.v.a.  at 
any  instant  during  a  three-phase  short- 
circuit  could  be  determined  only  from 
the  three   currents   existing  at  that  in- 
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FIG.    1129    (a) 

slant  and  the  three  corresponding  gen- 
erated voltages.  However,  the  k.v.a. 
is  not  of  practical  importance.  The 
currents  only  are  of  importance  and 
usually  we  are  concerned  only  with  the 
ma.ximum  current  that  occurs  in  any 
one  phase.  Strictly  speaking,  the  volt- 
age existing  in  any  part  of  the  circuit 
at  any  time  after  the  instant  of  short- 
circuit  will  be  less  than  the  voltage  ex- 
isting the  instant  before  short-circuit. 
.\t  the  point  of  short-circuit,  the  volt- 
age in  the  circuit  will,  of  course,  be 
zero.  This  reduction  in  the  voltage 
makes  the  k.v.a.  of  little  importance.  It 
has  been  the  practice,  although  with 
no  justification,  to  speak  of  k.v.a.  and 
current  as  being  proportional.  This,  of 
course,  assumes  line  voltage  to  exist 
during  short-circuit,  which  is  incorrect. 
It  is  believed  that  the  practice  of  calcu- 
lating the  short-circuit  current  as  100 
divided  by  the  percentage  reactance 
is  due  to  a  lack  of  analysis  of  the 
conditions  rather  than  to  ignorance.  As 
far  as  known  there  has  been  no  differ- 
ence in  the  quantity  used  as  inherent 
reactance.  F.  D.  x. 

1 130 — 25  Cycle  Converter  on  60  Cycles 
— What  changes  would  be  necessary 
to  use  a  300  k\v,  three-phase,  25 
cycle,  6co  volt  (direct-current)  com- 
pound wound  rotary  converter  on  60 
cycles.  J.  T.  K.  (PEX.v.\.) 

.\  complete  new  rotatin.g  part  will  be 
required  having  greater  mechanical 
strength  and  fewer  armature  conduc- 
tors and  commutator  bars.  The  kilo- 
watt capacity  will  be  increased,  due  to 
the  higher  speed.  The  stator  of  the 
starting  motor  will  have  to  be  rewound. 

F.  D.  N. 

1131 — Direct-Current  Arc  Lamp  on 
Alternating  Current — What  elianges 
will  it  be  necessarv  to  make  in  a  di- 
rect-current, focusing  automatic  feed 
arc  lamp,  to  adapt  it  tor  use  on  a 
60  cycle  circuit.  The  operating  mech- 
anism is  actuated  by  a  series  coil 
which  is  wound  on  a  brass  tube  with 
lirass  end  plates  and  held  in  position 
by  brass  nuts :  the  core  is  solid  iron ; 


the  upper  carbon  is  one-half  inch  an  1 
the  lower  one  three-eighths  inch  in 
diameter.  I  have  tried  the  lamp  on  a 
60  cycle,  1 10  volt  circuit,  and  find 
that  the  metallic  parts  in  the  mag- 
netic circuit  get  very  hot. 

w.  I.  II.  (dist.  of  col.) 
Judging  from  the  way  the  question 
is  asked,  the  only  serious  difficulty  met 
with  has  been  the  heating  of  the  metal- 
lic parts  of  the  coil  frame.  This  can 
be  overcome  bv  slotting  the  metallic 
end  plates  of  the  coil  and  the  central 
brass  tube  as  shown  in  Fig.  113!  (a), 
and  by  substituting  for  the  solid  core 
one  of  laminated  iron ;  that  is.  one 
made  up  of  thin  strips  of  soft  iron  riv- 
eted together.  It  will  be  necessary  to 
use  cored  carbons  and  their  diameter 
and  that  of  the  holders  will  have  to  be 
changed,  as  in  the  alternating-current 
lamps  the  consumption  of  the  upper 
carbon  is  relatively  slower  than  in  the 
direct-current  lamp.  If  the  focusing 
mechanism  is  arranged  to  feed  the 
upper  carbon  faster  than  the  lower  one. 


FIG.  1 131  (a) 

it  may  be  necessary  to  change  the  gear 
ratio  in  order  to  secure  the  proper  rate 
of  feed.  The  amount  of  light  secured 
for  the  same  watt-consumption  will  be 
less  with  the  alternating-current  lamp. 
It  will  be  more  economical  to  use  a 
choke  coil  with  the  alternating-current 
lamp  in  place  of  the  ordinary  resistance 
wire  which  is  probably  in  use  with  the 
direct  current.  If  the  lamp  is  noisy 
when  operating  on  alternating  current 
the  coil  should  be  mounted  on  springs. 

G.   M.  L. 

1 1 32 — Lighting  Scheme — In  Fig.  1132 
(a)  is  shown  a  method  for  controll- 
ing an  electrolier  circuit  on  the  high- 
tension  side  at  the  station  switch- 
board. The  load  consists  of  10  elec- 
troliers, each  provided  with  four  63 
watt  and  one  100  watt  tungsten 
lamps.  The  object  is  to  be  able  to 
cut  out  the  lower  four  60  watt  lamps 
and  leave  the  one  100  watt  lamp  burn- 
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FIG.  1 132  (a) 

ing.  This  will  require  a  two  kilo- 
watt transformer  for  the  100  watt 
lamps  and  a  five  kilowatt  transformer 
for  the  (io  watt  lamps.  \\'ill  the  cir- 
cuit connection  with  two-pole  and 
single-pole  switches  arranged  as  in- 
dicated give  the  desired  results? 
Please    note    that    the    five    kilowatt 
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transformer,     when     the     singlc-poIe 
switch    is    open,    is    in    multiple    with 
the    secondary    of    the    two    kilowatt 
transformer     through     the     resistance 
of    the    lower    lamps.  _  We    have,    of 
course,    hoth    the    resistance    of    the 
lamps  and   the  impedance   of  the   five 
kilowatt     transformer     in     tlie     lower 
circuit  when  the  single-pole  switch  is 
open.     Will    this    permit    a    sufficient 
flow    of    current    through    the    lower 
lamps    to   overload    the   two   kilowatt 
transformer    and   would    it   be    detri- 
mental  to  the   service?   c.  c.  n.  (neb.) 
This  method  of  control  for  the  lamps 
will  be  entirely  satisfactory.     However, 
with    this    connection    the    middle    wire 
of   the    secondary   circuit    must    have    a 
carrying  capacity  equal   to   the   sum   of 
the   two   outside   wires.      Hence    so   far 
as  the  cost  of  copper  is  concerned  there 
is  no  advantage   in  connecting  together 
the   secondaries   of  the  two  transform- 
ers,   and   two   entirely    separate   circuits 
mav  be  run.     If  the  distances  involved 
are    such    that    the   cost    of    copper    be- 
comes  an   object,    it   would   pay   to   re- 
verse the  polarity  of  one  of  the  trans- 
formers, in  which  case  the  carrying  ca- 
pacity of  the  middle  wire  need  be  only 
the    'difference     between     the     carrying 
capacities  of  the  outside  wires  when  all 
the  lamps  are  burning.     This  would,  of 
course,  provide  ample  carrying  capacity 
for  the  current   of   the   too  watt   lamps 
when   the   otlier  circuit   is   open.     With 
the  connection  shown  or  with  the  polar- 
ity  reversed    as   suggested,    there    is    no 
potential    impressed    on    the    secondary 
of   the   five   kilowatt   transformer   when 
the     single-pole     switch     is     open,     and 
hence  there  is  no  excitation  current  to 
this  transformer.     The  load  on  the  two 
kilowatt   transformer   in   this    case   will 
be  that  of  the  loo  watt  lamps  only. 

c.  R.  R. 
1 133 — Cleaning   Commutators — Is   the 
use  of  kerosene   injurious  to  commu- 
tator mica,  or  to  the  brushes? 

J.  J.  B.  (CAL.) 

Kerosene  or  other  oils  should  be  used 
on  commutators  only  as  a  cleansing 
agent  and  then  only  in  very  small 
amounts.  It  is  best  applied  by  means 
of  a  cloth  slightlv  dampened  by  means 
of  the  oil,  rubbed  on  the  commutator 
when  it  is  running  slowly  without  volt- 
age. The  oil  is  injurious  to  the  mica 
(causing  it  to  pit),  rather  than  to  the 
brushes.  F.  D.  N. 

1134 — Exciter  Trouble  —  We  have 
three  i  500  kw,  l  500  r.p.m.,  370  volt 
turbine  driven  generators.  The  field 
excitation  is  supplied  by  a  125  volt, 
300  ampere  shunt  wound  non-commu- 
tating  pole  exciters,  regulated  by  type 
TA  form  C6,  TirriU  regulators  (al- 
ternating volts  100  to  125,  exciter 
volts  70  to  140)  The  exciters  are 
direct-connected  to  the  generators  and 
are  in  parallel  on  the  switchboard. 
The  regulators  are  adjusted  to  main- 
tain normal  line  voltage  at  no  load 
with  84  volts  on  the  exciter.  The  ex- 
citer load  varies  from  75  to  150  am- 
peres and  a  range  of  exciter  potential 
of  ys  to  no  volts  is  required  to  cover 
the  full  range  of  load  on  the  gen- 
erators. The  line  load  fluctuates  from 
1000  to  4000  amperes  per  machine. 
The  exciters  see-saw  and  do  not  di- 
vide their  loads  evenly.  The  com- 
mutators run  black  a  few  hours  after 
starting.  They  have  been  turned  off 
true  and  the  brushes  all  spaced  evenly 
at  18.7s  bars  apart  on  four-pole  ma- 
chines, (a) — Is  the  trouble  in  the 
exciters  or  in  the  regulators?     If  we 


would  set  all  the  rheostats  at  the  same 
point  to  maintain  the  exciter  voltage, 
cut  the  regulator  out  of  service,  and 
shift  the  brush  yokes  on  the  exciters 
until  they  divided  the  load  evenlj-, 
then  adjust  the  relay  contacts  on  the 
regulator  to  the  same  clearance  when 
open  and  i)ut  the  regulator  back  in 
service,  would  this  help  matters?  (b) 
— Should  not  the  regulator  maintain 
normal  generator  voltage  when  the 
circuit  breakers  open  and  the  load 
drops  to  zero?  (c) — When  the  load  is 
taken  from  the  generators  is  it  proper 
for  the  regulator  to  drop  out  of  serv- 
ice and  let  the  rheostats  care  for  1he 
voltage?  (d) — What  should  be  the 
clearance  of  the  relay  contacts  on  the 
regulator?  .\.  c.  (oHio) 

(a) — It  is  not  clear  why  the  load 
should  vary  from  y^  to  150  amperes 
while  the  exciter  voltage  only  varies 
from  75  to  no  volts,  unless  occasional 
hand  adjustment  is  made  of  the  gen- 
erator field  rheostat.  No  adjustment 
should  be  made  of  the  generator  field 
riieostat  after  the  regulator  is  running, 
and  the  rheostats  are  set  to  their  proper 
predetermined  point.  Then  the  current 
in  the  alternator  field  should  vary  di- 
rectly with  the  exciter  voltage.  The 
generator  field  rheostats  should  be  set 
to  give  only  70  volts  instead  of  80,  if 
possible,  at  no  load.  The  see-sawing  of 
the  load  between  the  exciters  may  be 
caused  by  variations  in  speed  of  the 
prime  movers  driving  the  exciters,  or 
the  exciter  field  rheostats  are  not  prop- 
erly adjusted.  These  rheostats  should 
be  adjusted  until  exactly  six  seconds 
are  required  for  the  exciter  to  drop  its 
voltage  from  125  to  25  volts.  This  will 
usually  mean  that  the  voltage  will  con- 
tinue to  drop  gradually  to  7  to  15  volts, 
after  the  six  seconds.  This  adjustment 
should  be  made  with  the  exciter  under 
load,  using  one  of  the  alternator  fields 
with  the  rheostat  all  turned  out  as  the 
load ;  the  alternator  in  this  case  should 
not  be  running.  If  there  is  no  see^ 
sawing  of  the  speed  of  these  exciters, 
and  the  exciter  field  rheostats  are  ad- 
justed alike  as  above,  there  should  be 
no  appreciable  exchange  of  current  be- 
tween the  exciters,  provided  the  regu- 
lator is  in  proper  adjustment.  The 
regulator  is  a  benefit  to  the  commuta- 
tion of  exciters  rather  than  a  detri- 
ment, as  the  regulator  holds  the  mini- 
mum exciter  voltage  required  at  all 
times.  Before  adjusting  the  exciter 
field  rheostat,  the  full  load  neutral  posi- 
tion of  the  brushes  should  be  found, 
and  if  this  position  gives  sparkless  com- 
mutation at  no  load,  assuming  the 
brushes  are  equally  set  and  properly 
fitted,  they  should  be  marked  and  left 
at  the  full  load  neutral  point,  as  this 
will  assist  in  the  parallel  operation  of 
the  exciter.  After  determining  the 
proper  position  of  brushes  on  all  the 
exciters,  the  field  rheostat  of  one  gener- 
ator should  be  adjusted  so  that  70  volts 
on  the  exciter  will  give  normal  no-load 
alternating  voltage.  Then,  with  this 
rheostat  marked  in  this  position,  this 
unit  should  be  shut  down,  and  the  fields 
of  this  generator  used  as  a  load  to  get 
the  proper  adjustment  of  the  other  ex- 
citers to  give  the  time  constants  previ- 
ously stated.  This  can  be  done  readily 
with  the  plant  in  regular  operation,  by 
having  one  machine  on  the  system  tak- 
ing care  of  the  load,  having  one  exciter 
running,  and  placing  jumpers  from  the 
exciter  leads  to  the  fields  of  the  gen- 
erator. This  can  be  done  back  of  the 
board,  so  that  the  instruments  are  all  in 


use,  as  well  as  the  main  generator  field 
rheostat.  This  would  not  interfere  in 
any  way  with  the  exciter  bus-bars,  as 
the  switch  to  the  exciter  bus-bars  of  the 
exciter  being  adjusted,  as  well  as  the 
switch  from  the  bus-bars  to  the  field  pf 
the  generator  wdiich  is  not  running  but 
is  being  used  as  a  load,  would  both  be 
open.  The  generator  field  rheostat  dur- 
ing this  adjustment  should  be  set  to  the 
predetermined  70  volt  point.  In  this 
way,  the  exciter  and  generator  field 
rheostats  can  all  be  readily  adjusted, 
and  these  adjustments  arc  important  in 
order  to  obtain  the  required  regulation, 
as  well  as  proper  division  of  load  be- 
tween the  exciters  (b) — Yes.  The 
regulator  should  maintain  the  required 
voltage  under  all  conditions  of  load 
provided  the  generator  and  exciter  field 
rheostats  are  properly  adjusted  as 
above,  (c) — No.  It  is  not  proper  for 
the  regulator  to  drop  out  of  service  and 
leave  the  regulation  to  the  field  rheo- 
stats if  all  the  rheostats  are  properly 
adjusted,  as  above,  (d) — The  clearance 
between  the  relay  contacts  when  open 
should  be  about  onc-thirty-second  of  an 
inch.  ..\.  .\.  T. 

1 1 35 — Current   Transformers   in   Par- 
allel— We    have    two    250/5    ampere 
current  transformers,  having  the  same 
characteristics,    which    we    intend    to 
use   in   one  leg   of   a  balanced   three- 
phase  circuit  carrying  500  amperes.    Is 
there   any   technical   objection   against 
connecting     the     primaries     of     both 
transformers  in  parallel  and  their  sec- 
ondaries in  series  as  in  Fig.  1135   (a) 
to  obtain  the  correct  proportion  500/5? 
c.  J.  M.  (w.\SH.) 
There    is    no    objection    to    operating 
current  transformers  as  indicated,  pro- 
vided care  is  taken  to  keep  the  primary 
impedance     of     the     two     transformers 
equal.     If     connections     are     carelessly 
made,    the   primary   impedances   due   to 
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FIG.  n3S  (a) 

contact  resistance  at  the  terminals  may 
be  quite  different.  In  such  a  case  the 
transformer  having  the  lower  impe- 
dance will  develop  sufficient  voltage  to 
compel  practically  equal  division  of  pri- 
mary current  between  the  two  trans- 
formers. This  is  equivalent  to  an  over- 
load on  the  secondary  and  may  cause 
considerable  error  especially  in  trans- 
formers of  low  volt-ampere  capacity. 

W.   R.    \V. 


CORRECTIONS 

In  the  Journal  for  Sept.,  1914,  p.  467, 
Table  I,  the  words  "Central  Colorado 
Power  Co."  should  read  ''Colorado 
Power  Co."  The  plant  capacity  of  this 
company  is  26000  k.v.a.  and  the  trans- 
mission distance  at  100  000  volts  is  183 
miles.  On  p.  488  of  the  same  issue 
"Equation  14"  should  occur  below  the 
three  lines  which  appear  just  above  Fig. 
I.  In  the  footnote  at  the  end  of  this 
article  on  p.  489.  the  last  phrase  in  the 
numerator  of  the  fraction  should  be 
RB'X  instead  of  RB'-. 
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The  subject  to  which  this  issue  is  de- 
Progress  in  voted — Industrial  Control — should  be 
Industrial  o^  especial  interest  to  Journal  readers. 
Control  Very  little  information  on  this  sub- 
ject resulting  from  actual  experience 
has  been  published.  While  there  are  books  without 
number  on  the  design  and  application  of  motors  and 
generators,  the  subject  of  electrical  control  is  very 
briefly  passed  over  and  the  files  of  our  libraries  con- 
tain scarcely  anything  on  this  subject.  We  do  not  be- 
lieve that  there  has  been  any  intention  of  slighting  con- 
trol engineering  or  of  creating  an  impression  that  it  is 
unimportant,  but  rather  that  it  is  recognized  as  a  field 
for  the  specialist.  Unfortunately  for  many  engineers 
in  charge  of  industrial  plants  and  for  the  younger 
graduates  in  electrical  engineering  who  are  looking 
about  for  a  field  on  which  to  concentrate,  no  one  has 
attempted  any  complete  work  on  this  subject. 

A  little  consideration  of  the  articles  in  this  issue 
on  the  magnet  switch  and  its  accessories,  the  study 
and  care  given  to  their  design  and  manufacture  and  the 
many  different  applications  to  procure  varied  results, 
will  indicate  the  broad  field  of  possibilities  and  the  ne- 
cessity for  the  wide  knowledge  of  apparatus  which  the 
successful  control  engineer  must  possess.  As  the  suc- 
cessful manager  must  know  the  characteristics  of  the 
individuals  under  his  charge  and  so  divide  their  work 
and  responsibilities  as  not  to  exceed  their  respective 
limitations,  so  must  the  control  engineer  know  the  ap- 
paratus he  employs  and  the  work  it  is  to  do.  This  is 
especially  true  of  work  requiring  the  employment  of 
the  magnet  switch,  since  the  performance  of  the 
controller  then  becomes  automatic  or  semi-automatic 
and  the  parts  of  the  controller,  though  individual 
pieces  of  apparatus,  are  nevertheless  interdependent. 
The  failure  of  one  part,  or  the  oversight  and  omission 
of  consideration  of  one  necessary  function,  breaks 
down  the  whole  scheme  of  operation. 

In  the  past  few  years  a  large  number  of  articles 
have  been  written  on  the  subject  of  scientific  manage- 
ment and  a  number  of  experiments  have  proven  the 
possibilities  in  the  way  of  increased  production.  In 
general  the  principles  have  been  considered  as  bearing 
on  the  human  machine — motion  study  of  the  individu- 
al. The  application  of  an  automatic  switch  controller 
is  a  good  example  of  the  use  of  the  same  principles  in 
the  electro-mechanical  field.  To  expand  this  similar- 
ity, it  may  he  said — As  the  spinal  cord  and  nervous 
system  of  the  perfected  workman,  under  the  training 
of  scientific  management,  is  to  his  machine  and  its 
work,  so  is  the  controller  to  the  motor  and  its  work. 

We  believe  the  time  has  come  when  the  motor 
and  controller  will  be  selected  for  the  work  they  are 


to  perform  with  as  much  care  and  thought  as  the  man 
is  selected  for  his  work.  Indeed  there  are  good  rea- 
sons why  they  should  be  selected  with  greater  care. 
The  characteristics  of  the  control,  motor  and  machine 
are  known — can  be  definitely  foretold;  the  apparatus 
is  not  mobile — cannot  be  shifted  easily  from  one  class 
of  work  to  another  until  it  fits  the  proper  niche;  it 
represents  an  expenditure  which  is  not  cancelled  by 
discharging. 

Some  manufacturers  have  been  alive  to  these 
points  and  have  made  a  careful  study  of  the  work  to 
be  performed,  and  they  have  found  that  by  the  use  of 
suitable  control  apparatus  the  required  cycle  of  opera- 
tions may  be  performed  with  much  smaller  motors 
than  if  the  motors  are  not  so  controlled.  They  have 
also  found  that  suitable  control  prevents  overworking 
their  machinery,  with  consequent  heavy  repairs  due  to 
useless  strain  put  on  it  at  the  wrong  time  and  place, 
resulting  in  no  commensurate  gain  in  output.  They 
have  been  led  to  study  and  report  the  cycle  of  opera- 
tions just  as  carefully  as  the  expert  of  scientific  man- 
agement makes  motion  studies  and  with  the  same  re- 
sult— increased  product  at  lower  cost. 

The  efficiency  of  the  automatic  electric  control  of 
today  is  the  efficiency  of  the  magnet  switch,  which 
was  introduced  as  a  natural  growth  of  the  unit  system. 
Motors  of  large  horse-power  were  not  common  in  the 
industrial  field  at  the  time  of  its  introduction.  Where 
electric  power  was  employed  operators  were  more  or 
less  skilled  and  the  well-known  drum  type  of  control- 
ler met  all  requirements.  Then  came  the  demonstra- 
tions of  the  economy  of  electrical  installations  and  the 
increase  in  size  of  units  of  power.  The  designers  and 
manufacturers  reached  the  limit  at  which  they  could 
meet  the  needs  with  the  drum  type  of  controller  safely 
and  economically  and  the  industrial  superintendent 
reached  the  limit  beyond  which  he  did  not  care  to 
entrust  his  more  valuable  machinery  and  output  to  the 
judgment  of  an  individual  of  varying  ability  and 
moods.  It  was  evident  that  the  unit  system  was  the 
only  one  that  would  meet  the  varying  requirements, 
maintain  a  standard  product  and  keep  the  expense  of 
special  developments  within  reason  by  giving  the  man- 
ufacturer the  advantage  of  tools,  good  patterns  and 
the  ability  to  supply  accurate-fitting  spare  parts. 

This  has  resulted  in  the  magnetically-operated 
unit  switch — not  merely  a  circuit  breaker,  but  a  circuit 
maker  as  well ;  not  a  switch  made  up  of  a  large  num- 
ber of  parts,  that  can  be  relied  upon  to  operate  a  few 
times  a  day  only,  but  a  switch  of  few  parts,  rugged 
in  design,  sure  in  action  and  able  to  stand  up  to  its 
work  of  millions  of  operations  under  the  most  severe 
conditions,  with    few    and   quickly-made    renewals  of 
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parts.  To  procure  a  switch  which  would  insure  free- 
dom from  interruptions  of  service  meant  many  times 
its  cost  to  the  mill  superintendent  and  master  me- 
chanic. Such  demands  on  apparatus  not  only  call  for 
good  design  and  engineering  but  for  excellent  work- 
manship in  manufacture — elaborate  sets  of  tools,  well 
designed  and  well  made.  The  apparatus  must  not  only 
be  the  best  but  reasonable  in  cost  and,  where  such 
hard  service  is  required,  wearing  parts  must  be  inter- 
changeable and  renewable  with  as  little  trouble  and  as 
much  rapidity  as  may  be. 

This  all  seems  simple — self-evident.  The  idea  of 
requiring  a  paragraph  to  express  it.  But,  it  was  "a 
long,  long  way  to  Tipperary"  as  any  control  engineer, 
electrical  superintendent  or  manufacturer  will  tell 
you.  The  reason  is  plain ;  materials  of  construction 
improve,  conditions  change.  The  best  of  yesterday  is 
not  good  enough  for  the  exacting  requirements  of  to- 
day. In  the  early  days  the  requirements  were  met, 
considering  the  material  at  hand,  probably  as  well  as 
today,  but  the  striving  producer  said : — "Since  you 
have  successfully  done  that,  do  this,"  and  he  rianded 
to  the  designers  another  and  more  difficult  problem  or 
they  set  the  task  for  themselves.  Then  he  called  for 
greater  speed  or  scope  of  work.  He  again  said: 
"Since  the  500  horse-power  motor  and  controller  are 
earning  money,  let  us  apply  the  same  type  of  ap- 
paratus to  larger  equipments — make  me  a  i  000  horse- 
power controller."  These  requirements  gave  the  in- 
centive to  the  engineer  and  to  the  manufacturer  and 
have  resulted  in  the  apparatus  of  today. 

It  is  interesting  to  note  the  progress  of  the  art  of 
electrical  control  as  brought  out  in  the  present  group 
of  articles.  These  have  been  contributed  by  men  most 
closely  in  touch  with  their  subjects — men  who  have 
worked  to  overcome  the  limitations  of  the  apparatus  of 
earlier  dates  and  to  meet  ever-increasing  exactments ; 
to  look  into  the  future ;  to  do  all  possible  to  protect  the 
machinery,  the  workman  and  the  work ;  to  give  maxi- 
mum production  at  minimum  cost  and  to  eliminate 
hazard  as  far  as  possible. 

But  the  engineer  and  the  manufacturer  have  not 
accomplished  this  unaided.  They  have  been  led  on 
and  backed  up  by  the  users — the  mill  men,  the  elec- 
trical superintendents,  the  chief  engineers  and  the 
operators.  Their  cooperation  and  interest,  suggestions 
and  pleadings  and,  many  times,  demands,  have  given 
the  incentive  to  strive  for  the  best  attainable.  Their 
assistance  is  acknowledged  with  pleasure  and  the 
necessity  for  their  forbearance  at  times,  with  regret. 
But  whatever  the  problem,  they  have  been  ever  willing 
to  add  their  experience  and  assist  in  the  solution. 

The  unit  switch,  with  its  accessories,  has  made 
the  control  problems  of  today  soluble.  "Tomorrow  is 
another  day,"  but  whatever  its  problems,  we  have  no 
doubt  that  the  fraternity  of  designers,  manufacturers, 
engineers  and  operators  which  has  made  the  industrial 
field  what  it  is  today,  will  solve  them. 

F.  D.  Hallock 


In    most    electrical    installations,    the 
An  Appeal     controller  is  assumed  to  be  a  minor 
for  detail    and,    therefore,    is    not    given 

Controller  much  consideration.  Colleges  and 
Education  technical  schools  confine  their  study 
of  this  kind  of  apparatus  to  a  few  lec- 
tures and  prolilems,  and  no  special  text  book  is  avail- 
able to  help  those  who  wish  to  study  further.  The  nat- 
ural result  of  this  lack  of  information  is  that  the  con- 
troller is  a  comparatively  unknown  piece  of  electrical 
machiner}',  and  is  usually  blamed  for  troubles  that  arc 
encountered.  A  controller  in  its  broadest  sense  is  the 
apparatus  which  connects  a  generator,  motor  or  trans- 
former to  another  electrical  machine  or  to  a  line.  It 
may  regulate  the  voltage  of  the  generator  or  the  speed 
and  direction  of  rotation  of  the  motor.  It  is  like  a  har- 
ness to  a  horse  and  wagon.  It  ties  the  generator  to  the 
load  or  the  motor  to  the  line,  and  governs  the  voltage  of 
the  generator,  or  the  speed  or  direction  of  motion  of 
the  motor,  somewhat  as  a  harness  is  used  to  govern  a 
horse  and  to  supply  the  connecting  link  between  the 
source  of  power  and  the  load.  No  one  would  think  of 
buying  a  horse  and  wagon  without  a  harness,  and  yet, 
when  you  think  of  it,  a  harness  must  receive  intelligent 
care  in  its  construction  and  selection  to  give  the  horse  a 
chance  to  do  his  best  work.  It  must  not  only  fit  the 
horse  but  it  must  be  strong  enough  to  allow  the  horse 
to  pull  the  load,  and  at  the  same  time  must  provide 
means  whereby  the  driver  can  control  the  horse.  A 
harness  maker  should  know  a  lot  about  horses  and 
must  also  know  about  the  different  kinds  of  work 
that  horses  are  likely  to  do. 

A  controller  engineer  must  understand  thoroughly 
the  operation  and  characteristics  of  motors  and  gener- 
ators ;  he  must  consider  transmission  line  condi- 
tions; he  must  have  transformer  regulation  in 
mind  and  he  must  know  how  to  use  meters.  Good 
service  can  often  be  obtained  from  a  very  poor  motor 
or  generator  by  using  a  carefully  considered  con- 
troller, and  the  very  best  of  motors  and  generators  can 
be  wrecked  by  the  use  of  an  improperly  selected  con- 
troller. Dynamo  designers  know  about  flux  densi- 
ties, about  permeability  of  iron  and  steel,  about  hys- 
teresis and  windage  losses.  Controller  engineers  are 
not  particularly  interested  in  these  but  are  concerned 
with  torque,  current  consumption,  speed  regulation, 
and  the  effect  of  variations  in  field  strength  on  speed 
and  torque,  and  in  addition  to  all  these,  they  must  be 
thoroughly  familiar  with  the  characteristics  of  all  kinds 
of  electrically-operated  machinen,',  such  as  pumps, 
fans,  machine  tools,  cranes,  elevators,  street  cars.  In 
other  words,  they  must  know  what  a  motor  or  genera- 
tor will  do,  the  requirements  of  the  load  and  how  to 
make  the  motor  or  generator  fulfill  these  requirements. 
A  study  of  control  engineering  gives  the  stu- 
dent a  working  knowledge  of  the  construction  and 
operation  of  motors  and  generators  which  is  different 
from  that  obtained  when  studying  the  design  of  these 
machines  individually.     He  puts  himself,  figuratively, 
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in  the  place  of  either  of  these  machines  to  see  what 
it  must  do  to  carr}'  the  load,  and  whether  the  motor 
be  series,  compound,  shunt,  squirrel-cage,  wound- 
rotor  or  synchronous,  he  must  be  familiar  with 
what  it  will  do.  This  knowledge  is  also  of  infinite 
value  to  the  sales-engineer.  He  knows  what  can  be 
done  with  each  kind  of  motor  and  he  can  get  unex- 
pectedly satisfactory  results  with  a  motor  that  might 
usually  be  considered  as  entirely  unsuitable. 

The  controller  branch  of  electrical  engineering 
requires  therefore  a  broader  and  a  more  general 
knowledge  of  the  sciences  than  any  other.  College  and 
technical  school  instructors  should  give  it  more  atten- 
tion, should  study  the  subject  thoroughly  and  endeavor 
to  understand  the  importance  and  the  necessity  of  real 
controller  education.  H.  L.  Bkacii 


The    unqualifiedly    successful    results 
Magnet       so  far  accomplished  by  the  use  of  the 
Control    in    magnet  type  of  control  in  steel  mills, 
Steel  Mills     as     well     as     other     industries,     has 
demonstrated  definitely  that  the  time 
and  attention  given  to  the  development  and  applica- 
tion  of    this   type   of    apparatus    is    fully    warranted. 
While  much  progress  has  been  made  in  the  better- 
ment of  operating  conditions,  there  still  exists  a  wide 
field    for    further    improvement    in    the    nature    of 
changes   in   existing  apparatus   and   the   development 
of  new  systems. 

The  article  by  Mr.  Ahrens  on  "Magnetic  Control 
for  Steel  Mill  Auxiliary  Motors"  emphasizes  the 
necessity  and  importance  of  improved  control  sys- 
tems for  the  many  motor  applications  of  this  industry, 
from  the  small  isolated  machine  tool  motor  to  mill 
applications,  such  as  the  screw-down,  the  successful 
service  of  which  is  vital  to  the  continuity  of  operation 
of  the  plant.  This  is  well  in  accord  with  present 
tendencies,  for  altliough  it  has  been  considered  in  the 
past  that  magnetic  control  was  only  practical  for  the 
most  severe  service  and  larger  motor  units,  it  is  be- 
coming a  more  general  opinion  today  that  the  uni- 
versal application  of  magnetic  control  is  warranted 
with  but  few  exceptions.  The  small  difference  in 
first  cost,  as  compared  with  other  types  of  controllers, 
is  more  than  offset  by  the  advantages  gained  in  the 
majority  of  cases.  In  the  older  forms  of  magnet  con- 
trol the  systems  were  rather  complicated,  but  now  this 
objection  has  practically  been  eliminated. 

Safety  is  one  feature  of  operation,  of  which  the 
greatest  assurance  is  given  by  the  use  of  magnetic  con- 
trollers, and  this  advantage  alone  often  warrants  their 
adoption.  Another  advantage,  in  the  case  of  machine 
tools  in  particular,  is  that  greater  output  is  obtained 
with  reduced  power  and  the  general  efificiency  of  out- 
put is  bettered  in  other  ways. 

There  is  much  that  can  be  said  about  the  details 
of  design  of  this  apparatus,  but  the  main  requisite  is 
to  have  it  reliable  and  durable  and  then   applied  to 


meet  tin-  wide  variations  in  voltage,  load,  etc.,  that  are 
more  or  less  common  to  steel  mill  operation. 

The  control  systems  of  today  have  done  much  to 
eliminate  the  weak  features  of  the  older  types  and  de- 
signs, and  with  the  many  improved  and  eminently 
satisfactory  designs  of  motors  available  at  present,  a 
more  diligent  and  persistent  effort  on  the  part  of  the 
operating  and  the  manufacturing  conipanies  to  equip 
these  motors  properly  for  their  various  applications 
will  insure  a  great  improvement  in  the  operation  of 
motor-driven  machines.  Brent  Wiley 


Liquid  rheostats  have  been  used  ex- 
Liquid         tensively  abroad  both  for  starting  and 
Rheostats     controlling  the  speed  of  motors  used 
in    industrial    work.     Their      use    in 
America    has,    until    recently,    been    rather    restricted 
but  on  account  of   their  many  inherent  advantages, 
their  application  is  siire  to  become  more  general  in  a 
short  time.     However,  to  make  them  successful,  the 
conditions  of  service  mu.st  be  investigated  carefully 
and  the  installation  designed  accordingly. 

As  Mr.  Thau  has  pointed  out  in  this  issue  of  the 
Journal,  the  principal  advantages  of  the  liquid 
rheostat  are  that  it  affords  a  means  of  smooth  con- 
trol, that  it  is  simple  in  design  and  economical  in 
maintenance.  The  liquid  rheostat  has  another  ad- 
vantage which  is  particularly  apparent  when  used  in 
comiection  with  large  installation?;  that  is,  its 
economy  of  space.  In  the  control  of  all  large  alter- 
nating-ciirrent  motors  there  is  the  ever-present 
problem  of  dissipating  the  heat  wasted  in  resistance. 
If  a  grid  resistor  is  used  it  must  have  sufficient 
radiating  surface,  and  this  often  means  a  bulky  ag- 
gregation of  cast  iron.  With  a  fluid  resistance,  the 
problem  is  much  simplified,  as  various  artificial  means 
of  cooling  may  be  used.  The  ordinary  way  is  to  cool 
the  liquid  by  means  of  circulating  water  through  it  in 
the  same  manner  that  the  oil  in  water-cooled  trans- 
formers is  cooled.  Other  means  are  available  and 
have  been  used.  The  electrolyte  itself  may  be  circu- 
lated through  pipes  located  in  a  cooling  pond.  The 
heat  in  the  electrolyte  may  even  be  utilized  to  raise 
the  temperature  of  water  for  other  purposes,  an  ap- 
[ilication  which  has  actually  been  used  in  one  installa- 
tion. If  water  is  not  readily  available  for  cooling,  the 
electrolyte  may  be  circulated  through  a  system  of  ra- 
diators and  cooled  by  air.  and  an  installation  of  this 
sort  is  now  being  made.  The  flexibility  of  the  meth- 
ods that  may  be  used  to  get  rid  of  heat  is  one  of  the 
main  advantages  of  this  type  of  control. 

To  date,  liquid  rheostats  have  been  restricted  al- 
most exclusively  to  the  control  of  alternating-current 
motors.  In  England,  however,  and  I  believe  in  Ger- 
many, they  have  been  used  to  a  limited  extent  with 
direct-current  motors,  and  with  proper  design  and 
application  there  is  no  reason  why  their  use  should 
not  be  extended  to  some  classes  of  direct-current  work 
in  this  countrv.  Girard  B.  Rosenblatt 


The  Magnet  Switch 


E.  A.  Hanff 

Industrial  Control  Division, 
Westingliouse  Electric  &  Mfg.  Company. 

THE  SUCCESSFUL  operation  of  any  machine  or  piece  of  apparatus  depends  as  much  upon  the  cor- 
rect design  of  its  individual  elements  as  upon  the  method  of  combining  these  elements  to  make  up  the 
complete  machine.  Just  as  the  strength  of  a  chain  is  determined  by  that  of  its  weakest  link,  so  is  the  life 
or  continuity  of  service  of  an  -lectrical  machine  affected  by  the  behavior  of  its  constituent  parts.  There 
is  probably  no  class  of  apparatus  to  xvhich  this  principle  is  more  applicable  than  the  various  types  of 
controllers,  and  in  particular  magnet  switch  controllers. 

THE  CONTROLLER  may  be  considered  as  the  the  plunger  or  closed  type,  is  by  far  the  most  satis- 
medium  through  which  a  motor  may  be  made  factory.  Fig.  i  shows  the  latest  development  in  this 
to  perform  a  desired  service  subject  to  the  will  type  of  magnet  switch  for  direct-current  operation  and 
of  the  operator.  Whether  its  function  is  to  assist  in  Fig.  5  shows  a  similar  switch  arranged  for  alter- 
putting  the  motor  through  a  certain  cycle  of  opera-  nating-current  operation.     In  this  switch  the  moving 

tions,  or  to  guard  against  part  rotates  about  a  fixed  center,  thus  eliminating  any 

the   suicidal   tendencies   of  rubbing  or  tendency  to  bind,  such  as  is  liable  to  occur 


the  motor  in  the  event  of 
a  ground  or  short-circuit, 
each  element  must  per- 
form its  predetermined  op- 
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called  into  action  or  the 
severity  of  the  disturbance 
resulting  from  abnormal 
circuit  conditions. 

The  variety  of  applica- 
tions of  controllers  is  very 
great  and  new  fields  are  constantly  being  entered.  In 
many  applications  of  electricity  to  industries  where 
the  steam  or  gas  engine  has  long  claimed  supremacy, 
the  controller  engineer  is  able  to  simplify  the  prob- 
lems of  the  application  engineer  often  to  the  extent 


in  the  plunger  type  of  switch,  in  which  the  moving 
member  must  slide  upon  parts  of  the  stationary  mem- 
l)er. 

Tile  contacts  are  designed  so  that,  as  the  switch 
eration,  regardless  of  the  closes,  the  contacts  roll  upon  each  other,  and  at  the 
frequency  with  which  it  is      same  time  a  compression  spring  acts  to   force  them 

together,  giving  a  very  heavy  pressure  at  the  line  of 
contact.  To  secure  this  rolling  action  requires  not 
only  a  special  profile  of  contact,  but  also  a  correct 
location  of  the  centers  of  rotation,  both  of  the  switch 
proper  and  the  rolling  contact.  The  rolling  feature 
not  only  ensures  the  best  possible  contact  but  welding 
or  sticking  of  the  contacts  is  prevented  by  the  strong 
prying  action  brought  into  play  by  the  contact  spring 
when  the  switch  opens.  On  all  switches  above  125 
amperes  capacity,  contact  is  made  and  broken  upon  a 
carbon  block ;  the  final  contact,  however,  is  between 


of  making  motor  applications  successful  which  at  first 
appear  to  be  impossible.  To  take  care  of  all  these 
various  motor  drives  with  uniform  success  requires 
the  use  either  of  magnet  switches  of  special  charac- 
teristics to  suit  each  individual  case,  or  of  switches 
in  whose  design  has  been  incorporated  all  the  features 
necessary  to  make  their  application  universal.  Com- 
mercial policy  demands  that  the  manufacturer  adopt 
a  few  standard  types  to  suit  all  classes  of  service ; 
hence  it  is  essential  that  the  requirements  of  the  many 
different  applications  be  kept  in  mind  in  designing  a 
standard  switch.  In  the  simplest  forms  of  starters  the 
switches  may  have  to  start  the  motor  but  once  or 
twice  a  day,  but  may  be  called  upon  to  carry  the  load 
current  of  the  motor  indefinitely.  In  the  most  severe 
service  the  motor  may  be  started,  stopped  and  re- 
versed thousands  of  times  a  day :  in  which  case  the 
switches  will  continually  be  subjected  to  shocks  and 
must  repeatedly  open  a  circuit  often  carrying  several 
times  the  full-load  current  of  the  motor.  These  ex- 
treme illustrations  serve  to  point  out  some  of  the 
factors  that  the  designer  must  carefully  consider  in 
developing  a  successful  magnet  switch. 

The  evolution  of  the  magnet  switch  has  demon- 
strated that  the  "clapper"  or  open  type  of  construc- 
tion, while  somewhat  less  efficient  maeneticallv  than 


two  copper  pieces.  The  contacts  are  heavy,  and  when 
aided  by  a  magnetic  blowout,  have  an  extremely  long 
life.  Current  is  carried  from  the  moving  contact  to 
the  lower  terminal  of  the  switch  by  a  flexible  copper 
shunt  and  no  current  flows  through  the  bearings,  pins, 
or  springs. 

The  Magnetic  Blow  Out  is  used  on  all  switches 
which  are  required  to  open  while  carrying  any  con- 
siderable current.  The  blow-out  coil  is  mounted  on 
the  stationary  contact  and  is  in  series  with  the  con- 
tact at  all  times.  The  arc  shield,  of  compressed  as- 
bestos composition,  is  built  up  around  the  blow-out 
coil  and  contacts.  The  magnetic  flux  set  up  by  the 
blow-out  coil  is  distributed  by  plates  placed  on  the 
outside  of  the  arc  shield  in  such  a  way  that  the  arc, 
when  formed,  is  spread  over  a  large  area  and  quickly 
extinguished.  The  arc  is  blown  upward  and  outward, 
and  away  from  the  sides  of  the  arc  shield,  so  that 
burning  of  the  contacts  and  arc  shield  is  reduced  to  a 
minimum.  The  arc  shield  is  hinged  so  that  the  con- 
tacts may  readily,  be  exposed  for  inspection  or  replace- 

The  Of^^^T'l  Coil  is  wound  on  a  spool  of  high 
dielectric  an.l  niochanical  strength.  After  winding, 
the  entire  coil  is  impregnated  with  a  compound,  form- 
ing- a  solid  mass  which  is  unaffected  bv  moisture  or 
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high  temperature.  Special  care  is  taken  in  the  de- 
sign of  the  spool  and  winding  to  avoid  open  joints  or 
fissures  which  may  allow  mill  dust  to  enter  and  ultim- 
ately ground  the  coil.     In  some  cases  the  spools  are 


FIG.    I — DIRECT-CURRENT,    SHUNT-WOUND    MAGNET    SWITCH 
WITH    MAGNETIC  BLOWOUT 

made  of  a  moulded  composition  which  eliminates 
joints  between  the  inner  sleeve  and  end  washers  of 
the  spool. 

The  Mechanical  Details,  such  as  bearings,  pins, 
magnet  structure,  etc.,  require  in  their  design,  care- 
ful consideration  of  the  eiifects  of  shocks  and  the  wear 
to  which  they  are  subjected.  It  is  chiefly  in  these  de- 
tails that  the  various  forms  of  magnet  switches  differ. 
Fig.  I  shows  a  shunt  wound  direct-current  switch. 
The  main  bearing  consists  of  a  pin  or  shaft  passing 
through  reamed  holes  in  the  stationary  and  movable 
members.  It  is  held  in  place  by  a  small  locking  pin 
in  the  larger  sizes,  and  by  spring  clips  in  the  smaller 
sizes,  and  may  readily  be  removed  without  the  aid  of 


FIG.    2 — SHUNT-WOUND    MAGNET    SWITCH 

Dismantled  to  show  simplicity  and  accessibility  of  parts. 

tools  to  allow  inspection  or  replacement  of  coils.  The 
bearings  have  a  large  area  to  ensure  long  life.  The 
series  direct-current  switch  shown  in  Fig.  3  is  of 
similar  construction  but  has  a  coil  of  comparatively 


few  turns  of  edgewise  wound  copper  strap.  The  series 

switch   combines    the    functions    of    an    accelerating 
switch  and  current-limiting  relay  in  a  single  unit.* 

A  special  form  of  direct-current  switch  is  shown 
in  Fig.  4.  This  switch  has  contacts  in  both  open  and 
closed  positions  and  is  used  extensively  in  controllers 
where  dynamic  braking  or  slow-down  features  are  de- 
sired. The  lower  contacts  are  closed  by  gravity,  but 
at  the  instant  of  contact  a  circuit  is  established  through 
a  series  coil  placed  upon  the  lower  magnet  core,  which 
closes  the  contacts  positively  and  holds  them  in  that 


FIG.   3 — DIRECT-CURRENT  SERIES-WOUND    MAGNET   SWITCH 

position  until  the  current  has  become  sufficiently  re- 
duced, or  until  the  circuit  is  broken.  This  type  of 
switch  allows  a  dynamic  braking  circuit  to  be  estab- 
lished in  a  minimum  of  time,  gives  positive  interlock- 
ing, and  prevents  reversal  of  the  motor  until  dynamic 


FIG.   4 — SPECIAL   DOUBLX-THROW  DIRECT-CURRENT 
MAGNET   SWITCH 

braking  has  brought  it  nearly  to  rest,  \\ith  this  con- 
struction, any  number  of  contacts  may  be  placed  upon 
a  single  shaft,  allowing  simultaneous  closing  with  a 
single  magnet.  The  shaft  on  which  the  moving  con- 
tacts are  assembled  is  supported  by  removable  bear- 
ings which  are  mounted  on  pedestals. 

The  Alternating-current   Magnet    Szvitch    shown 
in  Fig.  5  is  usually  built  up  of  two  or  more  poles,  as 


*For  a  description  of  the  characteristics  and  operation 
of  the  series  t\-pe  of  switch  see  article  by  Mr.  VV.  O.  Lum  in 
the  Journal  for  March,  1914,  p.  158. 
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this  best  meets  the  requirements  of  polyphase  circuits. 
The  operating  magnet  is  separate  from  tlie  contacts, 
and  the  construction  is  similar  to  the  direct-current 
switch  just  described.     The  magnet  structure  is  dif- 


FIC.     5 — ALTERNATING-CURRENT,    TWO-POLE     MAGNET    SWITCH 
WITH   BLOW-OUT  COILS 

ferent,  of  course,  and  no  lower  contacts  are  used.  The 
alternating-current  magnet  presents  problems  not  met 
with  in  direct-current  magnets.  Punched  laminations 
are  built  up  and  supported  by  a  casting  in  such  a  way 
as  to  insure  maximum  strength  and  length  of  life.  A 
shading  coil  placed  upon  the  stationary  pole  face 
eliminates  chattering,  giving  quiet  operation.  The 
contact  and  blowout  details  are  identical  with  those 
of  the  standard  direct-current  switch. 

Auxiliarx  Devices,  such  as  master  switches  and 
relays,  play  an  important  part  in  magnet  switch  con- 
trollers. The  master  switch,  while  called  upon  to 
handle  but  comparatively  small  currents  for  the  con- 
trol circuits,  must  be  built  ruggedly  and  adapted  to 
easy  manipulation   by   the    operator.      The    simplest 


FIG.   6 — SWITCH    SHOWN   IN   FIG.    5,   DISMANTLED 

Showing  similarity  of  contact  parts  and  blow  out  to  those 
of  the  direct-current  switch  shown  in  Fig.  2. 

form  of  master  switch  is  probably  the  push  button, 
which  is  used  to  start  and  stop  a  motor,  or  in  some 
cases  to  increase  or  decrease  its  speed.     The  more 


complex  forms  of  master  switches  employ  levers  or 
handles  to  operate  the  control  contacts.  Fig.  7  shows 
a  reversing  master  switch  commonly  used  on  applica- 
tions requiring  frequent  starting,  stopping  and  re- 
versal. This  type  is  largely  used  in  steel  mill  and  crane 
bridge  control. 

A  type  of  master  switch  specially  designed  for 
use  on  reversing  planer  equipments  is  shown  in  Fig. 
8.  This  differs  radically  from  the  usual  forms  in  that 
the  contacts  are  built  up  as  small  unit  switches  which 
are  actuated  by  a  cam  connected  to  the  operating 
lever.  Among  the  advantages  of  this  type  of  con- 
struction may  be  mentioned : 

I — A  small  movement  of  the  operating  lever  produces  a 
relatively  large  opening  of  the  contacts,  thus  giving 
a  quick  opening  of  trie  control  circuit  even  though 
the  operating  lever  is  moved   slowly. 

2 — Practically  all  sliding  fri  tion  is  eliminated,  making 
the  switch  particularlv  adapted  to  the  severe  require- 
ments of  planer  service,  where  several  thousand  op- 
erations a  day  ar^  the  rule. 

3 — The  construction  allows  the  use  of  "butt"  type  of 
contacts,  one  of  which  may  be  carbon,  thus  minimiz- 
ing burning  of  the  contacts. 

Drum  type  master  switches  of  a  large  variety  of 

forms  are  used  where  several  different  control  circuits 


FIG.    7 — REVERSING    MASTER   SWITCH    FOR    MILL    SERVICE 

must  be  handled  by  the  master  switch.  Where  the 
speed  of  the  motor  is  to  be  controlled  by  means  of 
resistance  in  series  with  the  armature,  as  for  example 
in  crane  hoist  applications,  a  drum  controller  having 
several  operating  points  is  used,  A  master  switch 
of  this  description,  provided  with  a  vertical  operating 
handle,  is  shown  on  page  682. 

Limit,  or  Stop-motion  Sivitches,  are  employed 
largely  as  safety  devices  to  bring  the  motor  to  rest 
independently  of  the  operator.  The  simplest  form  of 
such  a  safety  device  is  the  "hatchway"  limit  switch, 
which  consists  of  two  or  more  contacts  normally  held 
closed  by  a  spring,  but  which  may  be  opened  by  ap- 
plying pressure  to  a  roller  on  the  end  of  a  lever.  This 
type  of  switch  is  commonly  used  in  the  hatchways  of 
elevators  to  prevent  the  car  from  going  beyond  pre- 
scribed limits.  In  Fig.  9  is  shown  a  tj'pe  of  limit 
switch  which  may  be  geared  to  the  motor  or  moving 
machinery.  Any  number  of  contacts  may  be  em- 
ployed, and  as  these  are  operated  by  adjustable  cams, 
any  desired  operations  of  the  motor,  such  as  slowing 
down,   stopping,   or   reversal   may   be   obtained   auto- 
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rnaiically  at  predetermined  points.  Geared  limit 
switches  are  used  extensively  on  automatic  skip  and 
bucket  hoists,  and  the  extreme  flexibility  of  the  cam 
type  of  construction  makes  its  application  to  widely 
differing  requirements  a  simple  problem. 

Relays  used  in  magnet  switch  controllers  are  de- 
signed with  the  same  attention  to  simplicity  and  rug- 

gedness  that  characterizes 
the  magnet  switches.  Mod- 
ern practice  in  automatic 
controllers  demands  that 
electrical  interlocks,  relays 
and  special  devices  be  elim- 
inated as  far  as  possible 
for  the  sake  of  simplicity 
in  connections.  However, 
in  order  to  protect  the 
motor  from  damage  result- 
ing from  abnormal  circuit 
conditions,  the  use  of  a  certain  number  of  protective 
relays  is  imperative.  Whenever  possible,  in  direct- 
current  controllers,  the  series  switch  is  used  for  ac- 
celerating, since  its  inherent  ability  to  remain  open 
until  the  starting  current  has  dropped  to  a  safe  value 
permits  wiring  of  the  very  simplest  character  and 
does  away  with  accelerating  relays.  For  applications 
where  it  may  be  desired  to  operate  at  speeds  lower 
than  normal,  the  use  of  shunt  switches  with  accelerat- 
ing relays  is  essential. 

The  Accelerating  Relay  is  connected  in  the  con- 
trol circuit  so  as  to  close  the  next  succeeding  magnet 
switch  when  the  current    has    dropped    to    a    proper 


FIG.  8 — MASTER  SWITCH  FOB 
USE  WITH  IfcEiTERSING 
PL.\NER  EQUIPMENTS 


FIG.    9 — CAM-TYPE   GEARED    LIMIT    SWITCH 

value,  a  separate  relay  being  used  for  each  point  of 
acceleration.  A  mechanically  interlocked  accelerating 
relay  for  direct-current  controllers  is  shown  mounted 
below  a  magnet  switch  in  Fig.  10  and  the  details  of 
construction  of  this  relay  are  given  in  Fig.  11.  Each 
relay  is  normally  held  open  by  a  spring,  so  that  there 


is  no  possibility  of  the  accelerating  relays  closing  in 
any  but  their  proper  sequence.  When  the  magnet 
switch  closes,  the  relay  cap  is  depressed,  relieving  the 
plunger  and  contact  disc  from  the  upward  pressure  of 
the  plunger  spring.  Just  before  the  cap  is  depressed, 
however,  the  contacts  of  the  magnet  switch  establish  a 
circuit  through  the  coil  of  the  relay,  which  holds  the 
plunger  in  its  upper  position  until  the  current  de- 
creases to  the  proper  value,  when  gravity  causes  the 
plunger  to  drop,  closing  the  control  circuit  for  the 
next  switch.    The  current  setting  of  the  relay  is  made 

adjustable  by  providing 
an  adjustable  air-gap  in 
the  magnetic  circuit. 

The  alternating-current 
accelerating  relay  shown 
in  Fig.  12  differs  in  con- 
struction to  some  extent 
from  the  direct-current, 
but  operates  on  the  same 
principle.  As  this  relay 
is  frequently  used  in  the 
rotor  circuit  of  an  induc- 
tion motor,  it  is  necessary 
to  so  design  it  that  it  will 
operate  with  uniform  ac- 
curacy at  frequencies  va- 
r}'ing  from  60  down  to 
approximately  one  or  two 
cycles  per  second. 

The  Overload  Relay  is 
shown  in  cross-section  in 

FIG.  10— MECHANICALLY  INTER-  ^^S-  1 3.  and  two  of  these 
LOCKED    DIRECT-CURRENT    AC-  rclays  may  also  be  seen 

CELERATING  RELAY  ,  ,  ,     . 

■.r      ,  J        ,  ■.,  mounted  on  the  upper  lett 

Mounted  on  base  with  mag-  .  "i^t^^. 

net  switch.  hand  section  of  the  direct- 

current  controller  shown 
in  Fig.  14.  The  operating  coil  of  the  overload  relay  is 
connected  in  series  with  the  motor,  and  for  complete 
protection  two  relays  are  often  used,  one  in  each 
side  of  the  line. 
When  the  current 
reaches  a  certain 
point,  determined 
by  the  setting  of 
the  c  a  1  i  b  r  a  ting 
disc,  the  plunger 
rises  and  strikes 
the  trip  pin.  which 
in  turn  moves  the 
contact  bridge 
lever  upward,  thus 
separating  the  con- 
tacts.  At  the  same 

time  a  latch  operates  and  holds  the  lever  carrying  the 
contact  bridge  in  an  open  position.  \Vheii  the  relay 
operates,  the  control  circuit  is  broken,  thus 
allowing  the  line  magnet  switches  to  open  and  remove 
the  motor  from  the  source  of  power.     The  contacts 
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may  be  reset  by  depressing  the  reset  lever,  either  by 
hand  or  by  energizing  the  shunt  reset  coil  shown  in 
Fig.  14.  For  certain  applications  the  latch  and  reset 
mechanism  is  omitted,  allowing  the  contacts  to  reset 
automatically.  The  same  relay  with  slight  modifica- 
tions is  used  for  both  direct  and  alternating-current. 


Binding  Posts  for  Resel  CoU 

^Carbon  Contaa 

.Copp«r  Contaci  Bndge 

'  Coowct  Bndge  Insulaior 


Contact  Bridge  Lever: 
Contact  Bridge 
Spring 

Shunt  Reset  Coil 


FIG.    12 — MECHANICALLY    INTERLOCKED    ALTER.. ATING-CURRENT 
ACCELERATING  RELAY 

Mounted  on  base  with  magnet  switch. 

A  Lozv-Voltage  Relay  serves  to  open  the  main 
control  circuit  whenever  the  voltage  fails  and  pre- 
vents the  motor  from  being  thrown  directly  on  the 
line  upon  the  return  of  power.  This  relay  is  simply 
a  standard  magnet  switch  of  small  current  capacity 
provided  with  a  coil  so  proportioned  that  the  switch 
will  drop  out  when  the  voltage  drops  below  a  pre- 
scribed minimum. 

The  Field  Accelerating  Relay  shown  in  Fig.  15  is 

used  on  controllers 
for  direct-current 
adjustable  -  speed 
motors,  and  serves 
to  accelerate  the 
motor  to  the  speed 
determined  by  the 
setting  of  the  field 
rheostat.  The  con- 
tacts of  this  relav 
are  connectea  so 
as  to  short-circuit 
the  resistance  of 
the  field  rheostat 
whenever  the  cur- 
rent taken  by  the 
motor  is  above  a  safe  amount.  Its  use  makes  it  per- 
fectly safe  to  leave  the  field  rheostat  in  a  position  for 
minimum  shunt  field  current,  as  the  tendency  of  the 
motor  to  take  a  heavy  current  is  immediately  counter- 
acted when  the  relay  short-circuits  the  rheostat.  The 
relay  operates  to  bring  the  speed  of  the  motor  auto- 
matically up  to  any  desired  point  in  a  series  of  small  in- 


-Reset  Lever 
'Reset  Lever  Spring 


Slate  Panel 


FIG.  13 — CROSS-SECTION  OF  ELECTRIC- 
ALLY RESET  OVERLOAD  RELAY  FOR 
EITHER  DIRECT  OR  ALTERNATING 
CURRENT 


crements,  the  action  being  similar  to  that  of  the  con- 
tacts of  a  Tirrill  regulator. 

The  Complete  Magnet  Switch  Controller  is  sim- 
ply a  combination  of  several  magnet  switches  with  the 
necessary  auxiliaries  and  resistance.  The  only  re- 
quirements in  its    assembly    are    that    the    controller 


FIG.    14 — DIRECT-CURRENT  REVERSING   CONTROLLER    WITH    SERIES 
ACCELERATING  SWITCHES 

Showing  overload   relays   and   — ethod   of   mounting  ap- 
paratus on  individual  bases. 

proper  shall  be  pleasing  in  appearance,  simple  in  wir- 
ing arrangement,  and  that  the  various  parts  shall  be 
accessible  for  inspection  or  adjustment.  In  the  sim- 
pler forms  of  starters,  such  as  are  used  in  machine 
tool  applications,  several  magnet  switches  are  mounted 
on  a  single  slate  base  which  is  secured  to  a  metal  case 

containing  the  starting  re- 
sistance. The  starters 
shown  on  pages  669  and 
670  are  good  examples  of 
this  type  of  construction. 
For  large  controllers,  such 
as  are  used  in  steel  mill  ap- 
plications, pipe  frame  con- 
struction is  used,  the 
switches  being  mounted  on 
individual  slate  bases.  This 
type  of  construction,  as 
indicated  in  Fig.  14,  make^ 
it  easy  to  replace  units 
in  a  minimum  of  time  and 
possesses  many  advantages 
from  the  manufacturers' 
point  of  view. 
Important  considerations  in  the  design  of  mag- 
netic switches  and  auxiliaries,  are  ruggedness,  sim- 
plicity and  interchangeability  of  parts.  The  user  who 
considers  the  question  of  maintainance  cost  and  con- 
tinuity of  service  will  recognize  that  it  is  to  his  ad- 
vantage to  consider  such  points  of  design  as  well  as 
the  first  cost. 


FIG.  IS — DIRECT-CURRENT 
FIELD  ACCELERATING 
RELAY 


An  Analysis  of  Industrial  Control 

A.    G.    POPCKE 

Industrial  ami  Power  Dept., 
Westinghouse  Electric  &  Mfg.  Company 

THE  following  discussion  outlines  the  various  forms  and  classes  of  controllers  used  in  industrial 
service,  giving  the  relative  advantages  and  disadvantages  of  each.  Fundamental  standard  forms  only  are 
considered,  as  the  design  of  special  apparatus  for  specific   requirements   involves   simply    modifications    or 

combinations  or  the  fundamentals. 


A.    C.    POPCKE 


THE  RAPID  development  of  motor  applications 
would  have  been  impossible  without  a  corre- 
sponding development  of  controllers  and 
starters.  The  application  of  motors  implies  motion  ; 
industrial  control  therefore  involves  the  starting  and 

stopping  of  motors  and 
controlling  their  speed. 
The  function  of  industrial 
control  is  to  provide  a 
means  of  starting  and  con- 
trolling the  speed  of  elec- 
tric motors ;  to  protect  the 
motors  and  supply  lines 
against  heavy  current ;  and 
to  protect  the  operators 
against  mechanical  and 
electrical  injury. 

Industrial  controllers  can 
be  classified  with  respect  to 
the  type  of  construction  used  and  with  respect  to  the 
characteristics  of  the  motors  controlled,  and  will  be 
discussed  in  this  order. 

The  history  of  the  development  of  control  appa- 
ratus is  similar  to  that  of  other  industrial  develop- 
ments. At  first,  hand-operated  controllers  and  start- 
ers were  used.  Later  power-operated  controllers  were 
developed,  power  being  supplied  principally  by  means 
of  electromagnets,  motors  or  compressed  air.  Thus 
two  general  forms  of  control  have  resulted. 

H.\XD-0PERATED   CONTROLLERS 

Hand-operated  controllers  can  be  divided  into 
face-plate,  drum,  commutator,  switch  and  liquid  types. 

Tlie  Face-Plate  Type  is  used  principally  for  start- 
ing rheostats  and  small  speed  regulators  where  arma- 
ture control  is  used.  Both  armature  and  field  control 
are  often  combined  in  one  unit.  For  starting  duty 
the  contacts  are  made  light  and  the  last  notch  is  rein- 
forced for  continuous  operation.  This  type  of  starter 
is  used  where  a  low  priced  outfit  is  desired.  Besides 
the  low  price,  it  is  compact  and  often  is  mounted  with 
the  resistor  as  a  self-contained  unit ;  it  is  easy  to 
mount  on  switchboard  or  wall ;  its  design  is  flexible ; 
it  can  readily  be  altered  for  special  applications  with- 
out incurring  a  large  development  expense;  the  re- 
newal of  contacts  and,  therefore,  repairs  are  inex- 
pensive :  and  protective  features,  such  as  no-voltage 
and  overload  release  can  easily  be  applied.  In  gen- 
eral, this  type  of  starter  or  controller  can  be  used 
where  small  currents  are  handled.    Its  disadvantages 


arise  when  applied  to  applications  where  large  cur- 
rents must  be  handled  and  where  ruggedncss  is  essen- 
tial. It  also  presents  difficulties  where  complicated 
connections  are  involved,  as  on  reversing  controllers 
for  wound-secondary  induction  motors.  This  type 
of  controller  is  rarely  used  where  reversing  service 
is  required. 

Drum  Controllers  are  of  medium  price.  They 
are  compact  in  construction,  but  usually  have  the  re- 
sistance separately  mounted.  As  they  increase  in  size, 
the  power  required  to  revolve  the  drum  reaches  a 
limit  beyond  which  hand  operation  is  impossible  and 
the  cost  increases  rapidly.  In  addition  to  the  ad- 
vantages of  medium  price  and  compactness,  these 
controllers  can  be  entirely  enclosed  and  made  dust 
proof  and  even  spray  or  gas  proof.  They  are  mechan- 
ically strong  and  simple  to  operate,  and  they  can  easily 
be  mounted  on  motor-driven  machinery  which  they 
are  to  control,  with  the  controller  handle  placed  in 
the  position  most  convenient  to  the  operator,  motion 
being  transmitted  to  the  controller  by  means  of  small 
transmission  shafts  and  gears.  In  the  case  of  lathes, 
for  instance,  the  control  handle  can  be  located  on  the 
apron  of  the  lathe  and  motion  transmitted  to  the  drum 
shaft  through  a  splined  shaft.  To  prevent  too  rapid 
acceleration,  mechanical  retarding  devices  can  readily 
be  applied.  Complicated  connections  can  easily  be 
made ;  i.  e.,  forward,  reverse,  and  braking  connections 
can  be  on  the  same  drum. 

When  controlling  motors  of  50  horse-power,  115 
volts  or  200  horse-power,  500  volts  and  larger,  the 
disadvantages  of  this  type  of  control  arise.  The  en- 
erg)'  of  the  arc  is  hard  to  dissipate.  The  contacts  de- 
teriorate rapidly  under  severe  conditions  of  service, 
and  if  they  are  made  sufficiently  large  to  prevent  this, 
the  controller  is  difficult  to  operate  and  its  cost  be- 
comes excessive.  The  drum  type  of  controller  is  not 
adapted  to  special  control  features  as  it  is  difficult 
to  modify  its  design.  It  is  impracticable  to  include 
a  no-voltage  and  overload  protective  device  on  this 
type  of  controller. 

The  Commutator  or  Grindstone  Type  is  used 
as  a  reversing  controller  and  is  similar  to  the  drum 
type,  the  difference  being  that  the  fingers  revolve  in- 
stead of  the  drum.  It  is  possible  to  break  the  current 
at  four  points,  90  degrees  apart,  with  heavy  magnetic 
blowouts.  This  controller  is  of  medium  price  and 
can  be  self-contained,  with  the  resistance  mounted  on 
a  frame.    It  is  mechanically  strong  and  simple  to  op- 
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erate,  and  can  be  provided  with  brushes  to  make  it 
very  durable  in  heavy  service.  The  contacts  are  easily 
accessible  and  can  be  inspected  during  operation,  but 
because  of  the  open  contacts  these  controllers  cannot 
be  used  where  this  feature  would  cause  danger.  They 
are  also  difficult  to  modify  in  design  and  are  limited 
in  size  to  approximately  lOO  to  150  horse-power. 

The  Switch  Controller  of  the  single  switch  type 
may  be  double  or  single  throw,  two  to  four  pole, 
usually  with  the  contacts  oil-immersed.  This  is  the 
type  used  in  starting  squirrel-cage  motors.  A  three 
or  four  pole,  single-throw  switch  is  used  to  connect 
squirrel-cage  motors  up  to  five  horse-power  in  size 
(but  in  some  applications  up  to  25  horse-power) 
directly  to  the  line.  A  double-throw  switch  is  used 
in  connection  with  an  auto-transformer  to  start  squir- 
rel-cage motors  at  reduced  voltage  before  they  are 
connected  directly  to  the  line.  In  the  latter  case  the 
switching  mechanism  and  auto-transformer  may  be 
combined  in  one  unit,  constituting  the  type  of  starter 
almost  universally  used  for  squirrel-cage  induction 
motors.  This  forms  a  very  compact  unit  which  is 
capable  of  closing  and  opening  circuits  carrying  heavy 
currents  during  starting. 

The  multiple  type  is  built  to  handle  heavy  cur- 
rents with  long  life  of  the  contacts.  It  is  flexible  in 
design,  strong  mechanically,  and  has  the  advantage 
of  loiig  life  of  contacts  and  positive  opening  and  clos- 
ing of  contacts.  Various  safety  attachments  can  also 
be  applied.  It  is  more  "fool-proof"  than  the  types 
previously  discussed.  It  is  also  more  expensive  than 
these  types,  occupies  considerably  more  space  and  is 
difficult  to  operate  rapidly.  These  are  made  in  sizes 
from  50  to  75  horse-power  and  above. 

The  Liquid  Controller  consists  of  electrodes  im- 
mersed in  a  solution  of  soda  and  water.  The  resist-* 
ance  is  varied  by  changing  the  distance  between  the 
plates,  or  by  changing  the  immersed  area  of  the  plates. 
The  advantages  of  this  type  of  control  are  its  large 
thermal  capacity,  gradual  change  in  resistance,  absence 
of  arcing  and  wear  on  contacts.  The  resistance  can 
be  adjusted  also  by  changing  the  strength  of  the  soda 
solution.  The  disadvantages  of  this  type  of  control 
are  that  it  occupies  considerable  space ;  the  electrodes 
corrode ;  and  its  application  is  limited  by  the  use  of 
liquid. 

POWER-OPERATED  CONTROLLERS 

The  face-plate,  drum  and  liquid  rheostat  ofTer  the 
same  advantages  and  disadvantages  when  power  op- 
erated as  discussed  above  for  hand  operation.  Power 
operation  is  obtained  by  the  addition  of  a  driving  mo- 
tor, or  more  frequently,  a  solenoid,  the  controller  itself 
being  of  the  same  construction  as  for  hand  operation. 
The  use  of  power-operated  face-plate  and  drum  con- 
trollers for  industrial  work  is  rather  limited,  the 
switch  type  being  more  generally  used  where  auto- 
matic operation  is  desired. 

The  Magnet-Operated  Unit-Switch  Controller 
consists  of  magnetically-operated  switches  and  is  the 
most  durable  and  most  flexible  of  all  types  of  con- 


trollers. Its  principal  advantages  are  durability  of 
contacts  and  mechanical  parts.  The  design  is  flexible, 
as  it  can  be  used  in  any  application  for  which  electric 
motors  are  suitable.  The  contacts  are  renewed  easily 
and  cheaply ;  entire  units  can  be  replaced ;  and  all 
parts  can  easily  be  inspected.  Automatic  features  and 
safety  devices  can  be  incorporated  at  a  minimum  ex- 
pense. Since  the  controller  proper  can  be  placed  near 
the  motor,  and  independent  of  the  location  of  the  op- 
erator, there  is  a  saving  in  the  amount  of  copper  re- 
quired for  wiring.  By  automatic  accelerating  devices, 
the  controller  can  be  made  absolutely  fool  proof.  The 
disadvantages  of  this  form  of  controller  are  its  high 
initial  cost,  comparatively  large  size  and  weight  and 
the  complicated  wiring  on  the  back  of  the  panel.  This 
type  is  becoming  more  and  more  popular  and  its  use 
in  practically  all  applications  is  increasing  because  of 
the  "Safety  First"  feature.  The  advantages  gained 
also  by  its  reliability  and  ruggedness  outweigh  its 
higher  initial  cost.  Where  severe  service  is  encount- 
ered, its  total  cost  of  operation  is  less  than  that  of  any 
other  type. 

The  Air-Operated  Unit-Switch  Controller  is,  in 
general,  the  same  as  the  magnetic  type,  the  switches 
being  operated  by  compressed  air,  through  electrically- 
controlled  valves.  By  battery  operation  of  the  control 
circuits  it  can  be  made  free  from  trouble  due  to  line 
drop ;  it  operates  more  quickly  than  magnetic  control 
and  is  more  positive  in  its  operation  than  any  other 
form  of  controller.  Its  disadvantages  are  the  use  of 
compressed  air  which  necessitates  one  more  auxiliary 
to  look  after ;  and  moisture  in  the  air  may  cause  freez- 
ing of  the  valve  parts  and  failure  to  operate. 

CL.\SSIFIC.\TION    BY   TYPE  OF   MOTOR   CONTROLLED 

Motors  may  be  classified  as  follows: — 

Direct-Current  Motors — 

Q,       .     f  Constant  Speed. 
I— bnunt    ^  Adjustable  Speed. 
2 — 'Ccmpound — Varying  Speed. 
3 — Series — Varying  Speed. 

To  Start  direct-current  motors,  resistance  must  be 
inserted  in  the  armature  circuit ;  first  to  limit  the  start- 
ing current,  thus  protecting  the  motor  and  line;  sec- 
ond to  limit  the  starting  torque,  thus  protecting  me- 
chanically the  machine  operated..  Exception  to  this 
is  taken  in  case  of  small  direct-current  motors  below 
%  to  y2  horse-power  and  also  in  the  case  of  the  so 
called  self-starting  direct-current  motors  that  are  de- 
signed to  limit  the  starting  current  without  the  use 
of  external  resistance. 

To  control  the  speed  of  direct-current  motors  be- 
low normal  speed,  resistance  must  be  inserted  in  the 
armature.  To  increase  the  speed  above  normal,  the 
field  of  the  motor  is  weakened  by  the  introduction  of 
resistance.  Motors  whose  speeds  are  controlled  in  this 
latter  way  are  classed  as  adjustable  speed  motors  and 
their  limit  of  speed  variation  is  usually  four  to  one. 
These  motors  are  generally  shunt  motors,  but  com- 
pound-wound motors  are  sometimes  controlled  in  this 
way  (limit  of  speed  variation  two  to  one). 
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Un  varying  speed  motors,  both  compound  and 
series,  speed  control  is  obtainable  below  normal  speed 
only  by  means  of  armature  control. 

All  of  the  above  types  of  direct-current  motors 
are  used  either  in  non-reversing  or  reversing  service. 
In  case  of  reversing  service  two  types  of  control  are 
used.  The  motor  is  reversed  by  plugging  or  is  stopped 
by  dynamic  braking  before  it  is  reversed.  Dynamic 
braking  is  also  used  in  some  cases  in  non-reversing 
service  when  it  is  necessary  to  stop  the  machine  driven 
as  soon  as  the  power  is  shut  off. 

Alternating-Current  Motors — 

A — Polyphase  induction  type. 
I — "Squirrcl-Cage. 
Constant  Speed. 
Varying  Speed. 
Muhi-Speed. 
2 — Wound- Secondary 
Constant  Speed. 
Varyirg  Speed. 
B — Single-phase  induction  type. 
I — Split-phase. 
2 — Repulsion  induction. 
C — Synchronous. 

A — The  great  majority  of  induction  motors  in  use 
are  of  the  constant  speed  squirrel-cage  type.     These 


Multi-speed  motors  are  started  in  the  same  man- 
ner as  the  constant  speed  motors  just  described,  but 
provision  must  be  made  to  make  proper  connections 
of  the  poles  of  the  motor  to  obtain  the  various  speeds. 
A  switch  on  a  drum  controller  is  used  for  this  purpose. 

All  wound-secondary  motors  are  started  and  con- 
trolled by  inserting  resistance  in  the  rotor  circuit. 
Those  of  the  constant-speed  type  are  usually  non-re- 
versing ;  they  are  ordinarily  employed  where  the  start- 
ing torque  is  heavy  but  may  be  used  in  a  few  cases 
where  the  starting  torque  is  light  but  line  conditions 
necessitate  low  starting  current.  The  resistor  supplied 
is  for  starting  service  only  and  cannot  be  used  for 
running  continuously  to  obtain  speeds  below  normal. 
For  varying-speed  service  resistance  is  inserted  in  the 
rotor  to  obtain  the  desired  speed  reduction.  The  re- 
sistor must  be  selected  to  take  care  of  the  load  con- 
ditions below  normal  speed.  For  reversing  service  the 
controller  must  make  provision  to  insert  resistance  in 
the  rotor  circuit  and  also  to  change  the  primary  leads 
for  reversing  the  motor. 


T.\BLE  I-SUMMARY  OF  ANALYSIS 


Type 


Windine 


Speed 


Controller 


Controller  Characteristics 


Face-plate 


Low  price,  compact,  non-reversing  no-voltage  release,  overload  protection 


Constant 


Magnet  switch 


Remote  control,  automatic  acceleral.on.  all  protective  features,  special  features  as  d>*namic  braking  eaaly  applied, 
most  durable,  minimum  maintenance. 


Shunt 


Face-plate 


Low  price,  compact.  non-reversinR,  no-voltage  release,  overload  protection. 


,  Adjustable 


Drum 


Medium  price,  reversing,  protective  features  separate,  adapted  to  remote  control  mechaDically. 


Series  and  com-      Varying 
pound 


Remote  control   electrically,  all  protective  features,  automatic  acceleration  to  any  pre-adjusted  speed.    Most  dur- 
able, minimum  maintenance. 

Low  price,  compact,  reveisins,  contacts  enclosed,  easily  mounted  on  machine. 

Medium   price,   floor  mounting,  reversing,  exposed  contacts. 


Magnet  switch 


Drum 

Commutator 


Magnet  switch 


Remote  control  electrically,  automatic  acceleration,  all  protective  features,  reveisiDg.  dynamic  himking  emsily  ap- 
plied,  most  durable,  minimum  maintenance. 


Squirrel  cage 


Constant 


I  Varying 


Switch  type 


Almost  universally  used  for  hand  starting,  compact,  non-reversing. 


Magnet  switch        Remote  control,  automatic  acceleration,  all  protective  features,  most  durable,  minimum  maintenance. 


Drum 


Reversing,  compact. 


Constant 


Face-plate 


tJsed  on  smaller  sizes,  non-reversing. 


Drum 


For  larger  sizes. 


5 

< 


Wound  rotor 


Drum 


Reversing  or  non-reversing,  protective  features  separate. 


1  Varying 


Magnet  switch     |  Remote  control,  automatic  acceleration,  all  protective  features,  most  durable,  minimum  maintanance. 


Liquid 


No  wear  on  contacts,  infinito  number  of  steps,  large  thermal  capacity. 


are  started  either  by  connecting  directly  to  the  line  by 
means  of  a  switch  (up  to  five  horse-power  generally 
and  on  larger  sizes  where  the  application  and  power 
lines  permit),  or  by  starting  at  reduced  voltage  ob- 
tained by  the  use  of  an  auto-transformer  or  resistance 
and  then  connecting  the  motor  directly  to  the  line. 
These  motors  are  used  in  non-reversing  service  with 
few  exceptions. 

Varying-speed  squirrel-cage  motors  are  used 
where  frequent  reversing  is  necessary  and  where  heavy 
starting  torque  is  required,  as  on  elevators.  These 
motors  are  connected  directly  to  the  line,  usually  by 
means  of  a  drum  switch.  They  are  reversed  by  plug- 
ging- 


B — Single-phase  motors  of  the  split-phase  type 
arc  started  by  connecting  the  motor  directly  to  the 
line.  Automatic  means  is  provided  on  the  motor  to 
take  care  of  the  starting  and  running  connections. 
The  repulsion  induction  type  is  also  connected  directly 
to  the  line.  The  motor  starts  as  a  repulsion  type  and 
automatically  changes  its  connections  to  become  of 
the  induction  type,  when  the  motor  reaches  a  certain 
[lercentage  of  synchronous  speed.  In  cases  where  re- 
duction in  starting  current  is  desired,  resistance  is  in- 
serted in  the  circuit  while  starting. 

C — Synchronous  motors  of  up-to-date  construc- 
tion, when  used  in  industrial  service,  are  started  by 
the  same  method  as  squirrel-cage  induction  motors. 


Furnace  Skip  Hoist  Control 

J.  H.  Albkecht 

Industrial  Control  Division, 
Westinghouse  Electric  &  Mfg.  Company 

AMONG  the  conslatilly  increasing  applications  of  motor  drive  in  steel  mill  service  there  is  none 
which  has  given  belter  results  than  the  automatically  controlled  motor-driven  blast-furnace  skip  hoist. 
This  drive  has  relegated  practically  all  steam-driven  hoists  on  the  old  furnaces  to  the  scrap  heap  and  is 
installed  on  all  the  modern  furnaces.  The  first  applications  tvcrc  made  probably  tzventv  years  ago,  and 
while  they  were  a  qrcat  improvement  over  steam  driven  hoists,  it  was  only  7tnth  the  advent  of  the 
modern  magnetic  switch  control  that   this  drive  reached  Us  present  degree  of  efficiency  and  reliability. 


THE  HOISTS  used    on    modern    blast    furnaces 
are   of    the   balanced    or     two    bucket     type. 
Their  travel  varies  from  120  to  160  feet,  de- 
pending upon  the  depth  of  the  stock  yard  floor,  and 

the  slope  angle  is  usually 
between  20  and  30  degrees 
from  the  vertical.  Three 
hundred  to  four  hundred 
feet  per  minute  is  standard 
bucket  speed;  the  buckets 
w  e  i  g  hing  approximately 
7  000  lbs.  and  having  a  ca- 
pacity varying  from  3000 
lbs.  coke  load  to  a  maxi- 
mum of  16  000  lbs.  ore 
load.  The  motors  are  open 
type,  direct-current,  com- 
pound -  wound,  having 
about  15  percent  series  field  for  starting  and  horse- 
power capacities  varying  from  100  to  300. 

The  modern  practice  of  furnace  charging  de- 
mands a  practically  constant  stock  level  in  the  furn- 
ace and  this  necessitates  a  fairly  continuous  opera- 
tion of  the  hoist.  The  service  is  24  hours  per  day, 
seven  days  per  week.  The  essential  features  of  this 
service   are   reliability  and  continuity   combined  with 
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the  protecting  layer  of  "green"  stock  is  consumed  and 
as  a  result  the  charging  bells  and  top  mechanism  are 
very  liable  to  be  burned  out  if  the  furnace  is  not 
blown  out.  The  loss  in  time  and  money  is  extremely 
serious. 

Accuracy  in  stopping  is  absolutely  essential. 
When  the  bottom  bucket  is  on  the  bumpers,  the  top 
bucket  must  be  over  the  knuckle  in  the  dumping  posi- 
tion. This  stop  must  not  vary  more  than  a  few  inches 
and  must  be  independent  of  the  load  in  the  bucket. 
An  overtravel  may  wreck  the  furnace  top  and  very 
probably  drop  the  top  bucket  through  the  skip  house, 
thus  automatically  removing  any  controller  which 
fails  to  operate. 

The  illustrations.  Figs,  i  and  2,  show  a  controller 
developed  especially  for  this  service.  Four  single-pole 
switches  mechanically  interlocked  for  reversing  and 
a  fifth  shunt  switch  for  clearing  the  negative  side  of 
the  line  are  provided.  Acceleration  is  obtained  in  six 
steps  by  means  of  four  series  contactors  and  one 
shunt  contactor  and  relay  on  the  last  point.  The 
shunt  contactor  is  necessary  to  keep  the  motor  direct- 
ly on  the  line  in  case  the  motor  load  drops  oflf  as  might 
be  the  case  with  empty  buckets  or  in  case  ore  stuck  in 
the  descending  bucket  and  it  overhauled  the  motor. 
The  double  end  switches  give  slow  down  in  two  steps 


FIG.  2   REAR  VIEW  OF  CONTROLLER  SHOWN  IN  FIG.  I 
FIG.  1 — CONTROLLER  DEVELOPED  ESPECIALLY  FOR 

SKIP  HOIST  SERVICE  ]-iy  shuntiug  the  armature.  The  first  slow-down  switch 

extreme   accuracy  of   operation.     Any  serious   inter-  oP^rates  approximately  ten  feet  from  the  end  of  travel 

ruption  in  the  charging  cycle  is    certain    to    be    dis-  and  simultaneously  drops    in    the    starting    resistance 

astrous.     In  a  few  hours,  the  stock  level  is  lowered,  and  appHes  an  armature  shunt.     Just  as  the  bucket 
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goes  over  the  knuckle  the  second  slow-down  switch 
operates  and  applies  a  more  severe  armature  shunt. 
Finally,  the  reversers  open  and  the  shunt  brake  is  set 
by  the  opening  of  the  two  relays  shown  at  the  right 


not  on  heavy  currents.  The  ammeter  records  show  a 
marked  slump  in  line  current  when  the  slow  down 
switch  is  applied,  due  to  the  regenerative  action  of 
the  motor.    This  characteristic  made  the  operation  of 
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FIG.  3— DIAGRAM  OF  CONNECTIONS  OF  SWITCHES  FOR    CONTROLLER  SHOWN  IN    FIGS.  1  .\ND  2 

Cams  1  and  5  open  the  circuit  at  the  end  of  travel  in  the  upward  direction. 
Cams  2  and  6  open  the  circuit  at  the  end  of  travel  in  the  downward  direction. 
Cams  J  and  8  open   switch  6,  giving  slow-down  in  the  upward  direction. 
Cam  7  closes  switch  10,  giving  slow-down  in  the  downward  direction. 
Cam  4  not  in  use.     All  cams  are  30  degrees. 

in  Fig.  I.  The  slow  down  and  stop  are  obtained  the  set-up  switch  at  best  very  inaccurate  and  it  is  evi- 
automatically  by  the  operation  of  the  cam-type  limit  dent  that  any  similar  device  depending  for  its  opera- 
switches  Fig.  5  which  are  geared  to  the  hoist  mechan-  tion  upon  the  value  of  armature  current  will  also  be 
ism.  The  motor  is  started  by  the  operator  on  the  unsatisfactory.  It  has  been  found  that,  by  a  proper 
stock  yard  floor  by  means  of  the  master  controller  adjustment  of  slow-down  switches,  a  set-up  switch 
shown  in  Fig.  4. 


f         FIG.  4— MASTER   CONTROLLER  FOR    SKIP    HOIST  SERVICE 

Attempts  have  been  made  to  devise  a  set-up  de- 
vice which  will  act  on  the  slow-down  resistance  in 
such  a  manner  as  to  give  a  more  severe  slow  down 
for  the  light  coke  loads  than  for  the  heavy  ore  loads. 
This  device  was  to  be  operated  on  light  currents  and 


FIG.  3  —GEARED   LIMIT  SWITCH    WITH  WORM  GEAR. 

can  be  eliminated.  On  a  skip  tested  by  the  writer,  the 
maximum  variation  in  stop  from  light  to  heavy  load 
was  1.5  inches. 

For  safety  and  simplicity  all  electrical  interlocks 
have  been  eliminated.     Overload  and  no-voltage  pro- 
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tection  as  well  as  protection    against    failure    of    the  vides  against  mechanical  failure  of  the  driving  mech- 

shunt  field  are  obtained  by  the  use  of  relays  shown  on  anism  of  either  limit  switch. 

the  panel  in  Fig.  i.    Both  positive  and  negative  sides  A  number  of  these  equipments  have  been  in  op- 

of  all  control  circuits  and  the  shunt  brake  are  open  on  eration  for  several  years    and    are    giving    excellent 
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FIG.  6 — CURVE   OF    MOTOR    L0.4D   DUE   TO  COKE   (LIGHT)    HOISTING  FIG.  7— CURVE  OF  MOTOR  LO.i^D  DUE  TO  ORE    (HEAVY)  HOISTING 

both  the  master  switch  and  limit  switch.     A  duplicate 

limit  switch  is  often  provided  and  geared  to  another  service,   having  proven  their   worth   as  an   insurance 

portion  of  the  hoist  drive.     This  limit  switch  has  its  against  excessive   motor  and  hoist   maintenance   and 

contacts  in  series  with  the  first  limit  switch  and  pro-  delay  charges. 


An  Analysis  of  Diagram  Construction 


H.  L.  Beach 

Industrial  Control  Division, 

Westinghouse  Electric  &  Mfg.  Company 

A  DIAGRAM   shows   in   conventional    form  the 
electrical  connections  between  the  individual 
parts  of  a  piece  of  apparatus  or  between  sep- 
arate pieces  of  apparatus.     It  need  not  be  drawn  to 

scale,  in  fact  it  would  be  difficult  to  make  most  dia- 
grams to  scale  and  keep 
them  within  a  reasonable 
limit  of  size  and  clearness. 
The  parts  of  the  appa- 
ratus need  not  be  shown  in 
their  real  positions,  but 
accepted  practice  is  coming 
more  and  more  to  insist 
that  all  parts  that  are 
mechanically  bound  together 
be  shown  accurately  in 
their  relative  positions.  Con- 
ventional pictures  are  be- 
ting adopted  to  represent 
These  pictures  attempt  to  show 

the  apparatus  with  few  lines  and  yet  give  an  idea  of 

its  appearance  and  how  it  works. 

Diagrams  as  made  today  are  quite  different  from 

those  made  ten  years  ago,  a  number  of  conventions 

having  been  adopted  so  that  they  will  all  present  a 

uniform  appearance.     There  are  many  little  "tricks 

of   the  trade,"  however,  that  do  not  appear  on  the 

surface  and  yet  which  are  of  great  assistance  in  read- 
ing diagrams  and  following  the  circuits. 

Crossings  of  wires  used  to  be  made  as  in  Fig.  i 

(o).    This  takes  time  in  the  making  and  is  no  clearer 

than  the  modern  method  shown  at    (b).     Joints  or 

branches  were  shown  as  at  (c).    This  was  very  eas- 


ily passed  over  so  that  the  modern  way  was  adopted 
as  shown  at  (d).  It  is  frequently  desired  to  join 
two  wires  which  pass  each  other  and  which  are  some- 
times shown  as  at  {e).  This  is  not  good  practice 
for  it  is  easily  skipped  and  the  dot  is  easily  forgotten 
by  the  tracer  and  checker.  A  much  better  way  is 
shown  at  (/)  which  practically  eliminates  the  objec- 
tions. Another  trick  by  which  an  apparently  compli- 
cated diagram  can  be  much  simplified  is  to  eliminate 
double  crossing  of  lines.  These  appear  in  the  form 
shown  at  (g).  Often  the  space  between  the  lines  may 
contain  other  lines  and  may  be  in  the  form  shown  at 
(h).  This  can  be  clarified  by  the  simple  expedient 
of  arranging  the  lines  in  another  order  as  at  (k),  and 
it  very  often  develops  that  the  lines  may  be  shown  as 
at  (/)  by  other  changes  elsewhere  in  the  drawing. 
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parts  of  apparatus. 


(c) 


(a) 


(b) 


(d) 


(e) 


(1) 


(g) 
FIG. 


(h) 


W 


(1) 


1- 


A  COMPARISON  OF   CONVENTIONS  FOR  DIAGRAM 
CONSTRUCTION 


A  good  illustration  of  the  result  of  care  in  this 
matter  is  shown  in  Figs.  2  and  3.  The  older  diagram, 
Fig.  2,  is  easily  recognized.  There  are  25  crosses  in  the 
wires  outside  the  controller  of  which  only  one  is  ab- 
solutely necessary  as  may  be  seen  by  referring  to  Fig. 
3.  There  are  other  points  in  the  later  diagram  which 
tend  to  assist  in  making  the  diagram  clear:— The  lines 
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are  drawn  in  two  thicknesses,  the  heavy  lines  indicat- 
ing main  wires  or  wires  tliat  carry  large  currents  and 
the  light  lines  indicating  small  wires  or  those  that 
carry  small  currents ;  the  resistances  are  shown  in  the 
same  manner,  the  heavy  resistance  being  for  armature 
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FIG.  2 — AN  EXAMPLE  OF  AN  UNNECESSARILY  COMPLICATED 
DIAGRAM 

starting  and  the  fine  resistance  for  field  control ;  the 
controller  proper  is  surrounded  with  a  dot  and  dash 
line ;  the  end  on  which  the  handle  is  attached  is  la- 
beled ;  and  the  forward  and  reverse  motion  is  further 
clarified  by  arrows  showing  which  way  the  drum 
moves  in  relation  to  the  fingers  or  stationary  contacts. 
When  automatic  control  is  used  the  electrically- 
operated  switch  usually  plays  the  important  role.  The 
controller  then  assumes  the  form  of  a  switchboard 
and  the  wiring  is  of  two  kinds,  heavy  strap  and  small 
wires.  The  diagram  of  necessity  is  simple  or  com- 
plicated as  the  apparatus   is  simple  or  complicated ; 

HANDLE  END 


FIG.  3 — A  MUCH    MORE   CLEAR   AND   COMPACT    DIAGRAM    COVERING 
THE  IDENTICAL  APPARATUS  SHOWN    IN  FIG.  2 

the  diagram  of  a  self-starter  of  the  semi-automatic 
type,  for  instance,  becomes  very  easy  of  construction, 
as  shown  in  Fig.  4,  while  that  of  a  push-button  oper- 
ated controller  for  a  wheel  lathe,  while  not  by  any 
means  the  most  complicated  type  of  diagram,  still  pre- 


sents a  much  more  elaborate  aspect  than  the  starter, 
as  is  seen  by  comparing  Figs.  4  and  5. 

In  laying  out  these  panel  controllers,  the  diagram 
is  worked  out  when  the  layout  is  made  so  that  when 
completed  the  strap  wiling  will  present  the  simplest 
construction  possible.  This  is  for  reasons  of  mechan- 
ical construction  which  are  self-evident.  An  illustra- 
tion of  this  is  given  in  Fig.  6  in  the  wiring  of  four 
Switches  used  to  reverse  the  armature  of  a  motor. 
The  scheme  is  shown  at  (o)  and  two  possible 
methods  of  connections  at  (b)  and  (c).  In  each  case 
switches  /  and  2  close  to  give  one  direction  of  rota- 
tion and  switches  5  and  4  close  to  give  the  other.  In 
(b)  there  are  three  straps  requiring  bends  to  clear  the 
terminal  studs  and  one  pair  of  straps  cross.  In  (c) 
there  are  no  crosses  and  there  is  only  one  bent  strap. 

Another  point  always  to  be  remembered  is  that 
when  connecting  any  piece  of  apparatus  to  the  line, 
the  part  that  is  best  protected  from  accidental  contact 
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FIG.  4 — DIAGRAM  OF  A  SEMI-AUTOMATIC  STARTER 

should  be  the  line  side.  This  means  the  break  jaws  of 
a  knife  switch,  the  stationary  contact  of  a  magnet 
switch,  the  top  contact  of  a  circuit  breaker.  This  is 
for  the  protection  of  operators: — "Safety  First." 

The  control  wiring  of  panel  controllers  frequently 
becomes  verj-  complicated  making  it  difficult  to  trace 
out  the  connections.  Various  schemes  have  been  con- 
sidered for  lettering  the  connections  of  control  wiring 
to  permit  ready  tracing  of  circuits.  The  survival  of 
the  fittest  is  the  best  test  of  these  schemes  and  the 
one  that  has  stood  the  test  of  time  includes  a  decimal 
system.  The  positive  or  negative  wire  from  the  line 
goes  either  directly  to  the  master  switch  where  it  is 
marked  +  or  —  or  goes  through  limiting  devices  such 
as  an  overload  relay  or  a  travel-limit  switch,  and 
finally  to  the  master  switch  where  it  is  marked  0.  The 
fingers  of  the  master  switch  and  the  wires  leading 
from  them  are  marked  1-2-j,  etc.  If  it  is  a  reversing 
controller,  wire  /  is  ordinarily  used  for  the  forward 
wire  and  wire  .?  for  the  reverse.  These  wires  lead 
to  the  panel  and,  on  the  panel,  to  coils,  relay  con- 
tacts, interlocks,  small  auxiliar}-  resistances,  etc.,  and 
finally    to     the     other    side  of     the     line.      Suppose 
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FIG.  5— WIRING  LAYOUT   FOR  A  PUSH-BUTTON-CO>fTROLLED  WHEEL  LATHE 

Compare  with  Fig.  4.     Every  attempt  has  been  made  in  each  figure  to  make  the 
diagram  as  simple  as  possible. 


that  wire  i  goes  to  two  coils  in  series  and  then  to  the  numbering  scheme  as  described  here,  if  used  univer- 
minus  line.  The  terminal  of  the  first  coil  is  marked  sally,  would  save  many  hours  of  time  in  understand- 
/.  The  other  terminal  is  marked  lo  and  the  first  ter-  ing  "what  the  other  fellow  is  trying  to  do." 
minal  of  the  second  coil,  there 
being  no  intervening  apparatus,  is 
also  marked  lo  while  the  other 
terminal  of  this  second  coil  is 
marked  ( — ),  as  shown  in  Fig.  7 
(o).  If  the  circuit  passed  through 
some  additional  switching  devices 
it  would  be  enlarged,  as  shown  in 
Fig-  7  (^)-  It  is  seldom  that  more 
than  six  or  seven  wires  come  from 
a  master  switch  and  it  has  become 
customary  to  use  wire  p  as  a  com- 
mon negative  wire  when  there  is  a 
limit  device  on  that  side  of  the  line. 
This  system  in  brief  may  be  sum- 
med up  as  follows  : — 

I — Each  wire  has  a  number,  i.  e., 

it  is  named.     No  matter  where 

it  goes  it  has  the  same  num- 
ber so  long  as  no  coil  or  in- 
terlock  or    contact    or   resist- 
ance interrupts  its  circuit. 
2 — When   a  circuit  goes   through   a 

coil,  interlock,  resistor,  etc.,  the 

number    changes.      The    primary    numbers    (/,    2,    3, 

etc.).     are     used     for     master     switch     wires     and 

(this  is  one  of  the  vital  parts  of  the  system),^  these 

wires    step   up   ten    times    at    the    first   break    in   the 

circuit    and    then    once    at    each    subsequent    break. 

Any  wire  with  a  number  from  lo  to  I9  inclusive  has 

its   beginning   in    wire    / ;    any    wire   with   a   number 

from  20  to  sg  inclusive  comes  from  wire  2 ;  any  wire 

having  a   number   from   70   to  yg   would   come   from 

7;  etc.    By  this  system  it  is  easy  to  follow  back  from 

any  point  and  see  at  a  glance  where  current  comes 

from  primarily. 
3 — Diagrams  are  always  shown  with  switches  in  the  posi- 
tion they  take  when  the  master  switch  is  in  the  off 

position.    The  wires  are  then  numbered  consecutively 

in  the  sequence  in  which  they  are  used.     This  is  of 

great  assistance  in  tracing  the  operation  of  the  con- 
troller directly  from  the  diagram  without  the  actual 

apparatus   at   hand.     A  good   illustration   of    this    is 

given  in  Fig.  8.    Wire  /  goes  to  10,  and  10  connects 

to  several  wires  through  interlocks  or  relay  contacts. 

but   gets    its    first    circuit    through    wire    //.      Then, 

after  switch  2  has  closed,   wire  10   feeds  to  wire  /-' 

through  relay  contacts  and  from  wire  J 2  to  _  wire  is 

on  interlock  contacts,   closing  switch  /.     Tliis   opens 

the  connection  between  wires  10  and  11  and  switch  2 

opens ;    whereupon    wire    10    feeds    to    12,   to    14,   to 

15,  to  16  on  switch  4,  closing  the  latter,  after  which 

it  feeds  from  75,  to  17,  to  18,  closing  switch  3.  when 

15  is  connected  back  to  11  on  switch  3,  again  closing 

switch  2. 

The  use  of  these  few  standard  conventions  and 
numbering  schemes  will  be  of  great  assistance  to  any 
one  constructing  diagrams.  At  best  it  is  not  easy  to 
follow  out  a  diagram  and  those  who  make  it  seldom 
realize  the  troubles  of  the  individual  who  has  to  fol- 
low it  out  without  any  knowledge  of  the  primary  op- 
erating scheme.  Diagram  experts  themselves  often 
have  difficulty  in  understanding  diagrams  made  by 
others,  and  particularly  so  when  there  is  no  lettering 
of  contacts — no  guide  to  follow  out  the  scheme  in 
mind.  Each  wire  must  be  traced  to  its  end  at  once 
and  blind  alleys,  as  it  were,  are  often  encountered.    A 


(.) 


FIG.  6— COMPARATIVE   SCHEMES   FOR   LAYING   OUT    STRAP    WIRING 

The  comparison  between  (b)  and  (c) ,  the  schematic  diagram 
for  both  of  which  is  shown  at  (a),  indicates  the  possibility  of 
avoiding  bends  and  crosses  in  the  heavy  strap. 
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FIG.  7— SIMPLE  DIAGRAMS  INDICATING    THE   METHOD    OF    NUMBER- 
ING IN  THE    DECIMAL  SYSTEM 
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FIG.  8— AN  EXCELLENT  EXAMPLE  OF   THE   APPLICATION   OF    THB 
DECIMAL    SYSTEM 

The  diagram  brings  out  not  only  the  actual  connections,  but 
the  sequence  of  operation  of  the  parts. 


Automatic   Starters  and  Controllers 

W.  H.  Patterson 

Industrial  and  Power  Dept., 

Westinghouse  Electric  &  Mfg;  Company 

HE  USE  of  automatic  starters  and  controllers      ton;  hence  the  operator  is  protected  from  injur)'  due 


I  for  motors  driving  machine  tools,  wood-work 
*  ing  machinery,  compressors,  pumps,  fans,  etc., 
is  becoming  quite  common,  since  they  offer  many  ad- 
vantages over  hand  control. 
The  principal  advantages 
may  be  outlined  as  fol- 
lows : — 

I — They  give  protection 
to   the   motors   by   limiting 
the     accelerating     current 
»  and   automatically  varying 

■iJBliJH  -  J^^^Hj  the  time  of  acceleration, 
^^^^^>  /  J^^^^^t  depending  upon  the  load 
^^^^^^^^sA^^^^^H  the  motor  has  to  ac- 

celerate, bringing    the  mo- 

W.    H.    P.\TTERSON  .  s    U  J      •  U 

tor  to  tull  speed  m  the 
shortest  possible  time  consistent  with  safety. 

2 — The  starters  are  so  simple  in  operation  that 
wrong  operation  is  an  impossibility. 

3 — Xo-voltage  release  and  no-voltage  protection 
are  given,  depending  upon  the  form  of  the  starter. 
By  no-voltage  release  is  meant  that  upon  failure  of 
voltage  the  switches  open,  thus  stopping  the  motor, 
and  upon  return  of  voltage  the  switches  automatical- 
ly close  in  the  correct  sequence  and  bring  the  motor 


FlO.     I — VVESTI.NGHOUSE     PRESSURE    G.\CE     M.\STER     SWITCH 

gradually  to  full  speed.  This  form  of  starter  is  suit- 
able for  use  with  motors  driving  compressors,  pumps, 
fans,  and  blowers.  By  no-voltage  protection  is  meant 
that,  upon  failure  of  voltage,  the  switch  is  opened, 
stopping  the  motor.  Upon  return  of  voltage  the 
switches  remain  open  until  the  operator  pushes  a  but- 


to  sudden  starting.  This  form  of  starter  or  controller 
is  used  with  motors  driving  machine  tools  or  wood- 
working machinery. 

4 — These   starters   may  also    be    provided    with 


FIG.    2 — THE    SIMPLEST    FORM    OF    SEMI-.\UTOM.\TIC    ST.\RIER    CON- 
SISTING OF  .\CCF.LER.\TIXG  SWITCHES  ONLY 

This  requires  separate  line  knife  switch. 

overload  relays  which  stop  the  motor  in  case  of  se- 
vere overload,  thus  thoroughly  protecting  the  motor 
and  the  machinerj-  which 
it  drives. 

5 — To  start  and  stop 
the  motor  it  is  merely 
necessar}'  for  the  opera- 
tor to  push  a  button  or 
close  and  open  a  knife 
switch.  A  saving  in  time 
is  thus  effected,  as  the 
push  button  or  switch 
may  be  verj-  conveniently 
located  near  the  operator. 
On  large  machines  a 
number  of  push  buttons 
may  be  located  at  various 
places  on  the  machine,  all 
performing  the  same 
function,  so  that  the  op- 
erator does  not  have  to 
return    to    the   starter   to  '"=•  ^T.U'Tx'.f  V."'"o '""" 

AUTOM.\TIC  ST.\RTER 

stop    or    start     the  ma-       This   is   similar   to   that   of 

chine.  F^'S-     '     '^ut    includes    on    the 

^      ~,             .      ,  panel  the  necessarj-  line  knife 

6— These    starters  can  ^^^.^^ch  and  fuses. 

be  equipped  with  pressure 

gage  master  switches  as  shown  in  Fig.  i,  for  motors 
driving  air  compressors  which  will  automatically  start 
and  stop  the  motor  between  any  pre-determined  limits. 
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For  example  when  the  pressure  in  the  tank  falls  to 
the  lower  limit  the  needle  on  the  master  switch  makes 
contact,  thus  closing  the  magnet  switches  on  the  start- 
er, starting  the  motor  driving  the  air  compressor. 
When  the  pressure  reaches  the  upper  limit  the  needle 


FIG.  4 — A   ST.\RTER  OF  THE  AUTOXtATIC  TYPE 

The  line  knife  switch  of  Fig.  3   is  replaced  by  a  magnet 
switch  operated  by  a  push  button. 

of  the  master  switch  makes  another  contact  and  opens 
the  circuit  to  the  starter,  stopping  the  motor.  The 
starters  ma}-  also  be  applied  to  motors  driving  pumps 
and  furnished  with  either  pressure  master  switch  or 
float  switch,  which  will  automatically  start  and  stop 
the  motor  between  predetermined  limits. 


riG.    5 — AN    AUTOMATIC    STARTER   SIMILAR   TO   THAT   OF   FIG.   4 

Furnishing,  in  addition,  protection  by  means  of  an  over- 
load relay. 

7 — Remote  control  is  also  possible  with  this  type 
of  starter;  thus  the  motor  and  starter  may  be  located 
at  some  distant  point  from  the  button  and  the  opera- 
tor can  start  and  stop  the  motor  without  having  to  go 
to  the  motor  and  starter. 

8 — The    output    of    machine    tools    is    increased 


because  the  operator  is  able  to  start  and  stop  his  ma- 
chine quickly  and  to  accelerate  it  in  the  shortest  pos- 
sible time  consistent  with  safety.  He  does  not  have 
to  waste  time  shifting  heavy  belts  or  clutches.  Also 
when  used  with  an  adjustable  speed  motor  he  can  ob- 


FIGS.    6    AND    7 — AUTOMATIC    STARTERS    FOR    USE    WITH 
ADJUSTABLE   SPEED   MOTORS 

Fig.  6  is  a  machine  tool  starter  providing  quick  stopping 
by  dynamic  braking  through  the  back  contact  of  the  line 
magnet  switch. 

Fig.  7  is  similar  in  its  starting  switches  to  the  simpler 
starter,  but  is  equipped  in  addition  with  field  rheostat  and 
accelerating  relay. 

tain  exactly  the  right  maximum  cutting  speed  for  the 
work  at  hand. 

Automatic  starters  and  controllers  are  made  in  a 
variety  of  forms  to  meet  tlie  different  classes  of  serv- 


FIG.   8 — A    lOO  INXH   BORING   MIU- 

Driven  by  a  20  horse-power,  230  v. It,  500  to  i  500  r.p.ra. 
direct-current  adjustable  speed  motor  with  push-button  auto- 
matic magnet  switch  starter. 

ice  and  applications  of  motors.  Only  the  most  com- 
mon of  these  are  covered  in  this  article.  The  simplest 
form,  Fig.  2,  consists  of  two  series  accelerating  mag- 
net switches  and  the  necessary  armature  resistance. 
With  this  starter  it  is  necessary  to  use  a  separate 
knife  switch.  Upon  closing  the  knife  switch,  the 
motor    is    connected    to    the    line    with    resistance    in 
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series  with  the  armature.  The  magnet  switches  auto- 
matically close,  cutting  out  the  armature  resistance 
and  bringing  the  motor  to  full  speed.  By  opening 
the  knife  switch  the  motor  is  stopped.  Fig.  3  is  the 
same  form  of  starter  as  Fig.  2,  except  that  the  knife 
switch  and  fuses  are  mounted  on  the  starter.  Both 
of  these  forms  of  starters  give  no-voltage  release. 

The  form  of  starter  shown  in  Fig.  4  consists  of 
one  shunt  line  magnet  switch  with  blow-out  coils  and 
the  necessary  series  accelerating  switches  and  start 
and  stop  push  buttons.  Upon  pushing  the  start  push 
button,  the  shunt  line  magnet  switch  closes,  connect- 
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Diagram  for  Fig.  7 
FIG.   g — DIAGRAMS  OF  CONNECTIONS 

Showing  schematically  the  operation  of  the  starters  shown 
in  Figs.  2  to  7  respectively. 

ing  the  motor  to  the  line  with  resistance  in  series  with 
the  armature  and  then  the  series  switches  automatic- 
ally close,  cutting  out  the  armature  resistance  and 
bringing  the  motor  to  full  speed.  Upon  pressing  the 
stop  side  of  the  push  button,  the  switches  open,  stop- 
ping the  motor.  This  form  of  starter  is  made  to  g^ve 
either  no-voltage  release  or  overload  protection. 

Another  starter,  shown  in  Fig.  5,  has  the  same 
characteristics  as  that  in  Fig.  4,  except  that  it  is 
equipped  with  an  overload  relay  which,  in  case  of  heavy 
overload,  opens  the  magnetic  switches,  stopping  the 
motor,  thereby  protecting  the  motor  and  the  machine 


which  the  motor  drives.  This  relay  is  made  in  three 
types  for  different  services : — First,  shunt  reset,  which 
is  reset  by  pushing  a  button,  bringing  the  master 
switch  to  the  "off"  position ;  second,  hand  reset,  which 


FIG.    10 — A    SIX-FOOT    RADIAL    DRILL 

Driven  by  an  11  horse-power,  230  volt,  450  to  i  800  r.p.m. 
direct-current  adjustable  speed  motor  vith  push-button  au- 
tomatic magnet  switch  starter. 

must  be  manually  closed  at  the  controller;  third,  auto- 
matic reset,  which  is  closed  automatically  as  soon  as 
the  overload  is  removed.  , 

A  starter  with  a  shunt  magnet  line  switch,  blow- 
out coil,  a  back  contact,  and  the  necessary  series  ac- 
celerating magnet  switches  is  shown  in  Fig.  6.  This 
type  of  starter  is  equipped  with  start  and  stop  push 
button  stations  and  gives  no-voltage  protection.  It 
is  similar  in  operation  to  the  starter  shown  in  Fig.  4, 
except  that  upon  pushing  the  stop  side  of  the  push 
button,  the  shunt  line  magnet  switch  opens  and  the 
back  contact  closes,  inserting  resistance  in  shunt 
around   the  armature  of  the  motor,   thus  giving  dy- 


FIG. 


II — AN    AUTOMATIC    CONTROLLER    APPLIED    TO    A 
C.\R-WHEFX  LATHE 


namic  braking  and  stopping  the  motor  very  quickly. 
These  starters  are  especially  adapted  to  wood-work- 
ing and  machine  tool  service.  They  may  also  be 
equipped  with  overload  relays  where  desired. 
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I-IG.    12 — WHEEL    LATHE    CONTROLLER 
WITH    COVER 


The  form  of  starter  shown  in  Fig.  7  gives  no-volt- 
age protection  and  is  used  with  adjustable  speed  mo- 
tors for  the  operation  of  wood -working  and  machine 
tools.     It  consists  of  a  shunt  line  switch  with  blow- 
out coils,  the  neces- 
^     sary   series   acceler- 
ating      magnet 
switches,  a  field  rhe- 
ostat   to    cover    the 
speed  range    of    the 
motor,  a  field  accel- 
erating relay  to  ac- 
celerate    the    motor 
to  the   speed   corre- 
sponding to  the  set- 
ting of  the  field  rhe- 
ostat and  a  start  and 
stop     push     button 
station.       S  u  c  h    a 
starter,  applied  to  a 
100  inch  boring  mill, 
is  shown  in  Fig.  8, 
and     a    similar    one 
operating    a     radial 
drill     is     shown     in 
Fig.       10.         These 
starters  may  also  be 
equipped  with  over- 
load relay  and  dynamic  braking   features  where  de- 
sired.   The  schematic  diagrams  for  the  various  start- 
ers are  shown  in  Fig.  9. 
Fig.    1 1    shows   a   car 
wheel     lathe     equipped 
with      a      direct-current 
adjustable  speed    motor 
and    automatic    control- 
ler,*  and    the    latter  is 
shown  with  and  without 
its  cover  in  Figs.  12  and 
13.    In  turning  down  lo- 
c  o  m  o  t  i  V  e     and     car 
wheels,   hard    spots   are 
frequently    encountered, 
and  unless  these  are  cut 
at  low  speed  the  cutting 
tool  is  apt  to  break.    On 
the  other  hand    the  re- 
mainder   of    the    wheel 
may  be   cut   at  a  much 
higher  speed  in  order  to 
obtain    economical    pro- 
duction.    The    operator 
cuts  the  soft  part  of  the 
wheel  at  a    high    speed 
and  when  a  hard  spot  is  reached  reduces  the  speed  to 
the  proper  value  by  pushing  the  button ;  and  when  the 
spot  is  passed  the  normal  cutting  speed  is  resumed.   In 
this  way  the  cutting  is  done  at  the  most  efficient  rate, 


FIG.    13 — CU.NlKOLI.hR    SHOWN    IN 
FIG.   12  WITH  COVER  REMOVED 


FIG.    14 — B.^CK  VIEW  OF  A  WALL-MOUNTING 
STATOR,    SHOWING    RESISTORS 


*For  diagram   of  this  controller,  see  Fig.   5,   p.  668. 


the  expense  and  delay  due  to  breaking  of  tools  are 
eliminated  and  the  time  of  setting  up  work  can  be 
greatly  reduced  because  the  operator  can  start  and  stop 
the  lathe  without  leaving  the  cutting  tool. 

The  controller  consists  of  a  slate  panel  on  which 
ismounteda 
shunt  magnet  line 
switch,  a  dynami: 
brake  magnet 
switch  and  the 
necessary  series 
accelerating  mag- 
net switches ;  also 
a  double-t  h  r  o  w 
knife  switch  to 
reverse  the  motor 
if  necessary.  An 
enclosing  cover  is 
a  feature  of  the 
controller  for  this 
service  and  a  field 
rheostat  for  ad- 
justing the  motor 
speed  is  separately  mounted  on  the  cover  of  the  con- 
troller. 

The  operator  controls  the  motor  by  means  of  a 
set  of  four  push  buttons  marked  respectively — "start," 
"stop,"  "fast"  and  "slow."  Any  number  of  stations 
can  be  supplied,  but  more  than  one  are  seldom  re- 
quired. The  field  rheostat  is  adjusted  to  give  maxi- 
mum desired  speed  for  the  soft  part  of  the  wheel. 
The  "start"  button  is 
first  pushed  and  then 
the  "fast"  button. 
The  motor  is  then  au- 
tomatically accelera- 
ted to  the  speed  fixed 
by  the  setting  of  the 
rheostat.  It  makes 
no  difference  how 
quickly  the  "fast" 
button  is  pressed  aft- 
er the  "start"  button. 
The  motor  accelera- 
tion depends  upon  a 
predetermined  setting 
of  the  controller  and 
cannot  be  altered  by 
by  the  operator; 
hence  he  cannot  in- 
jure the  motor  by 
too  rapid  accelera- 
tion. The  motor  is  always  started  with  full  field 
which  is  weakened  automatically  after  all  the  starting 
resistance  is  cut  out.  When  a  hard  spot  is  reached 
the  "slow"  button  is  pressed,  the  motor  then  operates 
at  slow  speed  until  pressing  the  "fast"  button  brings 
the  motor  to  full  speed  again.  When  the  "stop"  but- 
ton is  pressed  the  motor  is  quickly  brought  to  rest  by 
dynamic  braking. 


FIG.  15 — B.\CK  VIEW  OF  FLOOR- 
MOUNTING  STARTER,  SHOW- 
ING  GRID   RESISTORS 


Magnetic  Control  for  Steel  Mill  Auxiliary  Motors 

A.  G.  Ahrens 

Industrial  and  Power  Dept., 
Westinghouse  Electric  &  Mfg.  Company 

ONE  of  the  most  important  factors  in  connection  with  the  rapid  progress  made  in  recent  years  in  the 
application  of  electric  power  in  the  steel  industry  has  been  the  development  and  perfection  of  magnetic  con- 
trol unth  its  application  to  motor  drives.  Magnetic  control  was  first  used  in  the  steel  industry  about  ten 
years  ago.  It  was  applied  on  ore  unloaders,  zvhere  remote  control  was  desired,  and  later  to  the  severe  re- 
versing -work  incident  to  the  operation  of  the  mill  and  the  actual  rolling  of  the  steel,  on  such  applications 
as  mill  tables,  where  automatic  acceleration  zvith  protection  to  motor  and  machinery  was  desired.  As  the 
general  advantages  of  magnetic  control  became  more  apparent,  its  use  became  more  general,  and  with  the 
recent  improvements  in  control  systems,  as  offered  by  series  switches,  double  throw  switches,  etc.,  mini- 
mising the  wiring  and  connections,  and  simplifying  the  systems  in  many  other  ways,  together  with  the 
reductions  in  cost  that  haz'e  resulted,  its  application  is  becoming  much  more  general. 


M 


•ANUALLY-OPERATED  controllers  are  lim- 
ited in  their  use  as  regards  size  and  power 
to  operate  them.  In  sizes  above  75  horse- 
power, 230  volts,  the  manually-operated  controller  is 
too  large  to  be  mounted  conveniently  to  the  operator, 

especially  where  the  resist- 
ance is  mounted  in  a  frame 
integral  with  the  contact 
making  devices,  and  the 
I)hysical  power  required  to 
operate  it  in  mill  practice  is 
too  great  for  one  man.  In 
the  best  modern  practice, 
magnetic  control  is  used  on 
all  motors  of  50  horse-pow- 
er, 230  volts,  and  larger  on 
intermittent  duty,  and  on 
smaller  motors  where  the 
service  requires  it.  ^\"ith  the 
increased  capacity  of  mills  and  cranes  now  being  in- 
stalled, motor  units  of  larger  size  are  coming  into  more 
general  use  and  this  is  resulting  in  greater  and  more 
general  use  of  magnetic  control. 

The  labor  employed  to  operate  the  motors  in  the 
mills  is  often  of  a  type  which  is  irresponsible  and  will 
not  follow  instructions  to  allow  sufficient  time  for  re- 
versing and   accelerating  the   motors  with   manually- 


motor  at  full  speed.  The  resulting  sudden  change  in 
speed  racks  and  strains  the  motor  and  crane  equip- 
ment and  actually  means  a  loss  in  time,  as  such  condi- 
tions are  unfavorable  for  the  rapid  stopping  and  ac- 
celeration which  are  necessary  to  handle  the  stock  in 
a  satisfactory  manner.  With  magnetic  control,  the 
motor  current  can  be  limited  to  safe  values,  insuring 
stopping  and  acceleration  of  the  motor  without  abuse 
of  the  equipment  and,  at  the  same  time,  maximum 
economy  of  time  can  be  eflfected,  independently  of  the 
operator. 

The  screw-down  of  a  two-high,  reversing  mill  is 
an  example  of  the  severity  of  conditions  that  may  be 
imposed  in  mill  service.  The  motors  on  this  applica- 
tion are  used  to  adjust  the  space  between  the  rolls, 
raising  or  lowering  the  top  roll.  The  rolls,  in  general, 
are  adjusted  for  each  pass,  while  the  steel  is  on  the  re- 
ceiving table  and  the  rotation  of  the  rolls  is  being  re- 
versed. The  time  allowed  for  adjustment  of  the  rolls 
varies  with  the  type  of  mill  and  work  done,  but  is  not 
more  than  two  seconds.  This  can  be  appreciated  bet- 
ter, when  it  is  stated  that  an  ingot  can  be  reduced  to  a 
bloom  in  two  minutes,  making  19  passes  in  that  time, 
and  this  is  not  extraordinarily  fast  mill  operation,  but 
is  simply  rolling  practice  on  a  certain  mill. 

With  manually-operated  control,  on  a  certain 
mill,  the  armatures  had  to  be  replaced  approximately 
operated  control;  and  as  a  result  the  motor  and  the  g^.^^y  two  weeks,  frequently  requiring  new  coils  or 
mechanical  equipment  suffer  severely.  On  cranes,  „ew' commutators.  About  two  years  ago,  a  magnetic 
charging  machines,  strippers  and  like  machinery,  and  controller  similar  to  the  one  described  below  was  in- 
in  the  operation  of  the  mill  tables,  manipulators,  jtaHed,  and  so  far  the  motor  armatures  have  not  been 
screw-downs,  etc.,  one  operator  often  has  charge  of  changed  or  repaired  since  the  installation  of  the  mag- 
three  to  five  controllers  and  operates  two  or  three  of  ^^jj^  control.  The  normal  full-load  current  of  tlie 
them  simultaneously;  in  such  cases,  even  where  the  ,„otors  (there  are  two  in  series)  is  300  amperes.  With 
operator  is  fairly  intelligent,  he  is  often  tempted  to     j,,^  magnetic  controller,  the  peaks  are  approximately 
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crowd  and  abuse  the  equipments  in  order  to  gain 
time.  With  the  use  of  magnetic  control,  proper  pro- 
tection is  insured  to  the  motor  and  equipment,  inde- 
pendently of  the  operator,  eliminating  the  extra- 
ordinary delays  and  repair  expense  connected  with 
the  use  of  the  manually-operated  controllers. 

On  a  stock  yard  crane,  the  trolley  motor  with 
manually-operated  control  often  has  to  take  two  to 
three  times  its  normal  current,  due  to  "plugging"  the 


700  amperes,  while  with  the  manually-operated  con- 
troller the  peaks  exceeded  i  000  amperes,  resulting  \n 
severe  electrical  and  mechanical  shocks  to  the  motors- 
Considerably  faster  operation  is  now  obtained,  which 
has  increased  the  output  of  the  mill. 

The  functioning  of  the  controller  and  the  neces- 
sity of  selecting  controllers  with  durability  and  sim- 
plicity as  their  main  features  can  better  be  appreciated 
when   it  is   stated   that   the   armature  current  of  the 
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motors  is  reversed  150000  to  200000  times  a  week, 
and  the  controller  must  make  and  break  the  circuit 
for  each  reversal.  This  is  the  sort  of  service  for 
which  the  controllers  are  designed,  however,  and  to 
date  they  show  no  signs  of  wear  except  on  the  con- 


and  renewal  of  wearing  parts  with  minimum  delay. 
The  simplicity  of  the  connections  and  the  absence  of 
interlocks  with  a  multiplicity  of  contacts  and  the  ac- 
companying wiring  are  particularly   noticeable. 

The  two  double-pole  switches  close  by  means  of 


FIG.    I — REVERSING    BLOOMING    MILL    SHOWING    MOTOR   DRIVEN    SCREW    DOWN    AND  ROLL   T.-VBLES 

tacts,  which  are  replaceable,  and  are  renewed  as  re-  shunt  coils,  and  are  mechanically  interlocked  so  that 

quired  on  individual  switches,  after  they  have  made  both  cannot  be  closed  at  the  same  time.    Each  double- 

from  one  and  one-half  to  two  million  breaks.  pole   switch   is  provided  with   a  back  contact,  which 

The  Construction  and  Mounting  of  the  Apparatus  closes  when  the  switch  is  in  the  open  position.      These 


FIG.  2- 


-CONTROL    PANEL    EMPLOYED    IN    THE    OPERATION    OF    SCREW 
DOWN    MOTORS   IN   STEEL   MILLS 


'are  extremely  substantial,  as  shown  in  Fig.  2,  each 
switch  being  assembled  on  an  individual  base,  which 
is  mounted  on  a  pipe  framework.  Each  switch  is  de- 
tachable, without  disturbing  the  other  parts,  and  the 
arrangement  is  such  as  to  permit  adequate  inspection 


IIG.    3-  FLOOR    CU.\KG1NG    MACHINE    EQUIPPED    WITH 
MAGNETIC   CONTROL 

There  are  four  motors  under  the  operator's  control  on  this 
machine ;  namely,  hoist,  trolley,  peal  and  bridge  travel.  The 
operation  is  to  lift  boxes  from  in  front  of  the  furnace,  to 
raise  and  carry  them  f  rward  and  to  invert  them  inside  the 
furnace. 

contacts  are  shown  as  2-A  and  i-A  in  Fig.  6,  and  when 
closed  connect  the  braking  resistance  directly  across 
the  armatures.  The  back  contacts  are  provided  with 
series  holding  coils,  so  as  to  insure  good  contact  when 
carrying  current. 

The  two  single-pole  magnet  switches  for  the  re- 
sistance notches  (three  for  100  hp  motors  and 
larger),  shown  in  the  diagram  as  7  and  8,  are  of  the 
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series  "lockout"  type.  Series  "lockout"  switches  can- 
not close  until  the  current  has  fallen  below  a  certain 
value,  which  is  capable  of  regulation  by  adjusting  a 
knurled  nut  at  the  end  of  the  lower  magnet  arm.  The 
use  of  these  switches  avoids  the  necessity  of  series 
relays  and  interlocks  and  their  accompanying  compli- 
cations. Switch  7  is  provided  with  an  operating  coil 
only,  while  8  has  both  operating  coil  and  series  "hold- 


FIG.    4 — END    VIEW    OF    CH.ARCIXG    M.\CHIXE    OF    FIG.    3,    SHOWING 
CONTROL    .\PP.^R.\TUS 

in"  coil.  The  "hold-in"  coil  is  put  in  series  with  the 
operating  coil,  after  the  switch  is  closed.  This  pro- 
vides a  coil  of  a  comparatively  large  number  of  turns, 
which  holds  the  switch  closed  during  periods  when 
the  current  is  light. 

Overload  Protection  is  provided  for  by  means  of 
two  overload  relays  (one  on  each  side  of  the  line), 
shown  in  the  diagram  as  OL.  After  the  overload 
relays  have  operated,  they  can  be  reset  by  bringing 
the  master  switch  to  the  "off"  position.  The  overload 
protection  providing  for  opening  up  both  sides  of  the 


FIG.    S — ^TYPES    OF   RELAYS    USED    IN    STEEL    MILL    SERVICE 

These  relays  are  for  overload  protection  and  must  be 
thoroughly  reliable  in  operation.  The  relay  on  the  right  mav 
be  reset  either  electrically  or  by  hand  while  that  on  the  left 
is  reset  automatically. 

line   makes    failure   of    operation,    due    to   grounded 
power  circuits,  impossible. 

•The  master  switch  consists  of  two  switches 
mounted  together,  and  is  arranged  to  open  or  close 
both  sides  of  the  control  circuit  simultaneously,  so 
that  grounds  on   the   control   circuit   cannot  possibly 


afTect  the  oijcration.  Similar  double  master  switches 
are  used  with  lift  table  and  blast  furnace  skip  hoist 
controllers,  on  which  applications  a  grounded  control 
circuit  might  cause  the  equipment  to  be  wrecked  by 
making  it  impossible  to  disconnect  the  motors  from 
the  power  circuit. 

Operation  of  the  Controller — When  the  master 
switch  is  in  the  "off"  position,  the  back  contacts  2-A 
and  I-A  are  closed.  By  throwing  the  master  switch 
to  the  "forward"  position,  the  line  switch  p  is  closed 
and  the  coil  of  the  double-pole  reversing  switch  1-4  is 
energized,  closing  the  switch  and  opening  the  back 
contact  i-A  at  the  same  time.  This  operation  starts 
the  motors  in  the  forward  direction.  After  the  start- 
ing current  has  fallen  to  a  predetermined  value,  the 
series  lockout  switch  7  closes,  and  thereby  short-cir- 
cuits a  portion  of  the  starting  resistance  and  cuts  into 
circuit  the  opeiating  coil  OC-8  of  the  series  "lockout" 
switch  S.  This  causes  the  motors  to  accelerate.  When 
the  starting  current  has  again  fallen  to  the  proper 
value  8  closes  and,  in  so  doing,  short-circuits  all  of 
the  resistance  and  the  operating  coil  of  7,  and  at  the 
same    time   cuts   into   circuit    its   holding  coil    HC-8. 

In  order  to  stop  the  motors,  the  master  switch  is 
thrown   to   the   "off"   position.     This   operation   de- 
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FIG.    6 — SCHEM.\TIC    DI.ACRAM    .\ND    SEQUENCE    OF    SWITCHES    FOR 
TWO   COMPOUND   MOTORS    IN    SERIES 

OL=0\-er-load  relay.  OC=Operating  coil.  .'l/C=Holding  coil. 

energizes  the  coils  of  all  the  switches  and  closes  tlie 
back  contact  i-A,  the  back  contact  J-A  being  already 
closed.  When  this  occurs  the  braking  resistance  is 
thrown  directly  across  the  armatures,  and  as  the  shunt 
fields  are  on  the  line,  dynamic  braking  is  automatic- 
ally effected.  Thus,  the  simple  operation  of  throwing 
the  master  switch  from  the  "forward"  to  tlie  "off" 
position,  brings  the  motors  to  a  dead  stop  almost  in- 
stantly. The  same  conditions  hold  true  for  the  re- 
verse direction  of  rotation. 

The  use  of  dynamic  braking  with  screw-down 
controllers  greatly  simplifies  the  operation  of  the  equip- 
ment and  enables  the  operator  to  control  the  move- 
ment of  the  rolls  much  more  accurately  and  quickly 
than  if  the  usual  arrangement  of  "plugging"  or  re- 
versing the  armature,  in  order  to  stop  the  motor,  is 
used.  The  operation  of  the  controller  is  so  simple 
that  no  particular  skill  on  the  part  of  the  operator  is 
required  to  produce  good  results. 

Other  applications  in  steel  mills  are  equally 
severe  and  as  exacting  on  the  controller  and  motor 
equipment.     The  reversing  tables  of  a  two-high  re- 
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versing  mill  may  be  mentioncci.  These  tables,  one  on 
each  side  of  the  main  rolls,  perform  the  function  of 
returnnig  the  ingot  to  the  rolls  for  the  return  pass, 
and  operate  alxjut  one-half  as  often  as  the  screw- 
down.  The  tables  are  in  reality  a  set  of  small  rollers, 
geared  togethei.     Some  idea  (jf   this   service  may  be 


FIG.     7 — AN     INSTALLATION     OF     ALTERNATING-CURRENT     MAGNET 
SWITCHES    CONTROLLING    THE    SICCONDARV    OF    A    HOIST    MOTOR 

gained  when  it  is  stated  that  the  tables  must  receive 
the  ingot  weighing  2  to  2.5  tons  coming  from  the  rolls 
with  a  velocity  of  400  to  700  feet  per  minute,  stop, 
reverse,  accelerate  it  in  the  reverse  direction  and 
return  it  to  the  rolls  for  the  next  pass  in  about  two 
seconds.  When  it  is  further  noted  that  a  table  is  gen- 
erally made  up  of  22  rollers,  weighing  1  000  pounds 
each,  the  task  set  for  the  motors,  and  more  particu- 
larly the  controller  can  be  appreciated. 

The  lifting  and  lowering  tables  of  a  three-high, 
non-reversing  mill  form  another  application  that 
might  be  mentioned,  as  they  illustrate  best  the  neces- 
sity of  accurate  stopping,  in  addition  to  the  service 
features.  These  tables  perform  the  functions  of  the 
reversing  tables  of  the  two-high  reversing  mill,  and 
in'  addition  raise  the  ingot  from  the  lower  pass  to  the 
top  pass,  and  vice  versa.  Motors  of  the  slow-speed  type 
on  this  latter  service  start,  accelerate,  slow-dow-n  and 
stop  sometimes  in  less  than  three  revolutions  of  the 
armature,  and  the  stop  must  be  accurate,  as  a  drift  of 
three  or  four  inches  will  cause  the  ingot,  which,  as  ex- 
plained above,  is  traveling  at  high  velocity,  to  wreck 
the  table,  delaying  the  mill  for  hours  or  even  days. 

An  application  with  which  most  readers  are 
familiar  is  the  hoist  movement  on  cranes.  In  steel 
mills  before  the  adoption  of  magnetic  control,  it  was 
recognized  that  this  application  was  inseparable  from 
high  maintenance  costs,  very  frequent  inspections  and 
numerous  accidents.  Today  the  magnetic  control, 
with  its  advantages  of  ease  of  operation,  full  protec- 
tion against  no  voltage  and  extreme  overloads,  auto- 
matic acceleration,  and  dynamic  braking,  has  greatly 
reduced  repair  costs,  requires  no  special  attention  and 
accidents  are  minimized  so  far  as  careless  operation 
of  the  motor  is  concerned,  and  better  antl  more  ef- 


fi  rient  operation  of  the  cranes  is  obtained.  The  use 
of  dynamic  braking  in  conjunction  with  an  electric 
holding  brake  has  done  much  to  simplify  the  design  of 
cranes  and  reduce  the  cost  of  maintenance,  which  was 
excessive  with  the  use  of  mechanical  brakes.  It  has 
been  said  by  the  superintendent  of  one  of  the  largest 
steel  i)lants,  speaking  of  his  experience  with  magnetic 
controllers,  that  "the  use  of  dynamic  braking  hoist 
controllers  with  the  elimination  of  mechanical  brakes 
has  at  once  done  away  with  at  least  one-half  of  the 
troubles  with  cranes." 

This  is  also  true  of  the  charging  machines  in  the 
open-hearth  department,  the  strippers  in  the  mill,  the 
ore  bridges  in  the  yard  and  the  charging  larries  and 
jjushers  in  the  coke  plant.  When  the  universal  use  of 
cranes  is  borne  in  mind — especially  in  steel  mills, 
where  they  are  used  to  handle  the  raw  materials,  the 
finished  steel  and  also  the  hot  metal  in  liquid  and  in 
solid  form,  in  handling  which  an  accident  may  not 
only  mean  delay  with  great  expense,  but  also  frightful 
loss  of  human  life — the  value  of  the  improvement  in 
service,  as  effected  by  magnetic  controllers,  can  be 
better  appreciated. 

To  meet  the  conditions  of  mill  service  success- 
fully, every  part  of  the  controller  must  be  developed 
to  give  the  highest  type  of  service.  The  success  of 
the  controller  is  dependent  not  only  upon  the  working 
relation  of  the  various  parts,  but  also,  and  to  a  large 
extent  upon  the  ability  of  each  part  to  stand  up  under 
the  conditions  imposed  upon  it.  Too  often,  too  much 
attention  is  paid  to  the  w-iring  diagram  or  some  other 
abstract  feature  of  the  control  system  in  the  selection 
of  controllers.  A  controller  is  reliable  only  so  far  as 
every  part  of  it  is  reliable. 

\\\ih  the  introduction  of  magnetic  control,  amid 
the  enthusiasm  aroused  by  its  ajiparent  advantages 
over  manually-operated  controllers,  the  necessity  of 
making  the  detail  parts  equal  to  the  service  conditions 
was  overlooked.  As  a  result,  some  of  the  designs 
brought  out  by  manufacturers  in  the  early  develop- 


FIG.  S — DETAIL  PARTS  INTERCHANGEABLE  BF,T\VEEX  DIRECT  AND 
ALTERNATING-CURRENT  MAGNET  SWITCHES  OF  CORRESPONDING 
RATINGS 

ment  were  inadequate  for  the  conditions  to  be  met. 
As  an  example,  the  earlier  types  of  master  switches 
were  weak  and  flimsy,  being  simply  a  means  of  mak- 
ing the  necessary  connections,  with  no  provision  to 
meet  unusual  conditions,  resulting  from  abuse,  acci- 
dents, mill  dust,  etc.    The  later  master  switches  have 
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proved  reliable  and  durable  in  mill  service.  These 
same  features  are  also  exemplified  in  the  relays  shown 
in  Fig.  5.  Controllers  that  meet  the  conditions  as  noted 
above  successfully  and  reliably  are  only  made  possible 
by  rugged  design  of  all  parts  with  simplicity  as  the 
keynote  of  the  systems,  eliminating  small  parts  as 
much  as  possible. 

The  successful  development  of  magnetic  control 
has  been  one  of  the  prime  features  in  widening  the 
scope  of  motor  drive.  Particularly  has  this  been  true 
of  the  recent  development  of  the  alternating-current 
magnet  switch  together  with  the  corresponding  relays. 
This  has  been  retarded  somewhat  due  to  the  ditftculties 


presented  by  the  inherent  characteristics  of  alternat- 
ing-current magnets;  at  present,  however,  its  applica- 
tion has  been  successful  in  a  considerable  variety  of 
applications,  one  of  which  is  illustrated  in  Fig.  8. 

The  alternating-current  switch  is  simple  in  con- 
struction and  thoroughly  reliable  in  operation,  its  de- 
sign being  based  on  the  success  of  the  direct-current 
switch.  In  fact  many  of  the  details  of  the  latter  are 
interchangeable  with  the  corresponding  parts  of  the 
alternating-current  switch  of  the  same  rating;  thus 
reducing  the  number  of  parts  necessary  for  stock 
where  both  switches  are  used  in  the  same  mill. 


Electric  Elevator  Control 

H.  D.  Ja.mes 

General  Engineering  Dept. 
Westinghouse  Electric  &  Mfg.  Co. 

EN  YEARS  ago  the  electric  elevator  was  used     elevator  is  today  successfully  competing  with  the  hy- 


I  for  the  most  part  on  small  installations.  The 
^  large  office  buildings  and  hotels  used  hydraulic 
power  to  operate  their  elevators.  The  hydraulic  ele- 
vator, however,  has  the  disadvantage  that  it  is  inher- 
ently a  constant  power  ma- 
chine, as  it  takes  the  same 
amount  of  water  whether 
the  car  is  operated  empty 
or  loaded ;  and.  further,  it 
is  not  feasible  to  over-bal- 
ance the  car,  as  the  hy- 
draulic elevator  is  essential- 
ly a  single-acting  machine 
and  a  part  of  the  car  weight 
must  be  left  unbalanced  in 
order  to  circulate  the  water 
when  the  car  is  descending. 

H.   D.  J.AMES  Ji^gj.^        i^        j,^g       gjj^j      jjj. 

advantage  that  every  hydraulic  installation  requires 
a  power  plant  consisting  of  pumps,  tanks,  regulating 
apparatus  and  a  considerable  amount  of  expensive 
piping.  Accordingly,  although  many  large  installa- 
tions still  use  hydraulic  elevators,  the  recent  improve- 
mcnis  in  electric  elevators  have  extended  their  useful- 
ness to  such  an  extent  that  today  they  are  direct  com- 
petitors of  the  hydraulic  elevator  on  all  large  installa- 
tions ;  in  fact,  some  of  the  highest  buildings  have  been 
equipped  with  electric  elevators  because  it  did  not 
seem  feasible  to  use  hydraulic  elevators  for  such 
heights. 

The  electric  elevator  has  less  investment  and 
maintenance  cost  than  the  h}draulic,  due  to  the  elim- 
ination of  the  power  plant,  and  is  also  more  econom- 
ical in  that  the  power  used  is  not  a  constant  quantity, 
but  is  in  proportion  to  the  load.  However,  there  still 
exists  some  difference  of  opinion  as  to  the  relative 
costs  of  the  electric  and  the  hydraulic  elevator,  for 
particular  installations;  but  the  fact  that  the  electric 


draulic  elevator  in  the  latter's  main  strongholds — the 
large  office  buildings  and  hotels — makes  it  an  impor- 
tant feature  in  the  sale  of  central  station  power,  as 
in  large  cities  the  electric  elevator  is  an  important 
factor  in  smoothing  out  the  load  curve  of  the  central 
station. 

An  important  part  of  every  installation  is  the 
controller  which  must  accelerate  and  retard  the  car 
smoothly  and  bring  it  to  rest  either  at  the  will  of  the 
operator  or  automatically  in  case  of  accident  to  the 
control  or  hoisting  mechanism. 

Every  direct-current  controller  must  have  the  fol- 
lowing parts  :— 

I — A  line  switch  to  disconnect  the  motor  from  the  elec- 
tric circuit.  This  switch  may  be  operated  every  time 
the  car  is  operated,  or  it  may  remain  closed  nor- 
mally and  be  opened  only  by  some  of  the  safety  de- 
vices or  when  the  line  voltage  fails. 

2 — A  reversing  switch  to  change  the  direction  of  rotation 
of  the  motor.  (Sometimes  several  switches  are  used 
combining  /  and  ^. ) 

3 — An  accelerating  device  for  gradually  short-circuiting 
the  starting  resistance.  Where  a  variable  speed  di- 
rect-current motor  is  used,  this  device  must  also 
gradually  weaken  the  motor  field  to  attain  the  maxi- 
mum speed  of  the  elevator  car. 

4 — .\  dynamic  brake  for  slowing  down  the  car  when  the 
elevator  is  brought  to  rest.  This  device  is  sometimes 
omitted  in  slow-speed  freight  serv'ice. 

5 — .■X  mechanical  brake  for  stopping  the  elevator  car  and 
holding  it  securely  at  the  landing. 

6 — A  top  and  bottom  limit  stop  for  bringing  the  car 
gradually  to  rest  at  either  limit  of  travel,  independ- 
entK-  of  the  operator. 

7 — A  controlling  device  in  the  car  for  operating  the  ele- 
vator. This  may  consist  of  a  master  switch  or  a  me- 
chanical device  such  as  a  rope  or  a  lever. 

8 — A  slack  cable  device  for  stopping  the  motor  in  case 

the  car  or  counter-weight  shcnild  become  obstructed 

in  its  travel,  causing  the  ropes  to  lose  their  tension. 

.This  does  not  apply  to  the  traction  type  of  elevators. 

g — An  over-speed  switch  for  disconnecting  the  motor 
from  the  line  at  the  time  that  the  car  safetv  device 
operates  to  grip  the  guide  rails.  In  some  forms  of 
machine  a  slack  cable  switch  is  depended  upon  to 
perform  this  operation. 
10— Overload  protection  to  the  motor.  This  frequently 
consists  of  fuse-s.  although  sometimes  overload  and 
no-voltage  circuit  breakers  are  used,  or  a  circuit 
breaker  relay  with  magnet  control. 
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In  addition  to  the  above,  high-speed  passenger 
elevators  must  have  the  following  control  features : — 

II — One  or  more  positive  slow-speed  notches.  It  is  neces- 
sary to  have  a  slovv'-speed  notch  to  enable  the  oper- 
ator to  stop  his  car  accurately  at  the  landings.  This 
slow  speed  is  also  necessary  to  bring  the  car  to  rest 
properly  at  either  limit  of  travel.  Where  the  speed 
of  the  car  exceeds  400  feet  per  minute,  several  slow 
speeds  are  desirable  in  order  to  obtain  efficient  oper- 
ation of  the  elevator. 

12 — An  emergency  switch  on  the  car  to  enable  the  operator 
to  stop  the  car  in  case  his  regular  controlling  device 
becomes  disarranged. 

For  high-speed  elevators,  it  is  customary  to  pro- 
vide oil-buffers  under  the  car  and  counter-weights ; 
also  a  mechanical  brake  on  the  car  by  which  the  slide 
rails  are  gripped  to  retard  the  car  in  an  emergency. 
This  brake  usually  is  an  attachment  to  the  regular 
safety  stop.  In  addition  to  the  controller  proper,  it  is 
desirable  to  provide  contacts  on  the  hatchway  doors 
or  gates  which  will  prevent  car  operation  until  the  gate 
is  closed.  Sometimes  the  car  itself  is  equipped  with 
a  gate  having  one  of  these  contacts. 


FIG.    I — EARLY   TYPE   OF   CONTROLLER   FOR   DIRECT-CURRENT 
ELEVATOR   MOTORS 

The  above  functions  of  the  electric  control  are 
accomplished  in  a  variety  of  ways,  the  devices  used 
depending  largely  upon  the  characteristics  of  the  elec- 
tric motor. 

DIRECT-CURRENT   ELEVATORS 

The  first  successful  electric  elevators  were  oper- 
ated by  compound-wound  direct-current  motors. 
These  motors  had  a  fixed  shunt  field ;  the  compound 
winding  was  cut  out  after  starting  so  that  the  motor 
operated  as  a  shunt  motor  at  full  speed.  This  design 
gave  a  good  starting  torque,  together  with  good  speed 
regulat-on  after  full  speed  was  reached.  Fig.  i  shows 
a  diagram  of  one  of  the  earlier  controllers.  The  re- 
versing drum  was  operated  first,  being  followed  im- 
mediately by  the  closing  of  the  line  switch,  which  was 
of  the  quick-break  type ;  next  the  res'stance  arm  was 
released,  moving  the  brush  over  a  series  of  contacts 
which  short-circuited  the  starting  resistance  and  after- 
wards the  series  turns  on  the  motor  field.  The  re- 
sistance arm  was  raised  by  a  series  wound  solenoil 


and  retarded  by  a  dash-pot.  This  form  of  controller 
with  various  mechanical  modifications,  is  used  suc- 
cessfully today  for  slow-speed  passenger  and  freight 
service. 

The  first  of  the  subsequent  developments  were 
improvements  in  the  method  of  cutting  out  the  starting 
resistance.  Some  controllers  used  a  shunt  coil  con- 
nected across  the  motor  terminals  and  actuated  by  the 
counter  e.m.f.  of  the  motor  for  moving  the  resistance 
arm  shown  in  Fig.  i.  This  same  arrangement  is  now 
used,  except  that  the  resistance  is  short-circuited  by 
individual  switches  actuated  by  the  counter  e.m.f.  of 
the  motor  and  the  dash-pot  is  omitted.  Other  ar- 
rangements were  developed  for  closing  these  individ- 
ual resistance  switches,  depending  upon  the  amount 
of  current  taken  by  the  motor.  The  dash-pot  method 
of  acceleration  has  one  distinct  advantage,  namely, — 
the  resistance  can  be  proportioned  to  start  the  motor 
under  light  load ;  the  accelerating  device  will  con- 
tinue to  reduce  this  resistance  until  the  car  starts 
even  under  heavy  load,  so  that  it  is  very  seldom  that 
an  elevator  having  this  method  of  acceleration  will 
fail  to  start.  This  advantage  has  caused  many  manu- 
facturers to  retain  the  use  of  the  dash-pot,  although 
there  are  some  troubles  inherent  in  this  type  of  ap- 
paratus. 

Another  improvement  has  been  in  the  line  switch 
and  reversing  switch.  The  line  switch.  Fig.  i,  has 
been  replaced  in  most  controllers  by  an  electrically- 
operated  switch.  Sometimes  several  of  these  switches 
are  used  for  reversing  the  motor,  while  in  other  cases 
a  mechanical  reverse  switch  in  combination  with  an 
electrically-operated  line  switch  is  found  to  be  cheaper 
and  just  as  satisfactory  for  slow-speed  service.  A 
number  of  other  devices  for  accelerating  the  motor 
have  been  tried,  but  are  seldom  used  at  present.  One 
such  device  was  a  rheostat  driven  by  a  pilot  motor. 
In  addition  to  the  expense  of  this  device,  it  was  too 
slow  in  returning  to  the  starting  position. 

^^'ith  the  development  of  the  shunt  motor  with  a 
two  to  one  speed  adjustment,  a  new  feature  was  in- 
troduced in  elevator  control.  This  motor  gave  two 
fixed  running  speeds  and  made  the  control  of  high- 
speed elevators  more  positive.  Trouble  was  experi- 
enced at  first  in  changing  from  maximum  to  minimum 
speed  and  vice  versa.  \Mien  the  field  was  reduced 
the  motor  had  a  tendency  to  jerk  the  car  and  take  a 
heavy  current;  when  the  field  was  strengthened,  the 
motor  acted  as  a  generator  and  reversed  the  direction 
of  current,  tending  also  to  jerk  the  car.  The  best 
method  for  controlling  the  field  of  the  shunt  motor 
is  the  so-called  "fluttering"  relay,  which  strengthens 
the  shunt  field  on  an  excess  of  current,  and  reduces 
the  field  by  inserting  resistance  when  the  current  drops 
to  the  proper  value. 

A  further  increase  in  car  speeds  made  it  neces- 
sary to  provide  a  slower  running  speed  than  could  be 
economically  obtained  by  shunt  field  control.  This 
slow  speed  is  secured  by  shunting  the  armature  w'ith 
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a  resistance  at  the  same  time  that  resistance  is  in- 
serted in  series  with  the  armature,  as  shown  diagram- 
matically  in  Fig.  2.  This  diagram  is  arranged  for  a 
complete  magnetic  controller  having  several  speeds  in 
each  direction  of  operation.  The  point  BK  is  in  ef- 
fect only  when  stopping.  In  starting,  the  master  con- 
troller is  turned  directly  from  the  off  position  to  /, 
2  and  5,  as  indicated,  the  second  point  automatically 
cutting  out  the  series  field  resistance  and  then  the 
series  field  itself.  The  field  relays  FRs  and  FRi,  are 
in  operation  only  in  the  first  and  second  positions,  the 
fluttering  relay  FR^  regulating  the  shunt  field  in  the 
third  or  high  speed  position.  A  view  of  the  controller 
is  given  in  Fig.  3. 

The  method  of  operating  the  car  at  first  consisted 
of  a  mechanical  device,  either  a  rope,  a  wheel  or  a 
lever,  connected  through  the  proper  gearing  to  the 
controller.     Devices  of  this  kind  are  still  in  use  on 


reached,  and  the  opening  of  the  door  breaks  the  con- 
trol circuit  so  the  car  cannot  be  started  until  the  door 
is  again  closed.  A  safety  button  is  provided  in  the 
car  for  stopping  the  car  at  the  will  of  the  passenger. 
Many  of  these  devices  are  in  successful  operation. 
They  first  began  to  meet  with  favor  about  15  years 
ago.  As  far  back  as  1887,  devices  of  this  kind  were 
applied  to  hydraulic  elevators,  the  valves  of  which 
were  controlled  by  electro-magnets. 

ALTERNATING-CURRENT    ELEVATORS 

About  1897,  the  alternating-current  motor  com- 
menced to  be  a  factor  in  the  operation  of  elevators. 
These  motors  are  of  two  types — the  squirrel-cage  and 
the  slip-ring.  The  squirrel-cage  motor  is  started  and 
controlled  merely  by  closing  the  primarj'  switch,  no 
external  resistance  being  used.  In  small  sizes,  this 
motor  presented  no  difficulties,  but  in  sizes  over  five 
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FIG.    2 — DIAGR.\M    OF    OPERATION    FOR    A    MODERN     HIGH     SPEED     ELEV.'^TOR     MOTOR 

Master  switch  motion  may  be  reversed  by  interchanging  leads  /  and  -',  $1  and  J^.  If  door  switches 
are  used,  they  are  to  be  connected  in  the  X  wire  between  the  bottom  and  top  hatchway  limit  switches 
and  not  in  the  02  wire. 


freight  and  slow-speed  passenger  elevators.  The  mod- 
ern elevator,  particularly  for  high  speeds,  is  provided 
with  a  master  switch  in  the  car,  so  arranged  that  it  is 
returned  to  the  central  or  off  position  if  the  operator 
releases  the  handle.  In  addition,  a  safety  switch  is 
usually  provided  to  stop  the  car  in  case  of  accident  to 
the  master  switch. 

In  private  residences,  hospitals  and  other  places 
where  the  elevator  is  not  used  enough  to  warrant  the 
expense  of  a  regular  operator,  the  push  button  system 
of  control  is  used.  This  is  an  elaborated  form  of  mas- 
ter switch.  Each  landing  is  provided  with  a  push  but- 
ton to  bring  the  car  to  that  landing,  and  a  set  of  push 
buttons  is  located  in  the  car  for  dispatching  it  to  a  pre- 
determined landing.  These  push  buttons  operate  a 
selecting  circuit  which  is  opened  by  mechanical  means 
when  the  car  reaches  that  particular  landing.  A  cam 
on  the  car  unlocks    the    door    when    the    landing    is 


horse-power  the  early  motors  took  so  much  current 
at  starting  that  they  caused  serious  disturbance  to  the 
power  supply.  At  that  time,  very  few  central  stations 
had  sufficient  line  capacity  for  starting  these  large 
size  motors.  The  slip-ring  motors  were  more  com- 
mon in  the  larger  sizes.  They  had  external  resistance 
in  the  secondary  circuit.  This  resistance  was  short- 
circuited  during  acceleration  by  means  of  a  mechan- 
ical switch  controlled  by  a  dash-pot.  They  were  fairly 
successful  for  car  speeds  of  150  to  200  feet,  but  could 
not  be  used  at  higher  speeds.  They  also  gave  trouble 
due  to  the  large  amount  of  stored  energy  in  their  ro- 
tating elements.  As  the  problem  of  induction  motors 
for  elevators  became  better  understood  by  motor  de- 
signers, a  better  type  of  induction  motor  was  devel- 
oped for  elevator  service.  This  motor  had  a  long  ro- 
tating element  of  small  diameter,  giving  a  minimum 
stored  energj'  and  having  an  electric  design  well  adap- 
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ted  for  heavy  starting  torque.  The  squirrel-cage  motor 
of  this  type,  illustrated  in  Fig.  4,  is  designed  to  de- 
velop its  maximum  torque  at  starting,  and  takes  a 
comparatively  small  current  when  it  is  first  started.  It 
is  generally  used   in   preference  to  the  slip-ring  type 


FIG.    3 — DIRECTrCURRIiNT    ELEVATOR    CU.NTROLLER 

The  master  switch  for  mounting  inside  the  car  is  shown 
at  the  left  in  the  foreground.  This  is  the  controller  shown 
diagrammatically  in  Fig.  2. 

up  to  the  20  horse-power  size,  although  a  number  of 
slip-ring  motors  are  used  in  small  sizes  where  the 
power  supply  is  limited.  Larger  motors  of  the  same 
general  design  arranged  with  slip  rings  for  external 
resistance  at  starting  are  also  used.  The  control  of 
these  motors  is  usually  mechanically  operated,  the  ac- 


switches  quiet,  the  alternating-current  in  the  magnet 
winding  causing  the  switches  to  hum  or  rattle  which, 
in  some  cases,  is  objectionable. 

The  latest  development  in  alternating-current  ele- 
vator practice  is  a  two-speed  motor,  the  slow  speed 
being  one-third  of  the  full  speed.  Such  a  motor  is 
adapted  for  high-speed  elevator  work  as  the  slow 
speed  of  the  motor  will  enable  the  operator  to  control 
the  car  easily  when  making  landings.  It  also  permits 
a  satisfactory  top  and  bottom  limit  stop  being  used. 
The  car  is  made  to  approach  either  limit  of  travel  on 
the  slow  speed,  so  that  the  mechanical  brake  can  eas- 
ily stop  the  car  when  the  limit  of  travel  is  reached. 
The  control  for  this  motor  consists  of  a  reversing 
switch,  a  pole-changing  switch  and  an  accelerating  de- 
vice for  short-circuiting  the  secondary  winding  used 
in  connection  with  the  high-speed  combination.     The 


FIG.    4 — MODERN    WESTINGHOUSE    ALTERN.\TING-CURRENT 
ELEV.^TOR    MOTOR 

celeration  being  controlled  by  a  dash-pot.  Fig.  5  il- 
lustrates a  typical  control  of  this  type.  Recently,  mag- 
net switches  with  current-limit  acceleration  have  been 
used  for  such  motors.  The  great  difficulty  experi- 
enced   with    this    form    of    controller  is  to  keep  the 


FIG.    5 — A.    SEMI-.\UT0M.\TIC    ALTERN.\TIXG-CURRENT 
ELEVATOR   CONTROLLER 

low-speed  combination  has  a  squirrel-cage  rotor.  This 
device  is  a  very  recent  development,  but  elevator  en- 
gineers expect  great  things  from  it  in  the  future. 

The  art  of  controlling  electric  motors  in  general 
owes  a  great  deal  to  the  elevator  engineer.  It  was  in 
connection  with  electric  elevators  that  the  first  con- 
troller developments  were  made  for  the  constant  speed 
motor  while  the  railway  field  developed  the  series 
motor  and  its  control.  When  the  attention  of  elec- 
trical engineers  was  called  to  the  development  of  the 
electric  motor  for  industrial  purposes  some  15  years 
ago,  they  turned  to  the  elevator  and  railway  field  for 
their  information  and,  because  the  problem  had  been 
solved  so  well  by  these  engineers,  it  was  not  found 
difficult  to  apply  electric  motors  to  many  other  in- 
dustrial requirements.  Since  then,  the  developments 
along  many  lines  have  gone  hand  in  hand,  so  that  the 
present  electric  elevator  controller  has  been  vastly  im- 
proved in  detail  and  reduced  in  cost. 


Magnetic  Controllers  for  Crane   Motors 
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KAXLS,  more  than  any  other  class  of  machines, 
are  responsible  for  the  increasing  application 
of  magnetic  control  to  electric  motors.  This  is 
clue  in  part  to  the  failure  of  manually  operated  con- 
trollers   satisfactorily   to   handle   motors    of   over    25 

horse-power  in  severe  serv- 
ice, and  in  part,  perhaps 
mostly,  to  the  increased 
safetj'  and  lower  mainte- 
nance cost  for  magnetic 
controllers  in  severe  service 
with  large  motors.  Although 
'  .  more  apparatus  is   required 

;- .    ,  '  ^^^^^       for    the    magnetic  controll- 

j^^^^k  .^^^^^^^^k   ers  for    the    manually 

^^^^^Lb^^^^^^M   operated  types,  the  elements 
■^I^HflHIIJIJ^H   that  the      com- 

plete controller  are  relative- 
ly few  so  that  the  number 
of  different  parts  that  have  to  be  mastered  is  not  ex- 
cessive. The  wiring  is  much  simpler  to  understand 
when  the  idea  of  treating  each  magnetic  device  as  a 
simple  switch,  with  magnets  to  operate  it,  is  once 
fixed  in  mind. 

Magnetic  controllers  practically  eliminate  the  possi- 
bility of  abusing  a  crane.  The  rate  of  acceleration, 
the  value  of  dynamic  braking  and  the  value  of  re- 
versed torque  in  "plugging"  are  all  controlled  by 
automatic  devices  that  may  be  set  at  any  desired 
point,  not  by  the  operator,  but  by  an  authorized  at- 
tendant whose  interest  lies  in  continuous  operation. 
Also  the  limits  of  travel  are  easily  arranged  so  that  it 
is  impossible  for  the  operator  to  overtravel  any  of  the 
motions  under  his  control. 

Probably  the  one  application  that  marks  the  great- 
est advance  in  this  line  is  that  of  the  controller  for  ladle 
cranes  in  steel  mills.  These  cranes  often  consist  of 
three  separate  trolleys  and  hoists  on  one  bridge  and 
liandle  burdens  of  molten  steel  as  large  as  100  tons. 
This  100-ton  burden  has  a  most  innocent  and  harm- 
less appearance  when  resting  quietly  in  a  suspended 
ladle,  but  if  for  any  reason  the  hoisting  apparatus 
should  fail,  either  from  a  broken  cable  (which  seldom 
if  ever  happens  now>  or  from  a  slipping  brake  or  de- 
fective controller,  the  steel  is  spilled,  resulting  not 
only  in  the  loss  of  steel  and  apparatus  but  usually  in 
the  serious  injury  of  any  men  who  happen  to  be  near. 
It  will  readily  be  understood  that  nothing  but  the  very 
best  apparatus  is  permitted  to  be  installed  on  such 
cranes. 

The  hoist  motion  on  ladle  and  hot-metal  cranes 
of  large  size  is  usually  operated  by  two  motors — con- 
nected  permanently   in    multiple.    Some    applications 


have  been  made  with  series-multiple  connections,  but 
in  every  case  that  has  come  under  the  writer's  ob- 
servation the  range  of  speed  that  is  available  with 
the  multiple  connection  is  entirely  adequate  for  all 
needs.  In  extreme  cases  extra  slow  speeds  may  be 
obtained  by  additional  shunts  around  the  armature. 
It  is  good  practice  when  two  motors  are  connected  in 
multiple  and  geared  to  the  same  machine  to  apply  a 
complete  controller  for  each  motor.  With  this  ar- 
rangement no  trouble  is  experienced  with  unbalanc- 
ing of  the  load  between  the  motors,  and  one  motor 
may  easily  be  cut  out  of  circuit  in  case  of  emergency 
without  in  any  way  affecting  the  operation  of  the 
other. 

The  range  of  speed  that  is  possible  on  a  series 
motor  may  be  from  five  percent  of  normal  full-load 
speed  at  full-load  torque  to  25  percent  over  full-load 
speed  at  full-load  torque.  This  range  can  be  accom- 
plished by  shunting  the  armature  with  resistance  for 
the  slow  speeds  and  shunting  the  field  with  resistance 
for  the  high  speeds.  This  of  course  is  in  the  hoisting 
direction  only.  In  the  lowering  direction  it  is  neces- 
sary to  change  the  series  motor  to  a  shunt  motor  so 
that  it  will  not  overspeed  on  an  overrtuniing  load. 
This  is  done  by  connecting  the  series  field  across  the 
line  in  series  with  a  resistance  and  controlling  both  the 
field  and  the  armature  in  the  way  common  to  shunt 
motors.  The  brake  magnets  should  be  in  series  with 
the  field  so  that  should  the  field  fail  the  brakes  will 
set,  and  also  to  prevent  the  brakes  from  setting  when 
the  armature  current  passes  through  zero. 

Magnetic  controllers  arranged  to  give  connections 
as  described  above  are  also  easily  arranged  to  give 
dynamic  braking  connections  in  the  off  position  of  the 
controller  and  upon  failure  of  voltage  or  occurrence 
of  overload.  The  accompanying  illustrations  give  an 
excellent  idea  as  to  the  degree  of  simplicity  to  which 
these  devices  have  been  reduced.  Overspeed  and 
overtravel  limits  are  easily  provided  which  work  in 
conjunction  with  the  magnetic  control  so  that  the 
motors  will  be  stopped  in  case  of  excessive  speed  or 
excessive  travel. 

The  controllers  for  the  motors  on  the  bridge  mo- 
tion of  ladle  cranes  must  be  arranged  so  that  small 
increments  of  motion  are  readily  attainable  and  they 
must  also  be  arranged  so  that  the  highest  speed 
of  the  motors  may  be  obtained  for  long  runs.  Usual- 
ly two  motors  are  used  in  operating  the  bridge  motion 
and  it  is  ordinarily  assumed  that  series-parallel  opera- 
tion of  these  motors  will  result  in  maximum  efticiency. 
As  a  matter  of  fact,  the  writer  has  obser\-ed  that  the 
series  connection  in  this  application  is  entirely  un- 
necessarv,  and  in  cases  where  controllers  were  sup- 
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plied  to  give  either  series  or  parallel  operation  on  the 
motors  that  the  series  position  is  not  used  by  the 
operator.  Cranemen  performing  the  same  duty  with 
the  same  machine  day  after  day  become  expert  in 
handling  these  machines  and  the  common  method  used 
by  cranemen  in  spotting  the  ladle  over  the  ingot  molds 
is  to  place  the  controller  on  a  high  speed  position, 
starting  the  bridge  up  rapidly;  the  ladle  suspended  30 


FIG.   I — A   1 00-TON  LADLE  CRANE  AT  THE  PLANT  OF  THE 
BRIAR   HILL   STEEL  COMPANY 

Showing  main  and  auxiliary  cabs.    M'  .ors  are  controlled 
from  either  cab. 

or  40  feet  below  the  trolley  acts  as  a  huge  pendulum 
and  does  not  follow  the  motion  of  the  bridge  instant- 
ly. The  operator  stops  the  bridge  a  trifle  short  of  the 
distance  to  the  next  mold  and  allows  the  ladle  to 
swing  over  the  mold.  At  the  instant  the  ladle  is  over 
the  mold  the  bridge  is  again  started  in  the  direction 
the  ladle  is  swinging  and  stopped  again  just  as 
the  ladle  comes  to  rest  over  the  mold.     Although  this 


FIG.   2 — DRUM-TYPE    MASTER   CONTROLLER    USED    IX    CRANE    SERVICE 

The  arc  shield  is  hinged  to  swing  clear  for  inspection. 

operation  sounds  difficult  when  described,  it  is  easily 
understood  when  witnessed.  In  cases  where  extreme 
speeds  for  long  runs  are  required,  it  is  quite  possible 
to  shunt  the  series  fields  of  the  operating  motors  in 
order  to  get  higher  running  speeds.  This  probably 
is  more  desirable  than  resorting  to  series-parallel  con- 
trol. 

The  trolley  motion  of  these  large  cranes  may  be 


dealt  with  in  exactly  the  same  manner  as  the  bridge 
motion  excepting,  of  course,  that  the  motors  are  much 
smaller  and  there  is  no  reason  for  extreme  ranges  of 
speed.     It  is  well  understood  by  those  who  have  had 


FIG.  3 — CONTROLLER  FOR  A  75   HORSE-POWER  BRIDGE  MOTION   MOTOR 

Equipped  with  double  overload  prot  ction,  no-voltage 
protection  and  current  limit  acceleration.  This  control  fur- 
nishes four.speeds  forward  and  four  reverse. 

experience,   that  motors  operating  traction   machines 
must  necessarily  be  handled  differently  from  motors 


FIG.    4 — HOIST    MOTION    CONTROLLER  FOR    75    HORSE-POWER    MOTOR 

This  co.nroller  gives  five  different  speeds,  both  hoisting 
and  lowering,  and  is  provided  with  double  overload  protec- 
tion and  no  voltage  protection.  Acceleration  is  by  current 
limit  for  both  hoisting  and  lowering. 

that  are  operating  other  types  of  machines  where  the 
torque  required  to  start  the  load  is  •  approximately 
constant.  With  traction  machines,  especially  when 
"plugging"  control  is  used,  it  is  necessary  to  provide 
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more  accelerating  points  than  witii  other  types  of 
machines,  in  order  to  l<eep  the  motor  current  well 
within  the  limits  of  the  tractive  effect  at  the  wheels. 
It  must  be  remembered  that  with  "plugging"  control- 
lers on  bridge  motions,  excessive  current  to  the  motor 
at  the  instant  of  "plugging"  will  skid  the  wheels  and 
if  this  occurs  near  the  limits  of  travel  a  wreck  is  liable 


After  an  overload  or  failure  of  line  voltage,  it  is 
necessary  for  the  operator  to  press  a  push  button 
which  resets  the  magnetic  switch  before  the  motors 
operating  through  the  protective  panel  can  be  started. 
.•\lthough  reference  is  made  more  particularly  to 
ladle  cranes,  the  same  rules  apply  in  varying  degree 
to  other  application-.     It  happc  he  ladle  crane 


FIG.    5 — REAR   VIEW    OF   THE    CONTROLLER    SHOWN    IN    FIG.    4 

Showing  simplicity  of  wiring  layout  and  connections. 

to  occur.  The  current  must,  therefore,  be  positively 
limited  on  the  first  point,  so  that  when  throwing  from 
full  speed  in  one  direction  to  full  speed  in  the  re- 
verse direction  the  motor  torque  will  not  exceed  the 
tractive  effect  at  the  wheels. 

None  of  the  motors  on  a  ladle  crane  is  larger  than 
25  horse-power  and  some  of  them  do  not  get  the  se- 
vere service  that  the  main  hoist  and  main  bridge  mo- 
tors receive.  Therefore,  a  combination  of  manua 
control  and  magnetic  control  is  often  used  on  a  single 
crane.     In  order  to  provide  overload  and  no-voltage 


FIG.    7 — CK.\NE    PROTECTIVE    I'.JvNEL 

This  panel  covers  two  motors.     The  knife  switch  is  pro- 
vided with  a  safety  lock  such  as  shown  in  Fig.  8. 

presents  the  most  exacting  requirements  and  there- 
fore is  used  as  an  example. 

The  question  of  whether  or  not  magnetic  control 
should  be  used  on  any  given  installation  should  be 
determined  not  by  the  size  of  the  motor  alone,  but 
by  the  nature  of  the  service  to  which  the  outfit  is  to 

1  Scheme  of  Main  Connections 
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FIG.    6 — S.-\FETV    LOCK    USED    WITII    K.NU-i:    SWITCHES 

After  the  key  is   removed  padlocks  may  be  inserted  in 
the  holes. 

protection  for  the  manually  operated  controllers  on 
the  crane,  a  "crane  protective  panel"  is  used.  Upon 
this  panel  is  mounted  a  knife  switch  through  which  all 
of  the  manually  operated  controllers  are  supplied;  one 
or  two  magnetic  switches  in  series  with  this  knife 
switch  and  arranged  with  no-voltage  protection;  one 
overload  relay  in  the  coinmon  line;  and  one  overload 
relay  in  one  side  of  each  motor  circuit.  These  over- 
load relays  open  the  magnetic  switches  in  case  of  an 
overload  on  any  one  motor  or  in  case  of  accumula- 
tive  load   which   exceeds   the   capacity   of   the   outfit. 


FIG.    8 — DI.AGR.\>I    SHuWI.m;    CO.NNECTIONS    .\XD    SEQUENCE    OF 
OPER.\TIONS  OF   A   CRANE-HOIST   CONTROLLER 

be  subjected.  If  the  service  is  severe,  that  is,  if  the 
crane  is  in  constant  use  there  is  no  doubt  but  that 
magnetic  control  will  soon  pay  for  itself  in  time 
saving  and  repairs.  On  the  other  hand,  if  the  service 
is  very  infrequent,  there  is  no  reason  why  manually- 
operated  controllers  cannot  be  used  successfully  on 
motors  up  to  and  including  25  horse-power. 


Liquid  Rheostats 

FOR  CONTROLLING  WOUND-SECONDARY  INDUCTION  MOTORS 

W.  E.  Thau 

General  Engineering  Department, 
Westinghouse  Electric  &  Mfg.  Company 


TIIF.RE  are  in  use  at  the  present  time  two  prin- 
cipal ty|)es  of  liquid  rheostats  for  controlling 
wound-secondary  induction  motors ;  one  is  de- 
signed for  severe  service  and  is  reversing,  the  other  is 
designed  for  light  and  infrequent  starting  duty  only 

and  is  non-reversing.  In 
the  former  type  the  electro- 
lyte is  pumped  into  a  cham- 
ber containing  stationary 
electrodes,  while  in  the  lat- 
ter the  electrodes  are  re- 
volved into  a  chamber  con- 
taining the  electrolyte.  The 
former  type  is  designated 
herein  as  the  heavy  duty 
type  and  the  latter  as  the 
light  duty  type.  The  heavy 
duty  type  is  applied  princip- 
ally in  mine  hoisting,  haul- 
ages, dredges,  etc.,  where  the  service  is  severe  and  the 
starting  frequent.  The  light  duty  type  is  applied  on 
motors  driving  fans,  centrifugal  pumps,  etc.,  where  the 
service  is  not  so  severe  and  the  starting  is  infrequent. 
This  type  may  be  arranged  for  automatic  remote  con- 
trol, or  may  be  hand  operated. 

HEAVY  DUTY   TYPE 

A  schematic  sketch  of  the  heavy  duty  type  is 
shown  in  Fig.  i.  The  case  is  built  of  rolled  steel  plate 
and  arranged  into  upper  and  lower  compartments. 
The  electrolyte,  consisting  of  ordinary  sodium  carbon- 
ate solution,  is  pumped  from  the  lower  compartment, 
which  serves  as  a  reservoir,  into  the  upper  compart- 
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FIG.    I — SCHEMATIC   DIAGRAM    OF    HEAVY    DUTY   TYPE 
LIQUID   CONTROLLER 

R — reservoir;  ET — electrode  tank;  E — electrodes;  If — 
weir;  CC — cooling  coils  ;  O — point  of  attachment  of  rod  from 
operating  lever  ;  P — pump  ;  V — regulating  valve  ;  MS — mas- 
ter switch;  OCB — oil  circuit  breaker;  T — transfo'mer;  I  and 
3 — reversing  switches. 

ment,  containing  the  electrodes,  by  means  of  a  motor- 
driven  centrifugal  pump.  Cooling  coils,  through 
which  cooling  water  is  passed,  are  provided  in  the 
lower  compartment.  A  movable  weir,  actuated  by 
means  of  a  system  of  levers,  regulates  the  level  of  the 


electrolyte  in  the  upper  compartment.  Both  ends  of 
this  weir  are  open  and  when  lowered  the  electrolyte 
rapidly  flows  through  into  the  lower  compartment.  The 
liquid  pressure  is  equal  on  all  sides  and  there  is,  there- 
fore, practically  no  side  friction  to  hinder  the  move- 
ment. To  compensate  for  the  weight  of  the  weir  and 
its  supporting  levers,  a  counterweight  is  provided.  A 
master  switch,  which  controls  the  primary  reversing 
switches,  is  operated  through  gearing  by  the  lower 
lever.  The  lever  system  of  the  rheostat  is  operated 
by  means  of  a  rod  connected  to  the  operating  lever  and 
controlled  by  the  operator.  A  valve  mounted  in  the 
electrolyte  discharge  pipe  provides  a  means  of  regu- 
lating the  rate  of  flow  of  the  electrolyte  into  the  upper 
chamber. 

The  electrodes  are    made    of    corrosion-resisting 
iron  plates,  supported  by  heav}'  steel  rods,  which  are 


•i 


FIG.   2 — LIQUID   RHE0ST.\T   FOR   KEAVY   DUTY 

secured  at  the  ends  of  bakelite-micarta  insulators.  The 
plates  of  like  phase  are  spaced  by  means  of  steel  rods 
and  held  by  lock  nuts.  The  heavy  duty  type  of  liquid 
rheostat  is  shown  in  Fig.  2. 

OPERATION 

The  operating  lever  controls  both  the  master 
switch  and  the  weir.  When  the  lever  is  in  the  central 
or  "off"  position,  the  electrically-operated  primary  di- 
rectional switches  are  open  and  the  weir  is  at  its  low- 
est level,  so  that  the  secondarj-  resistance  is  a  maxi- 
mum. Moving  the  lever  in  the  "forward"  direction 
closes  the  proper  primarj-  switch  and  raises  the  weir. 
The  lever  may  be  moved  immediately  to  the  "full-on" 
position,  in  which  case  the  electrolyte  will  rise  at  a 
rate  determined  by  the  setting  of  the  regulating  valve. 
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The  reverse  direction  of  operation  is  effected  in 
a  similar  manner,  the  leads  being  reversed  hy  magnet- 
operated  switches. 

The  regulating  valve  in  the  discharge  pipe  regu- 
lates the  flow  of  the  electrolyte  into  the  upper  cham- 
ber, so  that  no  matter  how  quickly  the  lever  is  moved 
to  the  "full-on"  position,  the  electrolyte  can  rise  only 
at  the  rate  for  which  the  valve  is  adjusted,  thus  fixing 
the  rate  of  acceleration  of  the  motor  and  relieving  the 
operator  of  the  responsibility.  The  rheostat  can  be 
designed  to  fill  in  from  five  to  twenty  seconds  and 
empty  in  two  seconds  without  splashing.  When  the 
lever  is  returned  to  the  "off"  position  the  primary 
switch  opens  and  the  weir  drops,  allowing  the  electro- 
lyte level  to  promptly  fall. 

The  pump  for  the  electrolyte  operates  continu- 
ously so  that  cooled  liquid  is  continually  passing  into 
the  upper  chamber.  The  rheostat  has  large  capacity 
so  that  there  is  no  danger  of  the  liquid  boiling  and 
thereby  wasting  away  rapidly  by  evaporation.  Ample 
cooling  coils  provide  a  means  of  disposing  quickly  and 


Any  type  of  control  using  metallic  resistors  pro- 
duces a  more  or  less  peaked  input  curve  and  conse- 
quent sudden  increases  in  the  speed,  due  to  the  cutting 

out  of  comparatively  larcrc  s;roup';  nf  re-istance  at  one 
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Fin.  3 — CURVE  SHOWING  THE  RELATION  BETWEEN  THE  HEIGHT  OF 
THE  ELECTROLYTE  .\ND  THE  RESIST.\NCE  IN  A  LIQUID  RHEOSTAT 
WITH   A  THREE   PERCENT  SODIUM   C.\RBONATE   SOLUTION 

positively  of  the  energy  dissipated  in  the  liquid  resist- 
ance as  heat. 

ADV..\NT.\GES  AND   SALIENT   F iCATUKES 

The  advantages  of  the  liquid  rheostat  over  the 
magnetic  type  of  controller  and  any  other  type  using 
metallic  resistance  are, — smooth  acceleration,  low 
maintenance,  simplicity  of  repairs  and  simplicity  of 
operation. 

The  electrode  plates  are  cut  at  an  angle  at  the 
bottom  and  are  of  different  lengths  so  that,  as  the 
li(|uid  rises,  the  change  in  resistance  takes  place  grad- 
ually. The  lower  ends  of  the  longest  plates  are  always 
submerged  in  the  electrolyte  and  are  so  shaped  that 
a  high  resistance  exists  between  the  phases,  thus  in- 
suring a  high  starting  torque.  As  the  liquid  rises  the 
value  of  the  resistance  decreases  gradually  and  ap- 
proaches zero  when  the  liquid  has  attained  its  maxi- 
mum height.  A  resistance  curve  taken  from  an  actual 
test  on  one  of  the  smaller  rheostats  is  shown  in  Fig. 
3.  In  the  larger  sizes  an  extra  switch  is  sometimes 
supplied  for  entirely  short-circuiting  the  rheostat  after 
the  motor  has  reached  full  speed.  However,  this 
switch  is  ordinarily  unnecessary.  The  ohmic  resist- 
ance of  the  solution  can  be  varied  by  changing  the 
percentage  of  salt  dissolved. 


FIG.    4 — LIGHT   DUTY   TYPE   OF    LIQUID   RHEOSTAT 

time.  The  magnitude  of  these  peaks  and  the  severity 
of  the  speed  changes  depend  upon  the  number  of  the 
starting  steps.  In  hoisting  and  haulage  service  where 
loads  having  large  inertia  are  started  through  the  me- 
dium of  ropes,  these  sudden  starting  peaks  produce 
objectionable  strains  in  the  ropes.  The  smooth  accel- 
erating curve  of  the  liquid  rheostat,  being  the  equiv- 
alent of  an  infinite  number  of  switches,  overcomes 
this  objectionable  feature  of  the  metallic  resistor. 

The  parts  of  the  liquid  rheostat  are  simple  in  con- 
struction, substantially  proportioned  and  conveniently 
arranged.  Due  to  the  small  number  of  parts,  there  is 
little  to  get  out  of  order  and,  when  repairs  are  needed, 
they  can  be  made  by  an  ordinary  mechanic,  and  the 
maintenance  is  therefore  low.  There  are  no  arcing  tips 
to  be  renewed  and  no  metallic  resistances  to  be  burnt 
out  by  careless  handling.  The  only  parts  which  need 
renewing  are  the  electrolyte  and  the  electrodes.    The 


FIG.    S— OPEN    VIEW    '  UOWN    IN    FIG.    4 

former  can  readily  be  mixed  and  added  as  needed.  The 
evaporation  of  the  electrolyte  under  severe  conditions 
seldom  exceeds  a  gallon  a  day  in  the  medium  sizes. 
The  plates,  due  to  electrolytic  action,  require  renew- 
ing about  once  a  year.    They  are  mounted  in  complete 
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units  so  that  replacing  is  a  ver)-  simple  matter.  In  ad- 
dition to  these  advantages,  the  principle  of  operation 
is  so  simple  that  an  inexperienced  operator  can  readily 
obtain  good  results. 

It  is  often  necessary  to  operate  a  hoist  at  slow 
speed  in  order  to  inspect  the  shaft  and  rope,  and  in 
this  respect  the  liquid  rheostat  is  well  adapted  owing 
to  its  large  cooling  capacity  which  is  required  to  dis- 
sipate the  heat  caused  by  continuous  running  at  re- 
duced speeds.  In  this  connection,  it  is  well  to  note 
that,  due  to  the  inherent  speed-torque  characteristic  of 
the  induction  motor,  it  is  necessary  to  have  the  cage 
loaded  in  order  to  maintain  the  slow  speed,  since  at 
light  loads  the  induction  motor  approaches  synchron- 
ous speed  regardless  of  the  secondar\-  resistance. 

LIGHT  DUTY  TYPE 

In  this  type  of  liquid  rheostat  the  electrolyte  is 
contained  in  a  tank  built  of  rolled  steel  plates.  Corro- 
sion-resisting iron-plate  electrodes  are  mounted  on  a 
shaft,  which  is  either  motor  or  hand-operated  through 
a  set  of  gears,  and  revolve  into  the  electrolyte.  Due 
to  the  light  service  and  infrequent  starting,  it  is  not 
necessary  to  provide  cooling  coils.    Views  of  a  motor- 


operated  light  duty  liquid  rheostat  are  shown  in  Figs. 
4  and  5. 

When  a  liquid  rheostat  is  motor-operated,  the  op- 
erating motor  is  usually  controlled  from  a  remote 
point,  in  which  case  a  controlling  relay  switch  is  ar- 
ranged so  as  to  start  the  motor  upon  the  return  of 
voltage.  The  auxiliarj'  control  circuit  is  so  arranged 
that  after  the  voltage  has  been  interrupted  the  plates 
must  be  revolved  to  the  "off"  position  before  the  main 
motor  primary  switch  can  be  closed.  This  provision, 
which  is  automatic,  prevents  the  connecting  of  the 
main  motor  directly  to  the  line  with  the  plates  fully 
submerged.  The  automatically-operated  type  is  partic- 
ularly applicable  in  the  case  of  motors  driving  fans 
in  mines,  where  it  is  desired  to  have  the  fan  operate 
continuously  and  the  starting  automatic.  The  plates  of 
this  type  also  are  so  shaped  so  as  to  produce  a  smooth 
accelerating  curve.  The  advantages  offered  are  simi- 
lar to  those  mentioned  for  the  heavy  duty  type,  except 
that  is  is  not  suitable  for  continuous  running  at  re- 
duced speeds,  except  for  short  intervals. 

A  very  important  advantage  of  the  liquid  starter 
in  gaseous  locations  is  the  absence  of  sparking  contacts 
in  the  secondan,^  circuit,  so  that  only  the  primary 
switch  need  be  enclosed  in  flame  proof  casing. 


Control  for  Electrically-Driven  Rubber 

Calenders 


T.  E.  Simpers 

Industrial  and  Power  Dept., 
Westinghouse  Electric  &  Mfg.  Company 

THE  rubber  calender  consists  of  three  or  more 
steel  rolls,  usually  three,  connected  by  gears 
so  that  they  may  run  at  the  same  or  different 
speeds.  These  rolls  are  held  between  upright  hous- 
ings and  the  compounded   rubber  is   forced  between 


them.  Rubber  calenders  are 
used  for  three  general 
classes  of  work ;  namely, 
calendering  or  sheeting — 
which  consists  of  producing 
sheets  of  rubber  of  the 
desired  width  and  thickness 
for  some  further  opera- 
tion ;  skim  coating,  consist- 
ing of  coating  a  fabric  with 
a  layer  of  rubber;  and  fric- 
tioning,  which  is  the  manu- 
facture of  friction  cloth, 
produced  by  forcing  rubber 
into  the  fabric.  For  each  of  these  operations  the 
speed  ranges  are  different,  as  are  also  the  power  re- 
quirements. To  secure  maximum  production  from 
each  calender,  it  is  necessary  to  operate  it  at  the  maxi- 
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mum  possible  speed  for  the  particular  operation,  and 
this  will  vary  according  to  the  thickness  of  the  ma- 
terial and  the  kind  of  work,  and  is  limited  by  the  heat- 
ing of  the  calender  rolls  and  the  tearing  of  the  ma- 
terial. Therefore,  the  apparatus  driving  the  calender 
must  be  capable  of  being  varied  in  speed  and  it  must 
also  have  good  speed  regulation  to  avoid  producing 
material  of  uneven  thickness  or  tearing  of  material. 
In  practice,  it  is  found  that  a  speed  range  of  four  to 
one  is  sufficient  for  all  classes  of  work  and,  in  plants 
where  the  variety  of  product  is  limited,  a  much 
smaller  range  of  speed  is  sufficient. 

Tests  on  calenders  have  shown  that  their  power 
requirements  are  practically  on  a  constant  torque 
basis ;  i.  e.,  the  horse-power  requirements  are  nearly 
proportional  to  the  speed.  The  curve  of  Fig.  i  shows 
the  test  results  obtained  from  a  three-roll  18  by  36 
inch  calender  doing  calendering  work.  From  this 
curve  can  be  noted  the  constant  torque  characteris- 
tics of  the  work. 

There  are  a  number  of  systems  in  use  for  elec- 
trically driving  calenders  and  in  general  the  require- 
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ments  of  the  coiitrol  of  each  system  may  be  given  as 

follows : — 

I — Overload  and  no-voltage  protection. 

2 — Simple  and   convenient   means   of   starting  and   stop 

ping. 
3 — Convenient  method  of  securing  speed  variation  where 

used. 
4 — Quick  and  positive  stopping  of  the  calender  when  shut 

down. 
S — Provision  for  reversing  in  emergency. 

The  last  two   features  are  added  to  provide  all 

possible  safety  for  workmen.     In  spite  of  guards  the 
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FIG.   I — LOAD  CURVE  OF  A  50   HORSF.-POWER  DIRECT-CURRENT  MOTOR 

Driving  a  three-high.  i8  by  36-inch  roll  rubber  calender 
with  a  12  by  36-inch  banking  roll.  Motor  speed  200  to  I  000 
r.p.m. ;  on  controller  points  I  to  11,  the  motor  armature  is 
on  no  volts;  on  points  13  to  27,  on  220  volts. 

limbs  or  clothing  of  workmen  sonietiine  become  caught 
between  the  rolls  and  immediate  stopping  'may  pre- 
vent serious  injury\  Three  to  five  operators  are  re- 
quired for  each  calender  and,  to  provide  them  with 
all    possible   protection,    several    push-button    stations 


FIG.    2 — CONTROLLER    DIAGRAM    FOR    A    THREE-PHASE,    FOUR-SPEED, 
SQUIRREL-CAGE  INDUCTION   MOTOR   IN  RUBBER  CALENDER  SERVICE^ 

Z-i — L. — L3  is  a  three-phase,  46  cycle,  340  volt  line  and 
L, — L-, — Le  a  three-phase,  60  cycle  440  volt  line.  A'-B'-C  is 
the  16  pole  connection  of  the  motor  windings  and  A-B-C  the 
8  pole. 

are  installed.  Then,  in  case  a  workman  is  in  danger, 
the  calender  may  be  stopped  instantly  by  any  of  the 
operators  at  any  station. 

SQUIRREL    CAGE    MOTOR    DRIVE 

The  simplest  method  of  operating  a  rubber  calen- 


der is  by  the  ordinary  squirrel-cage  motor  operating 
on  an  alternating-current  circuit,  in  which  case  there 
is  only  one  speed  at  which  the  calender  may  be  driven 
and  the  production  is  accordingly  limited.  The 
threading-in  speed  or  slow  speed  at  which  the  stock 
is  started  in  the  calender  is  obtained  by  allowing  the 
friction  clutch  between  the  calender  and  the  motor 
driving  it  to  slip  until  the  stock  is  started.  The  clutch 
is  then  gradually  thrown  in  until  the  calender  has  ob- 
tained its  full  speed.  The  starting  of  the  motor  is 
accomplished  by  hand  with  the  standard  auto-starter 
or  compensator,  or  by  push  button  with  a  magnetic 
type  starter.  Overload  and  no-voltage  protection  are 
obtained  by  relays  with  either  type  of  control,  and 
push  button  stations,  opening  the  no-voltage  release 
circuit,  furnish  a  convenient  means  for  stopping.  Four 
of  these  buttons,  located  one  on  each  side  of  each  leg 
of  the  calender,   should  be  provided.     A  mechanical 


FIG.    3 — ALTERNATING-CURRENT    MOTOR    AND    CONTROLLER    OPERAT- 
ING A   RUBBER   CALENDER 

brake  provides  one  of  the  most  effective  means  of  se- 
curing immediate  stopping.  Such  a  brake  should  be 
located  on  the  end  of  the  motor  shaft  opposite  the 
driving  gear. 

WOUND  SECONDARY  MOTOR  DRIVE 

The  second  method  of  drive  to  be  considered  is 
by  a  wound  secondary  motor  on  an  alternating-cur- 
rent circuit.  This  method  is  limited  in  production  be- 
cause of  the  fact  that  although  wound  secondary  mo- 
tors are  stable  in  operation  at  fairly  constant  loads, 
clown  to  50  percent  of  full-load  speed,  their  speed 
regulation  is  poor  except  for  a  small  speed  range  and 
a  reduction  of  more  than  15  percent  below  full-load 
speed  can  hardly  be  considered  for  the  work.  The  con- 
trol for  an  installation  of  this  kind  will  consist  of  a 
drum  type  controller  with  armature  resistance  suffi- 
cient to  reduce  the  motor  speed  to  about  one-third  of 
full-load  speed  for  threading  in  (this  portion  of  the 
resistance  need  be  for  intermittent  service  only)  and 
resistance  for  continuous  operation  between  20  per- 
cent below  full-load  speed  and  full-load  speed.   Over- 
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load  and  no-voltage  protection  is  obtained  by  a  separ- 
ate oil  circuit  breaker  and  stopping  stations  are  pro- 
vided as  described  in  the  first  method.     The  mechan- 


FIG.  4 — MAGNETIC  SWITCH  CONTROL  PAXFX  FOR  AN  ALTERNAT- 
ING-CURRENT CALENDER  MOTOR  EMPLOYING  THREE  FREQUEN- 
CIES AND   FIVE   SPEEDS 

ical  brake  is  the  only  means  of  providing  quick  stop- 
ping of  the  calender  with  this  method  of  drive. 

TWO-SPEED    SQUIRREL    C.A.GE    MOTOR   DRIVE 

A  method  of  drive  of  slightly  greater  flexibility 
than  either  of  the  above  is  obtained  by  using,  instead 
of  the  standard  squirrel-cage  motor  as  described  in  the 
first  method,  a  two-speed  squirrel-cage  motor,  the  two 
speeds  being  obtained  by  changing  the  primary  con- 
nections of  the  motor.  The  controlling  apparatus  is 
the  same  as  described  in  the  first  method  of  drive 
with  the  addition  of  a  knife  switch  for  changing  the 
motor  connections.  This  method  of  drive  gives  two 
operating  speeds  of  the  calender,  the  threading-in  for 
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FIG.    5 — SCHEMATIC    DIAGRAM    I.\DIC.\TING    THE    OPERATION    OF    \ 
THREE   FREQUENCY,   FIVE   SPEED   MAGNET   SWITCH   CONTROLLER 

either  speed  being  obtained  by  a  friction  clutch  as  de- 
scribed in  the  first  method. 

The  above  methods  of  drive  are  used  only  in 
rubber  manufacturing  plants  having  a  limited  variety 
of  output  and,  therefore,  mainly  small  plants.     In  the 


large  plants,  having  a  number  of  calenders  and  manu- 
facturing a  variety  of  product,  it  is  economy  to  go  to 
the  expense  of  providing  circuits  of  such  character  as 
to  allow  considerable  variation  in  speed  of  the  motors 
driving  the  calenders.  In  a  rubber  plant  all  apparatus, 
with  the  possible  exception  of  the  calender,  is  pre- 
ferably driven  by  alternating-current  motors  and, 
since  this  is  the  larger  ])ortion  of  the  power  require- 
ments, the  power  houses  are  naturally  equipped  with 
alternating-current  apparatus. 

THE    MULTIPLE-FREQUENCY   SYSTEM 

To  avoid  the  conversion  losses  incident  to  ob- 
taining direct  current  for  the  calender  motors, 
(which  naturally  suggests  itself  as  a  means  for  ob- 
taining variable  speed),  some  manufacturers  have 
adopted  a  "multiple  frequency"  system  of  calender 
drive.  This  consists  in  providing  generating  equip- 
ment for  two  or  more  frequencies ;  for  instance  one 
company  uses  45  and  60  cycles  and  another  30,  45 
and  60  cycles.     On  these  circuits,  two  speed  squirrel- 

cage     induction 

motors  are  oper- 
ated, giving  very 

close  speed  regu- 
lation     on      the 

various      speed 

points.  Using  10- 

20     pole    motors 

on  the  45  and  60 

cycle     circuits, 

operating    speeds 

of  270,  345,   540 

and     690     r.p.m. 

are  obtained,  and 

with      the     same 

motors      on     the  fig.  6 — panel  controlling   the  opera- 

"^o     4^     and     60      '•'1°^  °^  '^^'^  VOLTAGE  direct-current 

'        ,  .  .^  calender    MOTOR 

cycle     circuits, 

175,  270,  345,  540  and  690  r.p.m.  are  obtained.  Con- 
trollers for  this  type  or  drive  may  be  of  either  the 
drum  or  magnetic  switch  type,  the  principle  of  the 
control  being  to  get  the  motor  on  the  various  circuits 
in  proper  sequence  and  to  have  a  sufficient  interval 
of  time  between  the  various  connections  to  allow  the 
magnetization  of  the  motor  to  decrease  before  making 
the  next  connection.  This  is  particularly  important 
with  the  drum  type  controllers  since  the  small  space 
available  may  mean  that  any  considerable  flashing 
will  cause  one  circuit  to  flash  over  to  another.  Fig. 
2  shows  the  scheme  of  connections  of  a  drum  con- 
troller for  this  service  and  Fig.  3  shows  an  installa- 
tion of  this  kind.  This  controller  has  heavy  renew- 
able contacts  mounted  on  flexible  fingers  making  con- 
tact with  segments  on  a  movable  drum.  To  secure 
the  time  interval  between  contacts  an  automotoneer 
is  provided  on  the  controller  or  an  idle  contact  is  in- 
troduced between  the  live  ones.  Overload  and  no- 
voltage  protection  and  stopping  stations  are  secured 
by  an  oil  circuit  breaker.     Braking  is  secured  by  a 
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mechanical  brake  as  described  under  the  first  method 
of  drive. 

Instead  of  the  drum  controller,  a  magnetic  con- 
troller may  be  used.  This  gives  the  advantages  of 
controlling  the  calender  from  a  distance  without  run- 
ning heavy  current  carrying  leads  to  the  point  of  con- 
trol, making  all  contacts  visible  and  easy  to  repair  and 
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-DIAGR.AM    OF    CONTROL    FOR    DOUBLE    VOLT.\GE    DIRECT-CURREN'T   SERVICE    FOR   RUBDF.R   CALENDF.RS 


furnishing  easy  manual  operation  and  self-contained 
protective  devices.  Fig.  4  shows  a  controller  of  this 
type,  the  three-pole  magnetic  switches  being  operated 
from  a  single  magnetic  switch  and  making  connec- 
tions to  the  various  circuits  as  shown  in  Fig.  5. 

DIRECT-CURRENT     MOTOR    DRIVE 

The  next  method  of  calender  drive  to  be  con- 
sidered is  by  direct-current  motors.  This  method,  as 
far  as  the  calender  drive  is  concerned,  is  without 
doubt  the  one  that  combines  the  greatest  number  of 
advantages  because  of  the  facility  and  convenience  of 
control.  A  wide  range  of  speed,  a  large  number  of 
operating  points  and  all  practical  protective  features 
are  obtained  with  this  method.  A  speed  range  of  four 
to  one  is  ample  for  all  conditions  of  work  and,  be- 
cause of  the  difficulties  of  design  and  cost  of  motors 
of  the  size  required  for  this  work  (50  to  150),  having 
this  range  of  speed  by  field  control,  it  is  usual  to  em- 
ploy motors  having  a  speed  range  of  one  to  two  by 
field  control  and  obtain  the  total  speed  variation  of 
four  to  one  by  operating  the  armatures  on  two  volt- 
ages. Some  manufacturers  consider  a  speed  range 
of  three  to  one  sufficient  and  secure  the  lower  part 
of  the  speed  range  by  varying  resistance  in  the  arm- 
ature circuit ;  also  in  one  prominent  plant,  three  volt- 
ages are  used  but  by  far  the  most  common  employ- 
ment of  direct  current  for  this  work  is  the  two  volt- 
age circuit.  The  two  voltages  may  be  obtained  from 
three-wire  generators  or  by  bringing  out  the  neutral 
point  of  transformers  connected  to  rotary  converters, 
to  form  the  middle  point  of  a  125-250  volt  circuit. 
This  latter  method  is  in  use  in  small  plants  desiring 
the  ma.ximuni  variety  of  production  and  convenience 
of  o])cration  and  purchasing  power  from  central  sta- 
tions. It  is  economical  of  operation  and  simple  to 
install. 

The  control  for  the  calender  motor  operating  on 


such  a  system  consists  of  a  master  switch  operating 
a  magnetic  control  panel  containing  provision  for  ac- 
celerating the  motor  by  cutting  out  resistance  in  the 
armature  circuit  until  the  full  speed  on  the  125  volt 
circuit  is  reached ;  ten  speed  points  by  variation  of 
field  resistance  on  this  circuit;  transfer  switches, 
changing  the  motor  armature  to  the  250  volt  circuit 

and  at  the  same 
s,-quco«- n,  sw„ci,. ,j^g    cutting   out 

the  field  resist 
ance ;  and  ten 
speed  points  by 
variation  of  field 
resistance  on  the 
250  volt  circuit. 
.\  t  h  r  e  e-p  o  1  e 
knife  switch  is 
provided  for  con- 
necting the  mo- 
tor and  control 
circuits  to  the 
line  and  a  two- 
pole  knife  switch 
for  reversing  the 
direction  of  rotation  of  the  calender,  if  this  should  be 
required.  Overload  and  no-voltage  protection  is  ob- 
tained by  series  and  shunt  relays  actuating  the  mag- 
netic switches  in  the  line  circuits.  Dynamic  braking 
when  the  calender  is  shut  down  is  obtained  by  a  back 
contact  on  one  of  the  line  switches.  Such  an  outfit 
mav  be  started  and  stopped  by  means  of  push  buttons 
and  it  is  usual  to  provide  each  calender  with  four 
"start"  and  "stop"  stations.    On  pushing  the  start  but- 


FIC.    8 — ROTARV    CONVERTER    AND    SWITCH-BOARD    FOR    DIRECT- 
CURRENT    RUBBER    CALENDER    DRH^E 

ton  the  motor  accelerates  by  lockout  switches  on  the 
armature  circuit  and  fluttering  relays  in  the  field  cir- 
cuit, to  a  speed  corresponding  to  the  setting  of  the 
master  switch.  Pushing  the  stop  button  or  bringing 
the  master  controller  handle  to  the  off  position,  dis- 
connects the  motor  and  control  from  the  line  and 
causes  the  motor  to  be  braked  dynamically,  bringing 
it  to  rest  immediatelv. 


and   strength    to   stand   the   severe   service   to   which 

ihey  are  subjected. 
3 — A  dependable  series  relay  to  prevent  disturbances   to 

the  line. 
4 — Push  button  stations  for  starting  and  stopping. 

The  first  of  these   features,   viz.   the  timing   de- 
vice used  in  connection    with    this    installation,    con- 


Automatic  Control  for  Laundry  Machines 

DRIVEN  BY  ALTERNATING-CURRENT  REVERSING  MOTORS 

H.  F.  BOE 

Industrial  and  Power  Dept. , 

Westinghouse  Electric  &  Mfg.  Company 

THE  successful  application  of  alternating-current 
reversing  motors  to  washing  machines  de- 
pends largely  upon  the  type  and  reliability  of 
the  control  used.  It  is  essential  that  each  washer  re- 
verse its  direction  of  rotation  seven  to  nine  times  per 

minute,  so  that  the  clothes 
in  the  washer  cylinder  will 
not  become  entangled.  Each 
motor  is  connected  di- 
rectly to  the  line  and  is  re- 
versed from  practically  full 
speed  in  one  direction  to 
full  speed  at  full  load  in  the 
other,  by  simply  opening  the 
inagnetic  circuit  of  one 
two-pole  contactor  and  clos- 
ing the  magnetic  circuit  of 
another,  the  contactors  be- 
^'  ^'  ^°^  ing   mechanically   and   elec- 

trically interlocked  to  prevent  any  possibility  of 
short-circuit.  The  time  between  the  opening  of  one 
contactor  and  the  closing  of  the  other  is  approximate- 
ly one  second.  A  typical  installation  of  this  type  of 
control  together  with  the  wiring  layout  is  shown  in 
Figs.  2  and  4.  This  controller  is  arranged  to  take 
care  of  five  reversing  motors,   driving  washers ;  one 


FIG.    I — A   30-INCH    SOLID   CURB   EXTR.^CTOR 

Driven  by  a  three  horse-power,  i  200  r.p.m.  vertical  induc- 
tion motor  controlled  by  a  push-button  station,  which  opens 
and  closes  the  magnetic  circuit  operating  the  individual  con- 
tactors shown  on  the  panel  of  Fig.  4. 

sists  of  a  single-pole,  double-throw,  right  angle 
switch  operated  from  the  washer  shaft  through  a 
silent  chain  and  time  gears,  each  washer  being  equip- 
ped with  its  own  individual  timer.     The  switch  opens 


^ D 

"*  ^  ~  ~  o 

^  To 

__  in O 

^  u  O 

II 2. 

7  no 

R  HO 

9  1^  O 


Lmc  £wilclw>  (r>r  EtIrnclM  Molon 


FIG.    2— WIRING    DIAGR.\M    OF    CONTROL    P.\NEL    SHOWN    IN    FIG.    4 


reversing  motor,    driving   a   dry    room    tumbler,    and 
three  non-reversing  extractor  motors. 

There  are  four  essential    features    embodied    in 
this  type  of  control : — 

I — A  reliable  timing  device  and  magnetic  circuit  revers- 
ing switch. 

2 — Contactors,  mechanically  and  electrically  interlocked, 
equipped   with  blow-out   coils   and   of   sufficient   size 


and  closes  the  coil  circuit  of  the  contactor.  The 
time  of  each  cycle  depends  upon  the  speed  of  the  mo- 
tor; hence,  if  the  load  is  light,  the  motor  will  reverse 
more  times  per  minute  than  if  the  load  is  heavy,  al- 
though the  washer  cylinder  makes  the  same  number 
of  revolutions  before  reversing  under  any  load  con- 
dition. 
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The  contactors,  as  sliuwii  in  Fig.  i,  are  mechanic- 
ally and  electrically  interlocked,  are  equipped  with 
magnetic  blow-out  coils  and  are  large  and  rugged  in 


arc  used  for  >ianing  and  stopping  only,  the  control 
being  entirely  automatic  when  the  push  button  is  in 
the  "on"  position. 


MMvjVf4w^ 


Ti3t«  in  S«0)e4s 
FIG.    3 — LOAD   CURVE 

Covering  five  three-phase,  60  cycle,  220  volt  I  140  r.p.m.  reversing  induction  motors.  The  curve  is  taken  from  one 
phase  of  the  line  and  the  extreme  peaks  are  due  to  over-travel  of  the  pen.  Each  motor  reverses  above  once  every 
eight  seconds. 


construction.  Each  of  these  two-pole  contactors 
opens  and  closes  about  four  times  per  minute  during 
the  entire  run. 

The  relay  is  in  series  with  one  phase  of  tlie 
power  circuit  and  opens  or  closes  the  magnetic  cir- 
cuits of  the  various  switches  depending  upon  the  cur- 
rent in  the  line,  interlocking  contacts  being  provided 
which  prevent  any  of  the  reversing  motors  from  start- 
ing when  the  relay  is  open,  but  make  any  switch 
which  is  closed  independent  of  the  relay.  This  relay 
can  be  adjusted  so  that  no  two  motors  can  start  or 
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FIG.    4 — LAUNDRY    CONTROL   PANEL 

Covering  five  reversing  washing  machines,  one  reversing 
<iry-room  tumbler  and  three  extractors.  The  relay  governs 
the  operation  of  the  reversing  washing  machines,  preventing 
the  reversal  of  more  than  two  at  one  time.  The  switches 
are  numbered  to  correspond  to  the  wiring  diagram  shown  in 
Fig.  2. 

reverse  at  the  same  time.  However,  where  more 
than  three  motors  are  controlled  by  one  relay,  two 
motors  are  usually  permitted  to  reverse  at  the  same 
time,  since  if  only  one  motor  be  reversed,  each  ma- 
chine will  come  to  rest  before  reversing  and  thus 
cause  a  loss  of  time  which  is  objected  to  by  the 
laundrymen.  Fig.  3  demonstrates  that  the  proper 
adjustment  of  the  relay  reduces  the  disturbance  in 
the  line  to  a  minimum.  The  push  button  stations  are 
located  on  each  washer  as  indicated  in  Fig.   5,  and 


The  drjToom  tumbler  motor  shown  in  Fig.  6  has 
a  control  identical  with  that  of  the  washing  machines 


FIG.    5 — INDUCTION    MOTOR-DRIVEN,    36    BY    54-INCH    WASHER,    RE- 
VERSING  SEVEN   TO   EIGHT  TIMES    PER   MINUTE 

and  is  interlocked  through  the  relay  with  them.  The 
extractors,  however,  as  shown  in  Fig.  i,  are  con- 
trolled separately  and  driven  by  three  3  horse- 
power, three-phase,  60-cycle,  220  volt,  i  140  r.p.m. 
vertical  motors.  These  motors  are  connected  direct- 
ly to  the  line  by  closing  the  individual  contactors  on 
the  control  panel  by  means  of  push  button  stations 
loca     "         ■  -  ■  ,    •  ■     "-^^  j_ 


FIi;      " — A     4J    HV     '>.)-INCH    DRV-ROOM    TUMBLER 

Driven  by  a  reversing  induction  motor. 

This  control  panel  is  also  provided  with  one 
main  line  three-pole  switch  and  cartridge  fuses,  the 
control  circuit  being  protected  by  a  small  cartridge 
type  fuse. 


The  Manufacture  of  Electric  Controllers 

J.  A.  Blickman 
Controller  Manufacturing  Dept., 
Westinghouse   Electric  &  Mfg.  Company 

PROBABLY  in  no  branch  of  tlie  manufacture  of     teristics  of  any  successful  switch,  such  as  reliability, 
electrical  apparatus  is  there  so  wide  a  variety      accessibility,  liberal  contact  design  and  simplicity, 
of  parts  and  combinations  of  parts  as  in  the  The   first  of   the  above  general   requirements   is 

electric    controller    for    industrial    motors.      A    large     answered  in  the    design,    by    specifying    a    sufficient 
variety  of  tyjies  of  motors    has    been    developed    to     amount  and  proper  arrangement  of  material,  and  in 

meet   the   rapidly   increasing     the  assembly  by  careful  workmanship  and  provision 

for  ample  pressure  for  all  riveting  and  bolting. 

The  second  requirement  is  answered  in  part  by 
the  first,  in  securing  mechanical  ruggedness,  and  in 
part  by  the  use  of  protective  finishes.  As  a  general 
rule  the  installation  of  an  electric  controller  in  damp 
and  exposed  places  does  not  call  for  elaborate  finish, 
but  rather  more  attention  has  to  be  given  to  rust  re- 
sisting coatings  on  all  working  parts.  Where  lubri- 
cating is  entirely  eliminated,  such  processes  as 
sherardizing  and  coslottizing  have  been  applied  to  the 
working  parts  of  the  switches  and  relays.  Sherardiz- 
ing means  exposing  the  iron  or  steel  parts  under  a 
high  temperature  to  zinc  fumes.    This  causes  an  alloy 
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applications  of  electric  drive 
to  industrial  fields,  such  as 
mill  motors,  elevators,  ma- 
cliine  tools,  etc.  Whereas 
formerly  the  controller  or 
starting  rheostat  was  con- 
sidered as  a  minor  auxiliary 
in  an  electrical  installation, 
the  electric  controller  of  to- 
day has  become  an  im- 
portant piece  of  apparatus 
which  has  gradually  devel- 
oped,  due  to   the   more   ex- 


acting demands   for  the    operation    of    motors    with     qj  ^inc  and  iron  to  be  formed  and  finally  a  thin  coat- 


greater   safety,    with    predetermined   acceleration   and 
deceleration,  and  with  different  speeds. 

From  a  brief  review  of  the  many  types  of  pres- 
ent-day motors,  both  alternating  and  direct-current, 
with  either  constant  or  variable  speed  in  their  many 
branches  of  application,  it  can  readily  be  appreciated 
that,  in  addition  to  the  standard  lines  of  electric  con- 
trollers, the  manufacturer  is  compelled  to  design  and 
■  construct  an  extensive  line  of  special  controllers  for 
individual  cases.  Under  such  circumstances,  instead 
of  attempting  to  standardize  the  complete  control,  the 
logical  procedure  was  to  devote  attention  to  the  de- 
velopment of  the  details;  that  is.  to  standardize  indi- 
vidual parts  and  dimensions  to  the  greatest  possible 
extent,  the  special  features  of  manufacture  thus  be- 
ing narrowed  down  practically  to  the  manufacture  of 
magnet  switches,  relays  and  auxiliaries  and  their 
grouping  into  control  panels.  This  is  exactly  wdiat 
has  been  done  in  the  evoltition  of  th.e  magnet  switch, 
the  production  of  which  in  quantity  has  presented  a 
very  interesting  manufacturing  problem. 

THE    MAGNET   SWITCH 

In  the  development  of  this  switch  the  underlying 
principle  has  been  to  meet  the  greatest  possible  num- 
ber of  requirements  with  the  least  possible  variety  of 
parts.  To  this  end  a  thorough  analysis  of  the  require- 
ments of  the  varied  applications  was  necessarily  the 
initial  step,  resulting  in  tlte  decision  that  the  follow- 
ing essential  features  must  be  incorporated  in  such  a 
switch  for  general  application : — 

I — Substantial  construction. 

2 — Durability. 

3 — Thorough   insulation. 

4 — Uniformity  of  design  and  construction. 

These  requirements  in  a  switch  for  universal 
use  are,  of  course,  in  addition  to  the  general  charac- 


ing  of  zinc  is  deposited  on  the  surfaces  thus  exposed. 
This  process  successfully  replaces  the  older  method 
of  electro-plating  which  sometimes  will  rust  under 
the  coating  and  scale  off.  The  process  known  as 
coslettizing  is  a  more  recent  development  and  con- 
sists merely  in  boiling  the  parts  in  a  chemical  solu- 
tion. It  replaces  the  old  method  of  blueing  the  parts 
in  oil  and  gives  an  equally  pleasing  appearance,  be- 
sides being  a  better  rust  preventive. 

The  extra  insulation  is  provided  by  a  thorough 
impregnating  and  baking  of  the  coils,  substantial  spool 
construction,  arc  shields  on  contacts,  and  ample  spac- 
ing between  parts  of  different  potential. 

The  above  three  features  provide  protection 
against  the  mechanical  impact  and  vibration  due  to 
the  operation  of  the  switch  itself;  against  the  destruc- 
tive or  corrosive  action  of  danp  or  otherwise  harmful 
locations,  and  against  abnormal  voltage  conditions. 
Th'j  fourth  essential  is  that  which  makes  possible 
economy  in  the  cost  and  time  of  manufacture,  and 
will  be  considered  in  its  details. 

MANUFACTURE 

From  a  manufacturing  standpoint  the  design  of 
the  magnet  switch  in  its  principal  details  has  been 
kept  very  uniform.  This  has  allowed  the  introduc- 
tion of  combinaton  tools  and  fixttires,  as  only  the 
principal  dimensions  are  changed  to  accord  with  the 
capacity  of  the  switch  un'it.  Where  the  design  de- 
mands the  use  of  castings  it  is  found  that  the  shape 
of  the  casting  may  be  made  strictly  uniform.  When 
punched  parts  are  permissible,  as  indicated  in  Fig.  i, 
there  is  an  extensive  use  for  each  part  so  made,  thus 
not  only  saving  in  the  weight  of  material,  which  is 
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consiilcrable  on  account  of  tlie  quantity  of  parts  of  paint  in  the  dipping  tank,  are  brought  to  the  tool 
made,  but  also  resulting  in  a  minimum  of  labor  cost,  and  one  piece  is  machined.  This  is  then  removed  and 
(the  initial  investment  in  tools  being  small  in  com-  examined  with  working  gauges  for  accuracy  of  di- 
parison  with  the  saving  in  labor)  and  finally  insuring  mensions  and  allowances.  If  these  check,  the  ma- 
accuracy  in  dimensions.  Parts  requiring  extensive 
machining  are  designed  so  as  to  make  possible  their 
maniifactiiiL'    on    .■inloniatic   machine   tools   and    these 


f^f 
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Iinlicati.ig  tlie  diticr<.'nce  in  the  cost  of  labor  involved  in 
the  manufacture. 

parts  will  be  found  common  through  the  complete 
line  of  switches,  thus  guaranteeing  quantity  manu- 
facture. Other  parts  again,  such  as  arcing  tips,  are 
manufactured  from  drawn  stock  material,  the  only 
variation  in  dimensions  for  different  capacities  being 
in  length,  which  is  obtained  by  a  single  cut  oft"  on  the 
saw.  For  the  assembling  of  details,  standard  hard- 
ware, such  as  bolts,  washers,  taper  pins  and  spring  cot- 
ters are  used ;  and  such  details  as  shafts  for  contact 
arms,  etc.,  which  require  quick  removal  are  secured 
by  means  of  receding  pins  under  spring  locks  and 
spring  cotters.  The  same  uniformity  is  found  in  the 
design  of  the  frames,  which  are  built  u[)  from  stan- 
dard pipe  clamped  together  with  standard  clamps  and 
"U"  bolts  and  carrying  uniform  braces  to  which  the 
switch    bases    are    bolted. 
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OF   CONTROL   PANELS 

By  means  of  this  table  quantity  lots  of  a  given  size  can  bs 
assembled  in  very  rapid  order. 

As  soon  as  a  standard  design  was  established,  the 
mamifacture  was  started  with  a  considerable  expendi- 
ture for  the  necessary  tools  and  permanent  metal  pat- 
terns, as  production  in  quantity  was  anticipated.  Each 
tool,  as  shown  in  Fig.  3,  is  provided  with  hardened 
gage  blocks,  stops  and  other  means  of  checking  di- 
inensions,  to  v>-hich  the  operator  sets  his  cutting  tool. 
The  detail  parts,  having  received  their  prime  coating 


FIG.    3 — MACHIXF,   TOOL    USF.D   IX    THE    M.\XUF.\CTURE   OF 
MAGXET  SWITCHES 

The  operator  is  shown  setting  his  tool  in  accordance  with 
the  stops  and  gage  blocks. 

chine  is  again  put  in  operation  and  the  workman  com- 
pletes the  lot.  In  this  way  the  details  run  through  a 
series  of  operations  from  milling  fixture  to  drill  jig. 
to  tapping  fixture  and  so  on,  on  machine  tools  con- 
veniently located  in  the  proper  sequence;  thus  insur- 
ing a  minimum  of  transportation,  as  they  travel  almost 
in  straight  lines  from  machine  to  machine  into  the  as- 
sembling department  or  the  storeroom. 

The  same  system  is  carried  through  in  the  as- 
sembling departments,  where  groups  of  workmen  as- 
semble complete  style  parts  for  stock  and  others  as- 
semble  these   style   parts    into   complete   switches   by 


^ 


FIG.  4- 


-A   M.\GNET  SWITCH  AS  IT  WOULD  BE  SEXT  TO 
THE    STOREROOM 


The  coil  is  not  assembled  with  the  rest  of  the  switch  as 
it  is  only  applied  when  the  requirements  of  the  ser%-ice  are 
specified. 

withdrawal  of  parts  and  hardware  from  the  store- 
room. The  production  of  individual  switches  is  thus 
automatically  regulated  by  withdrawal  from  the  store- 
room and  consists  merely  of  replenishing  the  stock  of 
parts  and  of  complete  switches.  An  important  feature 
of  stock  production  with  standard  tools  under  severe 
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inspection,  is  the  possibility  of  interchanging  parts 
in  cases  of  inevitable  breakdowns  or  wear  outs,  with- 
out any  extra  fitting  or  loss  of  time  in  dehvery. 

ASSEMBLY 

The  workman  assembles  to  predetermined  allow- 
ances   for    distance    between    contacts,    distances    be- 


FIG.   5 — EQUIPMENT    USED   IX    THE   ASSEMBLY    OF    COMPLETE 
CONTROL  PANELS 

tween  magnetic  surfaces;  and  contact  spring  com- 
pression, as  each  carries  a  distinct  relation  to  the 
others.  As  variations  of  one-thirty-second  of  an  inch 
are  considered  as  maximum  allowance,  working 
gages  are  constantly  used.  The  contact  surfaces  in 
the  closed  position  are  the  copper  tips  alone,  the  car- 
bon being  entirely  free.  The  heels  of  these  copper 
tips  must  form  a  straight  line  without  overlapping. 
When  the  switch  opens  the  moving  element  transfers 
the  contact  to  the  upper  part  of  the  tip,  finally  break- 
ing the  circuit  on  the  carbon.     It  is  also  necessary  to 


FIG.   6 — ^BENDING   MACHINE  ON   WHICH    THE   HEAVIEST    STR.\P 
WIRE   IS  BENT  TO  ANY   FORM   DESIRED 

provide  a  uniform  compression  in  the  spring  oppos- 
ing the  pull  of  the  magnet.  Considerable  attention  is 
given  to  the  assembling  of  the  laminated  armature  and 
poles,  as  to  the  steel  used,  the  uniformity  of  the  lam- 
ination insulation  and  the  riveting  and  bolting  pres- 
sures, so  as  to  insure  quiet  operation  on  alternating- 
current  circuits. 


An  example  of  a  magnet  switch  as  it  would  be 
sent  to  the  storeroom  is  shown  in  Fig.  4.  With  the 
exception  of  the  coil,  the  parts  are  all  standard  and  are 
accordingly  assembled  before  assignment  to  stock. 
The  coil,  however,  incorporates  the  variable  features 
such  as  voltage,  and  therefore  is  only  applied  on  the 
withdrawal  of  the  switch  from  stock  to  fill  an  order 
(if  definite  characteristics. 

The  assembly  is  started  by  withdrawing  the  neces- 
sary parts  from  stock.  Then  the  slate  bases  for 
the  sv.itches,  relays,  interlocks,  etc.,  being  of  stan- 
dard dimensions,  are  assembled  on  standard  pipe 
frame  mountings.  The  workman  is  equipped  with 
convenient  assembly  tables,  tools  and  wheel  truck,  as 
indicated  in  Fig.  5.  In  wiring  up  the  back  of  a  control 
panel  the  workman  is  very  much  assisted  by  the  strap- 
bending  machine  shown  in  Fig.  6.    The  different  sizes 


FIG.    7 — COPPER    STRAP   BENT    ON    THE    BKNIUXG    MACHINE 
SHOWN    IN   FIG.   6 

of  copper  strap  can  be  bent  by  this  means  to  any  de- 
sired angle,  as  indicated  in  Fig.  7. 

INSPECTION   AND  TEST 

A  thorough  system  of  inspection  follows  the  ap- 
paratus through  the  shop.  As  already  stated,  the 
dimensions  to  which  the  pieces  are  machined  are  care- 
fully inspected  on  completion  of  the  first  piece;  then 
on  completion  each  individual  switch,  relay,  interlock, 
etc.,  is  checked  for  mechanical  correctness  of  dimen- 
sion and  operation :  and,  finally,  when  assembled  on  a 
complete  control  panel,  the  whole  apparatus  is  given  a 
last  mechanical  check  and  wherever  possible  is  wired 
complete  with  resistance  and  master  controller  to  a 
motor-generator  set  and  run  under  actual  working 
conditions.  Also  each  switch  on  the  panel  is  tested 
separately  as  to  its  proper  insulation,  magnetic  condi- 
tion and  energ}'  consumption,  the  requirements  being 
especially  exacting  on  alternating-current  circuits. 

As  the  control  panels  are  wired  complete  in  the 
manufacturing  department  and  transported  to  the 
testing  and  shipping  departments  without  dismantling, 
they  are  mounted  on  vans  provided  with  casters,  thus 
facilitating  the  handling. 

The  methods  described  above  reduce  the  manu- 
facture of  the  magnet  switch  and  the  complete  control 
panel  to  a  perfect  manufacturing  procedure,  which  not 
only  facilitates  its  passage  through  the  shop  on  its 
wav  to  completion,  but  also  simplifies  the  system  and 
minimizes  the  time  before  delivery  or  shipment. 
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IN  THIS  article  controllers  are  considered  to  be  those  devices  which  are  used  for  starling,  stopping, 
reversing  and  controlling  the  speed  of  motors.  Starting  rheostats,  hand  operated,  used  for  infrequent 
starting  of  motors  are  not  included.  As  the  article  is  of  an  historical  nature,  the  aim  has  been  to  describe 
and  illustrate  devices  and  their  principal  parts  in  such  a  way  as  to  show  their  evolution  and  to  point  out 
some  of  the  features  which  have  been  prominent  in  this  development.  It  is  an  interesting  fact  that  in 
many  cases  the  evolution  is  through  the  complex  to  the  simple. 


IT  SEEMS  almost  inevitable  that  the  designer  must 
follow  a  circuitous  path  which  takes  many  differ- 
ent directions  instead  of  finding  the  straight  and 

short  path  which  leads  to  the  perfected  simple  device. 

This  is  shown  by  the  evolution  of  controllers  which, 

beginning  with  a  few  sim- 
ple switches,  has  developed 
through  many  dififerent 
forms  of  complex  mechan- 
ism to  the  highly  developed 
unit  switch  of  today,  which 
in  various  combinations  is 
used  to  a  large  extent  in 
the  solution  of  control 
problems.  A  study  of  the 
development  of  resistors 
shows  the  same  thing. 
They  were  first  made  by 
winding  resistance  wire  on 

an  insulated  supporting  member.  Later,  various  forms 

were  used,  such  as  the  cell  type  and  the  imbedded  type. 
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FIG.    I- 


-SECTIONS    SHOWING    DEVELOPMENT    OF    DRUM 
CONTROLLER  CONSTRICTION 


but  at  the  present  time  very  simple  forms  are  usel, 
such  as  the  grid,  bar,  bobbin  and  tube  types. 

EARLY  CONTROLLERS 

In  its  simplest  form,  a  controller  consists  d  two 
single-pole,  single-throw  switches  and  a  suitable  re- 
sistance.    Closing  the  first  switch  connects  the  motor 


to  the  circuit  with  the  resistance  in  series,  and  closing 
the  second  switch  short-circuits  the  resistance.  If 
reversing  is  necessar)%  a  double-pole,  double-throw 
switch  is  used.  While  the  control  problem  was  one 
of  a  comparatively  simple  nature  in  the  early  days,  at 
present  the  application  of  motors  in  industrial  work  has 
become  so  diversified  that  there  are  now  many  forms 
of  controlling  devices  with  a  large  variety  of  functions 
to  perform. 

One  of  the  very  first  applications  of  electric  mo- 
tors requiring  controllers  to  industrial  work  was  the 
case  of  electrically-op- 
erated cranes.  In  this 
application  there  was 
one  motor  for  moving 
the  bridge,  one  for  the 
carriage  and  one  for 
the  hoist.  These  con- 
trollers were  used  for 
starting  and  controll- 
ing the  speed  of  the 
motors  by  introducing 
more  or  less  resistance 
into  the  circuit,  and 
for  reversing  the  mo- 
tor. The  earliest  form 
of  controller  used  for 
this  purpose  was  the 
so  called  drum  type 
and  was  made  by  mod-  fig.  2- 
ifying  the  street  car 
controller.  A  sectional  view  of  one  of  the 
very  early  forms  of  drum  controller  is  shown 
in  Fig.  I -a.  It  will  be  noted  that  this  controller  consists 
essentially  of  a  drum  with  bearings  at  each  end  and 
copper  segments  with  insulated  discs  between  the  seg- 
ments. Contact  fingers  were  arranged  in  such  a  way 
that  the  desired  circuit  and  motor  connections  could 
be  made.  One  of  the  difficult  problems  in  early  con- 
troller work,  or  as  a  matter  of  fact  in  all  controller 
work,  was  to  reduce  the  amount  of  destruction  caused 
by  the  arc  which  is  formed  in  opening  the  circuit.  It  is 
also  necessary  to  isolate  the  arc  so  as  to  prevent  it  from 
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taking  a  path  to  adjacent  contacts  which  would  form 
a  partial  or  complete  short-circuit,  as  well  as  to  reduce 
the  damage  due  to  arcing  when  the  circuit  is  opened.  It 
will  be  noted  in  Fig.  i-b  that  the  drum  on  which  the 
contact  segments  are  mounted  is  made  of  fire-proof 
material  or  is  covered  with  such  a  material.  In  the 
early  days  there  were  not  so  many  nor  so  suitable  ma- 
terials as  now  exist  for  this  purpose.  At  first  wooden 
drums  were  used.  It  was  found  that  the  arc  due  to 
the  opening  of  the  circuit  or  to  cutting  in  resistance 


FIG.     3 — SKETCHES     SHOWING    THE    EVOLUTION     OF    THE    CONTACT 
FINGER 

soon  charred  the  wood,  not  only  destroying  it,  but 
quickly  making  the  surface  conducting,  due  to  carbon- 
ization. The  drum  was  covered  with  sheet  asbestos, 
which  was  an  improvement.  This,  however,  was  not 
durable  and  the  construction  consisting  of  porcelain 
discs  with  insulating  shields  between  the  discs  was 
used.  A  considerable  amount  of  development  work 
was  done  in  order  to  get  a  porcelain  which  would  not 
chip  and  crack  under  the  heat  of  the  arc.  Consider- 
able attention  was 
also  given  to  get- 
ting a  material 
for  the  insulating 
shields  used  be- 
tween the  porce- 
lain discs  that 
would  not  be- 
come conducting 
when  exposed  to 
the  arc.  As  the 
work     became 

FIG.  4 — EARLY   FACE-PLATE  CONTROLLER  , 

more  severe  and 
the  motors  larger,  the  use  of  metal  drums  was  resorted 
to.  The  general  features  of  this  construction  are 
shown  in  Fig.  i-d.  This  construction  consisted  of  an 
insulated  shaft  with  cast  metal  segments  clamped  to  it. 

INTRODUCTIOX  OF  M.\GXETIC  BLOWOUT 

The  destruction  of  the  contacts  as  well  as  the  dif- 
ficulty of  opening  heavy  currents  with  any  consider- 
able voltage  was  still  a  most  troublesome  matter  and 
the  magnetic  blow-out  was  resorted  to.  The  use  of 
the  magnetic  blow-out  for  suppressing  arcs  stands  out 
as  one  of  the  very  prominent  and  important  steps  in 
the  development  of  devices  which  have  to  perform  this 
function.    As  a  matter  of  fact  it  has  probably  contrib- 
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uted  more  to  the  development  and  advance  in  arc  rup- 
turing devices  for  direct-current  circuits  as  well  as  to 
a  considerable  extent  in  alternating-current  circuits 
than  any  other  one  thing.  The  earliest  form  of  the 
application  of  the  magnetic  blow-out  was  the  use  of 
one  coil  to  produce  a  mag- 
netic field  by  means  of  iron 
arms  extending  over  the 
controller  fingers  which 
acted  to  blow  out  the  arc 
quickly.  The  magnetic 
blow-out  scheme  has  been 
applied  in  various  other 
ways,  one  being  to  place  a 
coil  at  eadi  side  of  the 
point  of  engagement  of  the 
contact  fingers  and  contact 
segments  so  as  to  pro  'uce 
a  magnetic  field  at  the 
point  where  the  arc  is 
formed  and  to  blow  it  in  a 
plane  parallel  to  the  finger. 
One  of  the  particular  ad- 
vantages of  this  arrangement  is  that  the  arc  is  carried 
away  from  the  fingers  and  contacts  and  does  not  strike 
the  insulating  arc  shields  between' contact  fingers  and 
thus  the  life  of  the  shields  is  lengthened  and  possible 
short-circuits  between  fingers  avoided.  Fig.  2  shows 
its  application  to  a  modern  magnetic  unit  switch. 

Before  the  use  of  the  magnetic  blow-out  was  re- 
sorted to,  one  of  the  schemes  was  to  arrange  the  con- 


5 — LATER    FORM    OF    FACE- 
PL-WE   CONTROLLER 


FIG.    6 — FACE-PLATE   CONTROLLERS    WITH    RESISTANCE 
MOUNTED    BELOW 

With  and  without  blowout  coils 

troller  so  that  the  arc  was  formed  with  a  large  num- 
ber of  breaks  in  series,  thus  distributing  the  burning 
over  many  contacts  and  making  it  easier  to  confine  the 
arc  at  any  one  of  the  points  where  it  occurred.  Im- 
mersing the  contacts  in  oil  was  tried  in  early  direct- 
current  controllers  but  this  proved  of  doubtful  utility. 
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FIG.    7- 


-FACE-PLATE    CONTROLLER    FOR 
SMALL    MOTORS 


CONTACT   FINGERS 

A  very  important  element  in  controllers,  especially 
of  the  drum  type,  is  the  contact  finger.  It  has  received 
a  great  deal  of  study  and  has  passed  through  many 
stages  of  (ieveloiiment.  Fig.  3  shows  a  numhcr  of  dif- 
ferent contact  liii^'crs  in  the  order  of  their  develop- 
ment. In  the  first 
one  it  will  be 
noted  that  the 
contact  finger  is  a 
large  and  a  more 
or  less  complica- 
ted mechanism  as 
compared  w  i  t  h 
the  more  modern 
construction.  It 
is  a  difficult  mat- 
ter to  get  a  finger 
which  is  reason- 
ably cheap  to 
m  a  n  u  I  a  c  ture, 
which  is  easily 
renewable,  which 
will  carry  the 
current  without 
o  V  e  r  h  e  a  t  i  ng, 
which  is  easily  kept  in  operating  condition  an " 
which  is  readily  adjustable.  The  accompanying  illus- 
trations show  only  a  few  of  the  types  of  fingers  whicn 
were  used  and  is  confined  to  those  which  have  had 
application  for  a  considerable  time.  However,  there 
were  many  other  forms  introduced  and  tried  out,  a 
good  many  of  them  having  no  otlier  excuse  for  their 
existence  than  the  confidence  or  perhaps  pride 
of  the  designer.  For  many  years  it  was  a  regular  thing 
for  an  engineer,  soon  after  he  had  taken  up  the  work 

of  designing  controll- 
ers, to  get  up  a  new 
type  of  contact  finger. 
A  study  of  these  de- 
signs in  many  cases 
made  it  evident  at  once 
that  he  had  just  taken 
up  the  work. 

IWCE-l'LATE     AND     DISC 
CONTROLLERS 

The  next  type  of 
controller  d  e  v  e  loped 
was  made  in  two 
forms,  the  face  plate 
and  the  disc  form.  The 
former  had  the  contacts  mounted  on  the  surface  of 
marble,  slate  or  other  insulating  material,  and  the  lat- 
ter had  the  contacts  mounted  on  the  periphery  of  a 
circular  supporting  member.  The  former  was  com- 
monly called  the  face  plate  controller,  and  the  latter 
the  commutator  type,  disc  type  and  grindstone  type, 
according  to  the  form  of  construction  used.    The  face 


plate  type  was  first  made  as  shown  in  F'ig.  4.  A  later 
form  is  shown  in  Fig.  5.  In  order  to  economize  in 
floor  space,  especially  when  used  in  crane  cages,  the 


8 — THE    FIRST    COMMUTATOK- 
TYPE  CONTROLLER 


FIG.    9 — COMMUTATOR-TVI'L    CONTROLLER    WITH     M.SGNETIC    BLOW- 
OUT AND  RENEWABLE  CONTACTS 

resistance  was  later  mounted  below  the  face  plate.  Fig. 
6  shows  two  forms,  one  with  magnetic  blow-out  and 


FIG. 


10 — GRINDSTONE-TYPE     CONTROLLER 
MOUNTED  BELOW 


WITH      RESISTANCE 


the  other  without  magnetic  blow-out.  This  controller 
is.  in  many  of  its  essential  features,  the  same  today 
as  when  it  was  first  brought  out  about  1S92.    The  op- 
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erating  handle  moves  in  each  direction  from  the  off 
position  to  get  forward  or  reverse  operation  of  the 
motor.  Reversing  was  obtained  without  the  use  of  a 
separate  reverse  switch.  This  feature  is  described  in 
more  detail  later.  Another  form  of  controller  for 
small  motors  is  shown  in  Fig.  7.  The  other  form  of 
this  type  of  controller  was  first   made   up   in   the   so 
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FIG.    II — DIAGRAM    OF   CONNECTIONS    OF    A    FACE-PLATE    AND 
COM>IUT.\TOR-TYPE  CONTROLLER 

called  commutator  type.  As  the  name  implies  the  con- 
tacts were  built  up  like  the  commutator  of  a  direct- 
current  motor  using  V-ring  construction.  This  ful- 
filled the  requirements  of  ruggedness  and  durability, 
and  endured  for  many  years.  Fig.  8  shows  an  early 
form  of  this  controller.  In  Fig.  9  a  later  form  with 
magnetic  blow-out  and  renewable  contact  segments  is 
shown.  One  of  the  early  applications  of  this  con- 
troller in  particularly  severe  service  was  on  cranes  for 
charging  soaking  pits  in  steel  mills.  In  this  work  sen- 
sitive control  of  speed  was  not  desired,  but  quick  start- 
ing, stopping  and  reversing  of  the  motor  was  neces- 
sary. The  controller  was  made  with  comparatively 
few  well-separated  contacts,  and  strong  magnetic 
blow-out  and  low  ohmic  resistance.     In  order  to  save 

floor  space  this  form 
of  controller  was  later 
made    up    with    the    re- 


FIG.    12 — FACE-PLATE   CONTROLLER 
FOR    SQUIRREL-CAGE    MOTORS 


FIG.  13  —  SEGMENT  TYPE 
OF  CONTROLLER  FOR 
SQUIRREL-CAGE     MOTORS 


sistance  mounted  under  the  contacts,  as  shown 
by  Fig.  10.  In  order  to  get  a  less  expensive 
form  of  construction  than  the  commutator  type,  the 
grindstone  type  was  developed.  In  this  a  disc  of  soap- 
stone  or  other  suitable  material  is  used  and  the  con- 
tacts secured  to  the  periphery.     This  construction  is 


sliown  by  Fig.  10.  The  magnetic  blow-out  was  ap- 
plied in  such  a  way  as  to  blow  the  arc  parallel  to  the 
contacts.  This  proved  effective  and  made  the  contacts 
very  durable  under  the  most  severe  conditions  of  serv- 
ice. In  the  face  plate  and  commutator  type  controll- 
ers just  described  a  very  ingenious  scheme  of  connec- 
tions was  used  so  as  to  provide  for  many  steps  of  re- 


FIG.  14 — DRUM-TYPE  CON- 
TROLLER FOR  WOUND — 
SECONDARY     MOTORS 


FIG.  15 — EARLY  TYPE  OF 
AUTOMATIC  ELEVATOR  CON- 
TROLLER 


sistance  with  a  direct-connected  handle  operating 
through  a  small  arc  of  travel  and  to  obtain  reversing 
of  the  motor  without  a  separate  reverse  switch.  Fig. 
II  shows  a  diagram  of  connections  of  this  form  of 
controller.  It  will  be  noted  that  the  resistance  is  di- 
vided into  four  sections,  and  the  contacts  are  staggered 
in  such  a  way  that  a  portion  of  the  resistance  is  cut 
out  of  each  section  progressively.  It  will  be  further 
noted  that  when  the  contact  fingers,  of  which  there 
are  four  sets,  are  moved  in  one  direction  the  current 
goes  through  the  armature  in  a  given  direction,  and 
when  the  fingers  are  moved  in  the  reverse  direction 
from  the  neutral  or  oft  position,  the  current  in  the 
armature  is  reversed.    The  whole  scheme  of  this  type 


FIG.    16 — MECHANICALLY-OPERATED   AUTOMATIC    ELEVATOR 
CONTROLLER 

of  controller,  with  its  ingenious  coordination  of  parts 
to  perform  its  functions  effectively,  its  campact  and 
convenient  form,  make  it  deserving  of  a  very  promi- 
nent place  in  the  history  of  all  industrial  control  de- 
vices. 

Alternating-current  motors  of  the  squirrel-cage 
type  were  first  used  in  industrial  work.  One  of  the 
first  controllers  used  in  this  connection  is  shown  in 
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Fig.  13.  Cliange  in  speed  was  obtained  by  applying 
different  voltages  to  the  motor.  The  voltage  steps 
were  obtained  by  bringing  out  leads  from  the  windings 
of  a  transformer.  In  order  to  prevent  short-circuiting 
a  loop  of  the  transformer  in  changing  from  one  lead 


nc.     17 — PRINTING     PRESS 
CnNTROLLF.R 


FIG.    18 — MACHINE    TOOL   COX- 
TROLI.ER — DRUM     TYPE 


to  another,  a  resistance  was  introduced  between  two 
sets  of  fingers  of  the  controller.  This  form  of  con- 
troller was  later  made  in  the  face-plate  type,  as  shown 
by  Fig.  12.  To  obtain  better  speed  control,  alternat- 
ing-current motors  were  later  designed  with  wound 
rotors  and  resistance  was  introduced  into  the  rotor 
circuit.  Fig.  14  shows  the  type  of  controller  which 
was  used  for  this  service. 

APPLICATIONS    IX    DIFFERENT    INDUSTRIES 

As  the  application  of  motors  to  industrial  work 
became  more  general,  the  functions  of  the  controller 
became  more  varied  and  it  was  necessarj'  to  develop 
types  to  meet  the  specific  requirements.    This  was  par- 


FIG.  19 — M.VCHINE  TOOI, 
CONTROLLER  —  COMBI- 
NATION  DRUM  AND 
FACE-PLATE    TYPE 


FIG.  20 — MACHINE  TOOL 
CONTROLLER  —  FACE- 
PLATE  TYPE 


ticularly  true  with  regard  to  elevators,  printing  presses 
and  machine  tools. 

For  elevator  service,  direct-current  motors  only 
were  used  at  first,  and  the  first  step  in  automatic  oper- 
ation was  the  development  of  a  controller  having  a 


I — MACHINE-TOOL  CON- 
TROLLER —  MAGNET-SWITCH 
TYPE 


solenoid  to  move  the  contact  arm  and  a  dabii[ioi  to 
produce  a  slow  motion  so  that  the  time  consumed  in 
starting  the  motor  was  independent  of  the  operator. 
Fig.  15  shows  the  earliest  form  of  this  controller.  The 
starting  and  reversing  switch  was  connected  to  the 
rope  which  passed  through 
the  elevator  car.  This  was 
followed  by  an  automatic 
elevator  control  which  was 
entirely  mechanicallv  ma- 
nipulated. Fig.  16  shows 
one  of  these  controllers. 
The  handle  or  operating 
wheel  of  the  controller 
winds  up  a  spring,  the 
drum  being  held  stationary 
by  a  pawl.  At  the  end  of 
the  movement  of  the  wheel 
the  pawl  is  released,  allow- 
ing the  drum  to  revolve, 
due  to  the  tension  of 
the  spring.  A  retarding  fig, 
dashpot  was  used  to 
limit  the  movement  of 
tlie  drum  and  thus  to  make  the  time  of  starting  inde- 
pendent of  the  setting  of  the  dashpot  and  independent 
of  the  operator.  A  considerable  amount  of  ingenuity 
found  expression  in  the  various  forms  in  which  these 
earlier  automatic  controllers  were  made  up.  This  lat- 
ter form  of  con- 
troller was  also  used 
in  connection  with 
the  first  application 
of  alternating  -  cur- 
rent motors  to  ele- 
vator work.  These 
motors  were  started 
by  applying  several 
steps  of  voltage.  It 
was  not  desirable  to 
open  the  circuit  in 
passing  from  step 
to  step,  nor  would 
it  do  to  have  two 
fingers  on  a  com- 
mon contact  at  the 
same  time,  as  this 
would  short-circuit 
the  loops  of  the 
transformer;  so  in 
connecting  to  the 
next  higher  voltage 
a  resistance  was 
first  introduced,  and 
after  the  lower  voltage  was  disconnected  the  resistance 
was  short-circuited. 

The  control  requirements  for  electrically-driven 
printing  presses,  especially  such  presses  as  are  used 
for  printing  newspapers,  are  most  exacting.     Xo  at- 
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2 — ELEVATOR     CONTROLLER- 
NET   SWITCH  TYPE 
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tempt  will  be  made  here  to  discuss  the  schemes  of  con- 
trol now  in  use  in  modern  newspaper  offices.  As  a 
matter  of  interest,  however,  one  type  of  printing  press 
controller  is  illustrated  and  briefly  described.  This  is 
shown  in  Fig.  17.  The  controller  is  of  the  drum  type 
with  magnetic  blow-out  as  shown.  Automatic  devices 
arc  ]')ro\ided  for  opening  the  circuit  in  case  of  no  volt- 


FKi.   2i — COI.fMN    OF  c::i-I.-TVrl.    HI  >l-rnl;: 


FIO.   2A — COLUMN  OF  VENTILATED  CELL-TVPE  RESISTORS 

age  or  overload,  or  if  the  operator  removes  his  hand 
from  the  handle  in  any  of  the  starting  positions.  Speed 
variation  is  obtained  by  varying  the  resistance  in  the 
shunt  field  of  the  motor  and  further  by  the  use  of  re- 
sistance in  the  armature  if  necessary.  Provision  is 
made  for  connecting  the  armature  to  a  resistance  for 
electric  braking.  There  are  two  positions,  one  for  easy 
braking  and  one  for  emergency  braking.     A  reverse 


FIG.  25 — CELL-TYPE  RESISTORS  IN  CAST-IRON   HOUSING 


FIG.   26 — EARLV    FORM    OF   GRID   RESISTOR 

switch  is  provided.  The  motor  may  be  stopped  by 
means  of  push  buttons  located  in  any  number  of  places. 
This  controller  w-as  brought  out  about  1902. 

In  the  application  of  motor  drive  to  machine  tools, 
speed  control  was  obtained  by  the  application  of  two 
voltages  to  the  motor  and  by  shunt  field  control.  Later 
practice  is  to  use  a  single  voltage  and  obtain  a  com- 
plete speed  control  by  varying  the  field  current.  The 
drum  type  of  controller  was  applied  to  this  work.  Fig. 
18  shows  one  of  these  controllers.     A  modification  of 


this  type  is  shown  by  Fig.  19.  In  this  form  the  arma- 
ture current  is  handled  by  the  usual  drum  and  fingers, 
whereas  the  shunt  field  current  is  taken  care  of  by  a 


FIG.  27- 


-MODERN   GRID   RESISTOR    SHOWING    MOUNTING    AND 
THREE-POINT    SUSPENSION 


face  plate.  Fig.  20  is  still  another  form  in  which 
both  armature  and  field  currents  are  carried  by  face 
plates. 

MAGNET  SWITCH   CONTROLLER 

The  latest  form  of  controller  for  many  kinds  of 
work  is  the  magnet  switch  type  used  in  suitable  com- 
binations. Fig.  21  shows  the  early  form  of  a  switch 
of  this  type  arranged  for  machine  tool  work,  and  Fig. 
22  shows  the  combination  arranged  for  elevator  serv- 
ice. It  is  interesting  to  note  in  this  connection  that  a 
magnet  switch  was  designed  in  1892.  This  is  a  strik- 
ing exam[ile  of  the  abandonment  for  years  of  a  prin- 
ciple which  is  later  found  to  be  best. 
In  dift'erent  cases  this  is  due  to  dif- 
ferent reasons ;  some  times  develoji- 


FIG.    28 — EMBEDDED-TVPE    RESISTOR 


FIG.     29 — BAR-TYPE 
RESISTOR 


ments  along  other  lines  look  more  promising,  suitable 
materials  are  lacking,  etc.  This  brings  out  forcibly 
the  fact  that  there  must  be  a  great  deal  of  more  or 
less  negative  experience,  especially  in  a  young  in- 
dustry. 

RESISTORS 

There  have  been  a  considerable  number  of  inter- 
esting developments  in  resistors  used  in  connection 
with  controllers.  Many  dift'erent  forms  of  construc- 
tion have  been  used.  The  earliest  form  consisted  of  a 
resistance  wire  wound  in  a  spiral  and  placed  in  tension, 
when  suspended,  to  separate  the  turns.  These  would 
vibrate  and  come  together  and  would  sag  under  high 
temperatures.     A    ven*-  ingenious    form    of    resistor 
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was  developed  about  1890.  This  was  the  so  called  cell 
type,  a  column  of  which  is  shown  in  Fig.  23.  The  re- 
sistance material  consisted  of  ribbon  instead  of  wire 
and  the  construction  was  such  that  the  resistance  rib- 
bon could  not  sag  or  shift  out  of  position  under  any 
kind  of  rough  treatment  or  high  temperature.  This 
proved  very  effective  and  was  used  for  many  years.  A 
later    form   in   which   there  was   more   ventilation   is 

shown  in  Fig.  24.  At  first 
these  columns  were  mount- 
ed in  cast  iron  housings,  as 
shown  in  Fig.  25,  but  later 
the  columns  were  used 
without  any  housings. 
This  form  of  resistor  was 
a  markedly  successful  one 
and  was  used  extensively 
for  many  years. 

The  development  of 
the  cast  grid  for  resist- 
ance marked  an  impor- 
tant step.  Fig.  26  shows 
an  early  form  of  this 
kind  of  resistor.  This  was  an  excellent  con- 
struction but  rather  expensive.  Further  develop- 
ment produced  the  present  form  of  grid  and  mount- 
ing, shown  in  Fig.  27,  which  may  be  said  to  be  nearly 
fundamental.  In  a  completed  frame  97  percent  of  the 
total  weight  is  of  iron  which  is  the  cheapest  metal. 
About  80  percent  of  all  the  material  is  active  as  re- 
sistance and  in  the  manufacture,  notwitlistanding  the 
cheapness  of  the  material,  the  total  labor  cost  is  less 
than  a  quarter  of  the  material  cost  in  the  completed 
resistor.  It  is  evident  that  there  is  not  much  op- 
portunity for  further  reduction  in  cost  as  long  as  met- 


ric.   30 — TUBE-TYPE    RESISTOR 


als  are  used  for  resistance.  The  cast  grid  is  not  suit- 
able for  low  currents,  as  there  is  a  limit  below  which 
the  cross-section  of  the  material  cannot  be  made  and 
still  retain  sufficient  strength.  For  small  currents, 
therefore,  it  has  been  necessary  to  use  other  designs. 
For  instance,  imbedded  resistors  were  used.  These 
consisted  of  wire  spirals  imbedded  in  some  form  of 
cement  or  in  sand,  as  shown  in  Fig.  28.  A  consider- 
able degree  of  success  was  obtained  with  the  use  of 
these  but  it  was  found  that  a  simpler  form  could  be 

used.  In  the  or- 
der given,  the 
following  types 
have  been  de- 
signed  —  the 
bobbin-  type, 
shown  in  the 
c  o  n  t  r  o  Her  of 
Fig.  20,  the  bar- 
type,  shown  in 
Fig.  29,  the  tube 

FIG.  31— ENCLOSED-TYPE  RESISTOR  jj,pg^     shoWD     in 

Fig.  30,  and  the  enclosed  type,  shown  in  Fig.  31. 
It  is  interesting  to  note  that  the  later  forms  are  the 
perfection  in  detail  of  those  used  in  the  very  early 
applications. 

In  the  foregoing  paragraphs  only  the  high  spots 
in  the  evolution  of  control  apparatus  have  been  pointed 
out.  Outside  of  those  who  design  and  operate  con- 
trol apparatus  it  is  not  generally  known  how  difficult, 
diversified  and  important  the  problems  are.  The 
writer,  in  closing,  wishes  to  say  to  the  credit  of  those 
who  took  part  in  the  work  in  the  past,  as  well  as  those 
now  engaged  in  it,  that  their  efforts  deserve  a  promi- 
nent place  in  the  whole  field  of  electrical  engineering 
achievement. 


Control   Panels  for  Synchronous  Motors 


IT    LS 

I  equip  panels  for  syn- 
chronous  motors,  with 
an  oil  starting  switch  or 
-witches  to  connect  the  mo- 
inr  to  the  starting  leads  and 
line,  and  aftord  it  the  nec- 
'  --ary  protection  from  over- 
load and  failure  of  volt- 
age ;  a  field  switch  and  the 
necessary  rheostats  for  use 
in  connection  with  the  fields 
of  the  main  motor  and  ex- 
citer (if  a  separate  exciter 
is  employed)  ;  and  meter  equipment  to  register  the 
current,  voltage,  power-factor  or  kilowatt  values,  thus 
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usual    practice    to      providing  a    check  on  the    operation    of    the    motor. 

The  type  and  capacity  of  starting  switches  or  cir- 
cuit breakers  to  be  used  for  any  given  application  are 
dependent  on  their  current  carrying  and  arcing  capa- 
cities, as  well  as  their  ultimate  breaking  capacities. 
For  motors  of  moderate  size,  with  ordinary  current 
and  voltage  conditions,  a  double-throw  type  of  starter 
may  be  used.  For  large  current  and  high  voltages,  it 
is  necessary  to  use  a  starter  consisting  of  a  combina- 
tion of  circuit  breakers,  especially  designed  to  with- 
stand the  more  severe  conditions,  and  having  auxili- 
ary arcing  tips  and  heavy  contacts  to  earn,-  the  cur- 
rent. In  determining  the  ampere  rating  of  the  oil 
switch  to  be  used,  it  is  necessary  to  consider,  in  addi- 
tion to  the  normal  ampere  rating  of  the  motor,  the 
starting  current  that  will  be  required  to  start  the  load 
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to  which  the  motor  is  attached.  For  starting  a  light 
load,  such  as  a  motor-generator  outfit,  it  is  possible  to 
use  a  low  voltage  tap  on  the  starting  auto-transform- 
ers, with  a  consequent  low  starting  current.  The 
starter  in  this  case,  will  not  be  required  to  handle  as 
heavy  an  inrush  of  current  as  is  encountered  if  the 

motor  must  start 
a  heavy  load, 
such,  for  i  n- 
stance,  as  a  line 
shaft.  In  this 
latter  case,   the 


motor  will  prob- 
ably be  required 
to  exert  the  max- 
imum torque  of 
which  it  is  capa- 
ble ;  the  starting 
FIG.    I— A    FOUR    POLE,    DOUBLE    THROW   voltage  wiU  have 

STARTING      SWITCH      FOR      SYNCHRONOUS     ^q  ^^  high  EUd  the 
MOTORS 

startmg  current 
will  consequently  be  greater  than  when  a  low-voltage 
tap  is  used. 

There  is  always  the  possibility  that  a  short-circuit 
may  develop  in  the  circuit  beyond  the  starter,  in 
which  case  it  must  interrupt  a  heavy  current  of  a  size 
dependent  on  the  capacity  of  the  generating  station 
and  synchronous  apparatus  on  the  line  from  which 
the  motor  is  taking  power  and  the  reactance  intro- 
duced by  the  lines  and  transformers.  The  starter 
must,  therefore,  have  an  ultimate  breaking  capacity 
which  will  be  equal  to  the  short-circuit  current  it  must 
interrupt  should  a  short-circuit  develop,  unless  the 
feeder  circuit  breaker  and  relays  are  so  set  as  to  give 
selective  action;  in  which  case  the  motor  starting 
switch  or  circuit  breaker  will  have  a  definite  time 
limit  relay  or  an  inverse  time  limit  relay  with  a 
definite  minimum  limit,  and  the  feeder  circuit  breaker 
will  have  an  inverse  time  limit  relay.  The  motor 
starter  will  then  take  care  of  a  sustained  overload, 
while  the  feeder  circuit  breaker  will  open  under  the 

more  severe 
conditions  im- 
posed  by  a 
short-circuit. 

Of  the  two 
general  classes 
of  starting 
switches  used 
for  this  serv- 
ice,    the     first 

FIG.   2 — SWITCH    SHOWN    IN    FIG.    I    WITH    OIL     COUSistS      of       a 
TANK  AND  WALL  BRACKETS  REMOVED  foUr-Dole    doU- 

ble-throw  oil  circuit  breaker,  with  a  single  handle 
which,  when  in  one  position,  connects  the  motor  to 
the  line  through  the  starting  auto-transformer  and, 
when  in  the  other,  connects  the  motor  directly  across 
the  line  and  disconnects  the  auto-transformers,  as 
shown  in  Fig.  3. 


The  double-throw  starting  switch  is  arranged  for 
mounting  directly  on  the  panel,  but  remote  control  can 
be  used  if  considered  desirable  by  reason  of  high  volt- 
age or  for  other  reasons. 

The .  combination  circuit  breaker  type  of  starter 
consists  of  one  or  two  non-automatic  starting  circuit 
breakers  and  an  au- 
tomatic circuit 
breaker,  of  a  num- 
ber of  poles  to  suit 
the  phases  of  the 
circuits  from  which 
the  power  is  ob- 
tained, mounted  on 
a  self  -  supporting 
pipe  frame  -  work  "g.  3 
with  handles  on  the 


-DIAGRAM    OF    CONNECTIONS    FOH 
SWITCH    SHOWN   IN   FIG.    I 

The    connections    shown    are    for 
front    of    the    panel    three-phase  but  the  same  switch  can 
be    connected    for    two-phase    oper- 
ation. 


connected  to  the  in- 
dividual  circuit 
breakers  by  suitable  levers  and  connecting  rods.  When 
two  starting  circuit  breakers  are  used,  they  are  oper- 
ated in  tandem  from  a  single  handle.  The  handle  of 
the  starter  is  interlocked  mechanically  with  the  handle 
of  the  running  circuit  breaker,  so  that  the  starting 
handle  must  be  closed,  before  the  running  handle  can 
be  closed.  The  closing  of  the  starting  handle  connects 
the  motor  to  the  line  through  the  starting  auto-trans- 
formers and  the  closing  of  the  running  handle  con- 
nects the  motor  directly  to  the  line,  disengaging  the 
starting  handle  and  disconnecting  the  starting  auto- 
transformer  exactly  as  with  the  double-throw  switch. 
Overload  protection  is  provided  by  means  of  trip 
coils  which,  for  large  current  or  high  voltages,  require 


FIG.    4 — DOUBLE-THROW    CIRCUIT   BRE^AKER   TYPE   OF 
STARTING  SWITCH 

current  transformers.  To  keep  the  switch  from  trip- 
ping out  on  ordinary  overloads,  such  as  the  momen- 
tary rush  of  current  at  starting,  a  time  limit  of  the 
dashpot  or  disc  type  is  introduced,  the  time  interval 
varying  inversely  with  the  load.  Either  starter  trips 
independently  of  its  handle  so  that  it  cannot  be  held 
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closed  in  case  of  a  heavy  overload  or  short-circuit. 
Low  voltage  protection  can  be  provided  by  adding  a 
low  voltage  release  attachment  with  a  potential  trans- 
former for  the  higher  voltages. 

During  the  starting  of  a  synchronous  motor  it  is 
necessarj'  to  have  the  field  circuit  closed  on  itself,  as 


FIG.   5 — RE.\R  VIEW  OF   SWITCH    SHOWN   IN   FIG.   4 

otherwise  a  voltage  will  be  induced  in  it  by  the  trans- 
former action,  so  high  in  value  that  the  field  insulation 
may  be  affected.  When  the  mo- 
tor is  excited  from  a  separate 
source  of  power,  this  is  provid- 
ed for  by  connecting  in  the  field 
circuit  a  two-pole  double-throw 
field  switch,  having  its  two  lower 
studs  short-circuited.  While 
starting,  the  field  switch  is  con- 
nected across  the  short-circuited 
studs,  but  as  soon  as  the  motor 
reaches  full  speed  as  an  induc- 
tion motor,  the  switch  is  thrown 
over  so  as  to  excite  the  motor 
fields. 

For  motors  equipped  with  in- 
dividual exciters,  the  field  switch 
is  not  required,  as  their  fields 
can  be  connected  directly  to  the 
exciter  armature  and  field  rhe- 
ostat. The  field  is  thus  short- 
circuited  by  the  exciter  armature 
^  at  starting  and  its  excitation  is 

FIG.    6 — STARTING    PANEL  ''. 

FRONT  VIEW  gradually  increased  as  the  motor 

Showing  meter  equip-  speeds  up. 
ment    (field   and   main       Provision       for      the      motor 
line    ammeters),    rheo- 
stat handle,  field  switch  and      exciter      field      rheostats 
and  main  starting  jg     made     by     two     concentric 
switch.  .         .  ,       ,  ,  1 

hand     wheels     on     the     panel, 

one  of  which  operates  the  exciter  rheostat,  ordinarily 
mounted  on  a  tetrapod  back  of  the  panel,  and  the  other 
operates  the  motor  field  rheostat  through  a  chain  and 
sprocket.  In  some  cases  where  the  exciter  is  designed 
especially  to  meet  certain  definite  operating  conditions 
the  motor    rheostat    can    be    omitted.     For    instance. 


when  a  motor  is  to  be  applied  to  a  mechanical  load 
and  will  operate  at  practically  unity  power-factor  at 
all  times,  or  when  a  machine  is  to  operate  as  a  syn- 
chronous condenser  and  give  a  maximum  corrective 
effect  at  all  times,  verv'  little  change  in  excitation  is 
required,  and  this  only  to    meet    change    in    load  or 


FIG.    7 — WESTINGHOUSE    STARTING    PANEL    OF    THE    COMBINATION 
CIRCUIT   BREAKER   TYPE 

change  in  power- factor  on  the  motor  or  condenser 
respectively,  so  that  the  field  regulation  can  be  fur- 
nished by  the  exciter.  An  exciter  for  this  service  is 
designed  to  give  stable  operation  at  the  low  voltage 
which  may  be  required  by  this  necessary  regulation. 


FIG.  8 — REAR  VIEW  OF  PANEL   SHOWN   IN   FIG.   7 

Showing  mounting  and  location  of  circuit  breakers. 

The  meter  equipment  needed  is  determined  by  the 
application  of  the  motor  and  the  operating  conditions. 
For  motors  driving  mechanical  loads  only,  it  is  gen- 
erally desirable  to  furnish  an  alternating-current  am- 
meter to  indicate  the  total  armature  current  and  a 
field  ammeter  to  indicate  the  exciting  current.    These 
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meters  will  give  a  general  indication  of  the  thermal 
condition  of  the  windings  and  will  afford  a  means  of 
knowing  how  nearly  the  operating  conditions  approach 
the  limitations  of  the  motor  with  which  they  are  to  be 
used,  so  that  under  ordinary  conditions  they  are  all 
that  are  required.  If  the  motor,  in  addition  to  carry- 
ing its  mechanical  load,  is  used  as  a  synchronous  con- 
denser, it  is  usually  desirable  to  furnish  a  power-fac- 
tor meter  so  connected  as  to  indicate  the  power-factor 
of  the  system.  Indicating  wattmeters,  reactive-factor 
meters,  voltmeters,  watt-hour  and  other  meters  can  be 
furnished  to  meet  the  requirements  of  particular  op- 
erating conditions.     An  indicating  wattmeter  may  be 


used  to  show  what  portion  of  a  load  is  being  carried 
by  the  motor  when  it  is  used  to  assist  an  engine  or 
other  prime  mover.  A  reactive-factor  meter  will  indi- 
cate the  reactive  k.v.a.  furnished  by  the  motor  to  com- 
jjensate  for  the  low  power-factor  loads  of  induction 
motors  or  other  inductive  loads.  If  the  motor  is  to  be 
used  partly  or  wholly  as  a  condenser,  with  a  sufficient 
amount  of  reactance  in  the  line,  it  serves  to  regulate 
the  voltage  or  improve  the  regulation  of  the  line,  and 
in  this  case  a  voltmeter  will  indicate  whether  it  is  fur- 
nishing the  proper  amount  of  reactive  kilovolt-am- 
peres. 
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THE  SUCCESS  of  an  electric  hoist  depends  not 
only  upon  the  type  of  motor  used,  but  to  a 
large  extent  upon  the  type  and  arrangement 
of  control.     Mine  hoists  are  operated  by  both  alter- 
nating    and     direct-current 
motors,   there   being  parti  :- 
ular  fields  for  each. 

.VLTERNATING-CURRENT 
HOIST    MOTORS 

The  alternating-current 
motor     is   used    for   hoists 
I      -"^    ^^  of  any  size,  except  the  very 

I  i  ^^^^^^  largest.  The  three-phase, 
I  A^^^^^^^H  '^  cycle,  440  volt,  wound- 
[B^KK^K^  rotor  motor  is  best  adapted 
for  hoists  of  small  and  me- 
dium size,  and  2  200  volt 
motors  for  the  medium  and  larger  sizes.  For  motors 
up  to  TOO  horse-power,  drum-type  controllers  are 
generally  used.  For  motors  larger  than  100  horse- 
power, a  magnet  switch  type  of  controller  gives  bet- 
ter satisfaction,  since  the  repairs  are  excessive  on 
drum  type  controllers.  The  manual  labor  neces- 
sary to  operate  a  large  drum  controller  is  also  a 
detriment  to  the  use  of  this  type  for  motors 
larger  than  100  horse-power.  For  low  voltage 
motors  under  100  horse-power  the  drum  controller 
will  handle  satisfactorily  both  primary  and  secondary 
currents ;  but  for  all  high-voltage  motors  and  the 
larger  low-voltage  motors,  the  primary  of  the  alter- 
nating-current motor  is  controlled  by  magnet 
switches  arranged  for  reversing.  Oil  switches  were 
formerly  used  in  the  primary  circuit,  but  it  has  been 
found  inadvisable  to  use  oil  switches  where  the  fre- 
quency of  operation  is  greater  than  once  every  ten 
minutes.  With  magnetic  control,  the  number  of  sec- 
ondary switches  depends  upon  the  size  of  the  motor, 
fewer    switches    being    necessary    for    the    smaller 


motors.  The  magnet  switch  controller  is  particu- 
larly adapted  to  very  high-speed  cycles  where  the 
hoist  is  stopped  by  reversing  the  motor.  The  writer 
has  observed  a  hoist  operating  with  a  300  horse-power 
motor  from  a  depth  of  330  feet  with  the  following 
cycle : — Acceleration  six  seconds,  constant  speed  four 
seconds,  retardation  three  seconds,  the  maximum  rope 
speed  being  i  200  feet  per  minute.  With  a  drum 
type  controller  this  high-speed  operation  could  not  be 
kept  up  owing  to  the  effect  on  the  muscles  and  nerves 
of  the  operator. 

A  magnet  switch  control  panel  for  a  250  horse- 
power, three-phase,  60  cycle,  440  volt  hoist  is  illus- 
trated in  Fig.  I.  The  individual  switches  are  simple 
and  rugged  and  easily  accessible  for  inspection  and 
repairs.  Limit  switches  are  provided  to  prevent 
overloading  due  to  careless  operation  of  the  master 
controller.  The  master  controller  is  mounted  on  the 
hoist  platform  near  the  operating  position  and  carries 
only  the  control  circuits  of  the  magnet  switches. 
For  the  larger  hoists,  a  voltmeter  and  ammeter  are 
frequently  added  and  prove  of  great  assistance  to  the 
operator.  Fig.  2  shows  the  diagram  of  connections, 
the  oil  circuit  breaker  being  provided  with  no-voltage 
and  overload  release.  After  the  no-voltage  release  or 
overload  trip  has  operated,  the  master  controller 
handle  must  be  returned  to  the  "off"  position  before 
the  primary  switches  can  be  closed. 

Safety  Devices — .Safety  devices  are  essential  for 
the  successful  operation  of  a  mine  hoist,  and  the 
electric  hoist  lends  itself  to  the  application  of  safety 
devices  much  better  than  a  steam  hoist.  As  before 
mentioned,  the  main  oil  circuit  breaker  is  provided 
with  both  overload  and  no-voltage  release  which  will 
open  the  main  circuit  to  the  motor  in  case  of  over- 
load from  any  cause  or  failure  of  power.  Some 
method  must  be  provided  to  stop  the  hoist  auto- 
matically if  the  circuit-breaker  should  open.  This  is 
accomplished  by  means  of  a  brake  magnet  (indicated 
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m  the  wiring  diagram,  Fig.  2)  connected  across  one 
of  the  phases  on  the  motor  side  of  the  circuit  breaker 
which  when  energized  holds  up  a  weight.  When 
power  is  cut  otY  from  the  magnet,  the  weight  drops, 
tripping  a  latch  wiiicli  holds  a  larger  weight.  This 
weight  is  connected  to  the  brake  system  so  that  when 


FIG.     I CONTROL    PANEL     FOR    A     250     HORSE-POWER     HUL^l      MOTOR 

the  weight  dro]).s  the  brakes  are  applied.  From  the 
above  it  will  be  seen  that  the  emergency  brakes  will 
be  applied  if  there  is  failure  of  power  from  any 
cause. 

In  hoisting  there  is  always  the  danger  of  the 
operator  misjudging  or  forgetting  to  turn  power  off 
soon  enough,  resulting  in  the  cage  running  into  the 
head  sheave  and  wrecking  the  hoist.  A  geared  limit 
switch  can  be  provided,  as  shown  in  Fig.  2,  geared  to 
the  main  drive,  which  will  open  the  main  circuit 
breaker  if  the  cage  travels  a  certain  distance  beyond 
the  landing  stage.  This  is  generally  accomplished  by 
short-circuiting,  or  opening  the  no-voltage  release  cir- 
cuit. Very  often  the  head  sheaves  are  only  a  short 
distance  above  the  landing  stage  so  that  it  would  be 
impossible  to  stop  the  hoist  if  the  cage  were  to  reach 
the  landing  stage  at  full  speed.  Consequently  the 
geared  limit  switch  would  be  of  little  value  unless  a 
positive  slow  down  can  be  obtained  which  will  insure 
the  cage  running  at  a  comparatively  slow  speed  when 
arriving  at  the  landing  stage.  This  can  be  accom- 
plished by  providing  extra  contacts  on  the  geared 
limit  switch  which  will  cause  all  secondary  switches 
to  open  at  a  predetermined  point  in  the  shaft,  insert- 
ing the  total  resistance  in  the  secondary  circuit  and 
causing  the  hoist  to  slow  down.  If  the  cage  should 
happen  to  overwind,  the  second  set  of  contacts  on  the 
geared  limit  switch  will  open  the  main  circuit  breaker 
and  stop  the  hoist  by  means  of  the  brake  magnet. 

With  unbalanced  hoisting,  or  lowering  loads, 
where  the  inotor  is  running  above  synchronous  speed 
and  is  returning  energy  to  the  line,  this  type  of 
geared  limit  switch  may  cause  trouble,  since  intro- 
ducing resistance  into  the  secondary  will  cause  the 
speed  to  increase  instead  of  decrease.  For  such  cases 
a  more  reliable  geared  limit  switch  is  furnished  by 
some  hoist  builders  along  the  line  of  the  Welch  safety 


device  for  steam  hoists.  This  consists  of  an  ordinary 
fly-ball  governor  which  is  connected  to  a  geared  limit 
switch  in  such  a  manner  that  if  the  speed  is  above  a 
certain  value  at  a  certain  predetermined  point  in  the 
shaft,  the  main  circuit  breaker  will  be  opened  and  the 
brake  applied.  This  device  can  also  be  used  to  prevent 
too  high  a  rate  of  acceleration.  Its  operation  depends 
entirely  on  speed  and  is  independent  of  the  load.  If 
the  operator  starts  up  too  fast  or  forgets  to  slow  down 
at  the  proper  time,  this  geared  limit  switch  will  oper- 
ate and  stop  the  hoist.  A  rule  which  should  always 
be  applied  to  the  design  of  safety  devices  is  that  elec- 
tric current  should  never  be  depended  upon  to  operate 
the  device,  but  that  the  device  is  to  depend  on  the 
openrng  of  a  circuit  or  the  failure  of  a  circuit.  The 
brakes  depend  on  gravity  which  is  much  more  re- 
liable than  electric  power  or  compressed  air.  A 
geared  limit  switch  should  always  be  arranged  so  that 
in  case  the  hoist  overwinds  it  will  then  be  impossible 
for  the  operator  to  start  the  hoist  in  the  wrong  di- 
rection. Hatchway  limit  switches  may  also  be  pro- 
vided, which  work  from  the  cage  itself  and  not  from 
the  drum. 

A  very  popular  method  of  controlling  alternat- 
ing-current hoist  motors  is  by  means  of  a  liquid  rheo- 
stat in  the  secondary,  the  primary  being  controlled  by 
magnet  switches.  The  liquid  rheostat  has  the  ad- 
vantage of  simplicity,  low  cost,  low  maintenance  and 
smooth  acceleration.  Automatic  acceleration  is  pro- 
duced by  controlling  the  flow  of  the  electrolyte  in  the 
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FIG.    2 — DIAGRAM    OF    CONXF-CTIOSS    FOR    A    HOISTING    OUTFIT 
DRI\"EN   BY   A^f   ALTERN.\TIXG-CURREXT   MOTOR 

heavy  duty  type  and  using  a  dashpot  in  the  light  duty 
type.  The  heavy  duty  tj'pe  has  had  frequent  applica- 
tions in  this  country,  while  the  light  duty  type  has 
been  largely  confined  in  its  application  to  European 
countries.  The  liquid  rheostat  is  particularly  well 
adapted  to  large  hoist  motors  since  the  size  and  num- 
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ber  of  the  secondary  switches  and  resistors  make  the 
cost  of  the  magnetic  control  prohibitive. 

DIRECT-CURRENT   HOISTS 

For  direct-current  hoists  of  small  and  medium 
sizes,  series  or  compound  motors  are  generally  in- 
stalled.    A  drum  controller  can  be  used  up  to  about 
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FIG.    3 — DI.\GRAM    OF    CONNECTIONS    FOR    A    HOISTING    OUTFIT 
DRIVEN   By   A   DIRECT-CURRENT    MOTOR 

lOO  horse-power,  250  volts,  and  200  horse-power,  500 
volts,  above  which  magnetic  switch  control  should  be 
used.  Dynamic  braking  can  easily  be  applied  when 
stopping  or  lowering  unbalanced  loads.  Where  the 
load  is  liable  to  overhaul  the  winding  drum  a  series  or 
compound  motor  is  unsafe,  as  dangerous  speeds  may 
easily  be  attained. 

For  the  larger  hoists,  when  high  speed  and  fre- 
quent service  is  desired,  the  Ward-Leonard  or  the 
Ilgner  system  should  be  used,  depending  on  the  con- 
dition of  the  power  system.  In  the  Ward-Leonard 
system,  the  hoist  motor  is  a  direct-current,  separately 
excited  motor,  taking  its  power  from  a  separately  ex- 
cited generator  which  is  in  turn  driven  by  a  syn- 
chronous or  induction  motor.  The  exciter  supplies  a 
constant  voltage  for  all  the  fields.  The  controller 
handle  has  a  central  position  and  a  movement  in  a 
forward  or  reverse  direction  will  cause  the  hoist 
motor  to  operate  in  the  direction  desired.  A  refer- 
ence to  the  diagram  of  connections,  Fig.  3,  will  show 
that  the  armature  in  the  generator  of  the  motor-gen- 
erator set  is  connected  electrically  to  the  armature  of 
the  hoist  motor,  and  the  motor  for  driving  the  set  is 
connected  to  the  line  through  the  usual  protective 
devices. 

The  operation  of  the  equipment  is  as  follows:— 
When  the  hoist  motor  is  in  the  "off"  position,  no  cur- 
rent is  flowing  through  the  generator  field  and  conse- 
quently no  power  is  delivered  to  the  hoist  motor.  The 
hoist  motor  is,  however,  continually  excited,  and  dur- 
ing operation  the  direction  or  strength  of  the  motor 
field  is  not  changed.  When  the  field  controller  is 
moved  either  to  one  side  of  the  neutral  or  the  other, 
the  generator  field  is  excited,  the  strength  of  the  ex- 
citation depending  upon  the  movement  of  the  con- 
troller lever.     As  the  generator  is  excited,  the  arma- 


ture voltage  will  increase  and  the  hoist  motor  will 
revolve  in  either  one  direction  or  the  other,  depend- 
ing upon  the  direction  of  the  generator  field  excita- 
tion. The  speed  at  which  the  hoist  motor  runs  is 
practically  proportional  to  the  armature  voltage  of 
the  generator.  The  only  rheostatic  loss  when  start- 
ing the  hoist  motor  is  that  in  the  field  controller  of  the 
generator,  but  as  the  current  flowing  through  the 
field  circuit  is  veiy  small  in  proportion  to  the  arma- 
ture circuit,  the  loss  is  negligible.  One  of  the  most 
important  advantages  of  this  arrangement  is  that  it  is 
possible  to  run  the  hoist  at  any  speed  from  zero  to  the 
maximum  without  rheostatic  loss,  and  at  the  same 
time  it  is  possible  to  handle  the  largest  equipment 
met  with  in  practice  without  interrupting  the  main 
circuit.  The  speed  at  which  the  hoist  motor  runs  is 
practically  independent  of  the  load,  and  depends  only 
upon  the  voltage  across  the  armature  of  the  motor. 
When  it  is  necessary  to  lower  loads,  the  speed  can  be 
controlled  by  electric  braking,  as  the  motor  in  this 
case  operates  as  a  generator  and  supplies  energy  to 
the  motor-generator  set,  which  returns  power  to  the 
line.  Whether  the  load  is  being  hoisted  or  lowered, 
the  speed  is  practically  proportional  to  the  throw  of 
the  controller  handle.  If  the  hoist  is  retarded  at  a 
quicker  rate  than  would  be  the  case  if  it  would  drift, 
electric  braking  automatically  takes  place,  the  energy 
being  returned  to  the  motor-generator  set.  The  rheo- 
static ■  losses  are,  therefore,  not  only  avoided  when 
starting,  but  also  when  braking.  When  the  handle  of 
the  controller  is  turned  to  the  "off"  position,  elec- 
trical connection  is  made  from  the  armature  of  the 
generator  through  its  shunt  field  in  such  a  manner  as 
to  buck  the  residual  magnetism.  This  is  done  in 
order  that  time  may  be  saved  in  building  up  the  field 
in  the  reverse  directon  should  it  be  desired  to  reverse 
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FIG.   4 — ARRANGEMENT  OF  CAMS   AND   LEVERS    FOR  RETARDING   THE 
HOIST  AUTOMATICALLY 

the  motor,  and  to  prevent  idle  currents  from  flowing 
through  the  armature  circuits  due  to  the  voltage  gen- 
erated by  this  residual  magnetism.  This  current  may 
amount  to  65  percent  of  full-load  current  and  will 
cause  considerable  heating  as  well  as  a  tendency  to 
creep. 

Retarding  Device^Tht  Ward-Leonard  system 
lends  itself  very  nicely  to  the  application  of  a  very 
simple  and  rugged  slow-down  device.     From  the  de- 
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scription  of  the  operation  of  the  equipment,  it  will  be 
seen  that  the  speed  at  which  the  hoist  motor  runs  is 
practically  proportional  to  the  armature  voltage  and 
the  resistance  steps  of  the  field  controller  are  so  ar- 
ranged that  the  throw  of  the  controller  handle  is  prac- 
tically pro[)ortional  to  the  speed.     A  simple  arrange- 
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FIG.    5 — HOISTING    CURVES,    SHOWING    OPERATION     OF 
RETARDING  DEVICE 

ment  of  cams  with  the  necessary  operating  levers  for 
connecting  the  controller  handle  makes  it  possible  to 
retard  the  hoist  automatically  as  it  approaches  the 
surfa(?fe.  Referring  to  Fig.  4,  it  will  be  seen  that  the 
raised  portion  of  the  cam,  which  is  brought  under 
the  roller  A  as  it  approaches  the  surface,  causes  the 
controller  lever  to  be  brought  to  the  "ofif"  position, 
and  the  rate  at  which  the  lever  moves  is  controlled  by 
the  curvature  of  the  cam.  As  it  makes  no  difference, 
so  far  as  speed  is  concerned,  what  load  there  is  on 
the  hoist  motor,  it  will  be  seen  that  this  provides  a 
positive  arrangement  for  slowing  down  the  hoist  un- 
der all  conditions  as  the  cage  approaches  the  surface. 
If  the  load  is  being  lowered  and  the  hoist  motor  is 
being  run  as  a  generator,  its  speed  still  varies  with 
the  throw  of  the  controller  lever,  so  that  the  motor 
slows  down  independently  of  the  mechanical  brakes. 
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FIG.    6 — DIAGRAM    OF    CONNECTIONS    OF    THE    ILGNER    SYSTEM 
OF    HOISTING 

The  cams  are  so  arranged  that,  when  starting, 
the  thow  of  the  controller  is  limited  and  the  starting 
current  is  regulated  independently  of  the  operator. 
As  the  hoist  motor  accelerates,  the  throw  of  the  con- 
troller can  be  increased  until  full  speed  is  gradually 
attained.    This  device  is  extremely  simple  in  its  action 


and  has  an  advantage  over  the  usual  safety  device  in 
that  it  is  used  every  time  the  hoist  is  operated  and  is 
therefore  always  in  a  serviceable  condition.  The 
construction  of  the  cams,  their  driving  mechanism 
and  their  connecting  levers  and  rods  depends  upon 
the  construction  of  the  hoibt,  and  the  controller  is  so 
arranged  that  it  can  be  connected  up  very  readily  in 
the  manner  shown  in  Fig.  4.  Fig.  5  shows  the  re- 
sults of  tests  made  on  equipment  under  various  oper- 
ating conditions  and  indicates  how  the  hoist  was 
brought  to  the  rest  position  independently  of  the 
operator.  It  will  be  noted  in  these  tests  that  the  me- 
chanical brakes  were  not  applied,  but  that  the  con- 
troller lever  was  brought  to  such  a  position  that  only 
sufficient  current  flowed  through  the  armature  to  bal- 
ance the  load  due  to  the  hoist.  These  tests  were 
made  by  bringing  the  hoist  to  full  speed  and  allowing 
it  to  come  to  the  rest  position  without  any  attention 
whatever  from  the  operator.  Although  this  accelerat- 
ing and  retarding  device  has  not  been  used  to  any 
great  extent  in  the  United  States,  a  large  number  are 
in  successful  operation  in  Europe. 

Overload  Protection — An  overload  relay  is  pro- 
vided in  the  armature  circuit,  which  operates  a  circuit 


FIG.     7 — RESULTS    OF    TEST    ON    THE    ILGXER    SYSTEM 

breaker  in  the  generator  field.  This  circuit  breaker 
is  of  the  two-pole  type,  one  pole  of  which  opens  the 
generator  field  and  the  other  opens  the  brake  magnet 
circuit.  If  the  hoist  is  overloaded,  the  excitation  is 
cut  off  from  the  generator,  and  at  the  same  time,  the 
armature  of  the  brake  magnet  falls,  causing  the  main 
brakes  to  be  applied.  If,  for  any  reason,  (such  as  the 
cage  being  stuck  or  careless  operation)  an  excessive 
overload  is  thrown  on  the  machines,  current  will  be 
cut  off  and  the  brakes  applied  independently  of  the 
operator.  This  circuit  breaker  is  located  close  to  the 
operator,  so  that  the  circuits  may  readily  be  reestab- 
lished when  the  overload  conditions  are  removed. 
The  circuit  breaker  can  also  be  tripped  by  hand,  so 
that  it  can  be  used  to  operate  the  emergency  brakes 
in  case  some  obstruction  prevents  the  free  movement 
of  the  controller.  If  the  exciting  circuit  for  the  hoist 
motor  is  interrupted,  the  brakes  are  applied  and  the 
excitation  of  the  generator  is  shut  off.  The  brake 
magnet  has  a  capacity  of  100  inch-pounds  and  a 
travel  of  1.5  inches.  It  can  be  used  to  operate  either 
an  exhaust  valve  in  the  case  of  air-operated  dead 
weight  brakes,  or  a  latch  in  the  case  of  dead  weight 
emergency  brakes. 
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The  Ilgner  system  is  an  extension  of  the  Ward- 
Leonard  and  ii  used  where  it  is  desired  to  keep  peak 
loads  off  the  power  system.  The  extension  consists 
of  the  addition  of  a  flywheel  and  slip  regulator,  the 
flywheel  absorbing  or  giving  up  power  through  the 
action  of  the  slip  regulator,  which  is  connected  in  the 
secondary  of  the  alternating-current  motor.  This 
motor  is  usually  much  smaller  than  would  be  neces- 
sary when  using  the  Ward-Leonard  system. 

As  shown  in  Fig.  6,  the  motor  for  driving  the  set 
is  connected  to  an  incoming  line  through  the  usual 
protective  devices,  the  rotor  circuit  being  connected 
to  the  automatic  slip  regulator.  The  exciter  supplies 
a  constant  voltage  for  exciting  the  generator  and  hoist 
motor.  The  operation  of  the  equipment  is  as  fol- 
lows:— Assuming  the  set  is  running  at  full  speed  and 
the  field  controller  is  in  the  "off"  position,  the  hoist 
motor  will  be  at  rest,  as  there  will  be  no  current  flow- 
ing  through   the   armature   circuit ;   the   motor,   how- 


of  the  regulator  is  reversed  and  the  difference  be- 
tween the  output  of  the  induction  motor  and  the  input 
to  the  generator  is  stored  in  the  flywheel,  the  speed  of 
the  set  being  thereby  increased.  A  voltage  regulator 
is  supplied,  which  automatically  maintains  the  voltage 
of  the  exciter  constant,  independent  of  the  speed.  This 
equipment  enables  the  input  to  the  hoist  to  be  main- 
tained practically  constant  at  the  average  value  re- 
gardless of  the  jjeak  load  of  the  hoist  when  starting. 
The  large  fluctuation  which  takes  place  on  the  hoist 
motor  and  the  correspondingly  small  fluctuation  which 
takes  place  on  the  power  system  is  shown  in  Fig.  7. 
One  of  the  most  important  advantages  of  this  ar- 
rangement is  that  it  is  possible  to  run  the  hoist  at  any 
speed  without  rheostatic  loss  and,  furthermore,  the 
speed  will  remain  practically  constant,  independent 
of  the  load  or  position  of  the  cage  in  the  shaft.  When 
it  is  necessary  to  lower  loads,  the  speed  can  be  con- 
trolled by  electric  braking,  as  the  motor  in  this  case 


FIG.    8 — WESTIX&HOUSE    FLY-WHEEL    SET   FOR   A    HOIST    MOTOR 


ever,  will  be  fully  excited.  If  the  generator  field  is 
gradually  excited,  the  voltage  of  the  armature  circuit 
will  increase  and  the  hoist  motor  will  start  to  revolve, 
its  direction  depending  upon  the  direction  of  the  gen- 
erator field  excitation.  At  the  start,  the  load  of  the 
generator  is  greater  than  the  average  over  the  hoist- 
ing cycle  and  the  automatic  slip  regulator  enables  the 
flywheel  to  supply  the  dift'erence  between  the  average 
generator  input,  which  is  carried  by  the  induction 
motor,  and  that  necessary  when  starting.  The  auto- 
matic slip  regulator  is  so  arranged  that  when  the 
current  in  the  primary  circuit  of  the  induction  motor 
exceeds  the  average  value,  the  resistance  is  auto- 
matically inserted  in  the  rotor  circuit,  so  as  to  enable 
the  speed  of  the  set  to  decrease  and  a  portion  of  the 
energy  in  the  flywheel  to  be  given  up.  The  rate  at. 
which  the  speed  in  the  set  is  decreased  depends  upon 
the  difference  between  the  input  of  the  generator  and 
that  required  when  starting.  When  the  load  of  the 
generator  decreases  below  the  average,  the  operation 


operates  as  a  generator,  and  supplies  energy  to  the 
direct-current  machine  of  the  flywheel  set.  This 
causes  energy  to  be  stored  in  the  flywheel  and  after 
the  speed  of  the  set  reaches  a  value  slightly  above 
synchronism,  energy  may  be  returned  to  the  line.  If 
the  armature  voltage  is  reduced  at  a  quicker  rate 
than  the  speed  of  the  motor  would  decrease  if  it  was 
allowed  to  drift,  electrical  braking  automatically 
takes  place,  the  energy  being  returned  to  the  flywheel. 
Fig.  8  illustrates  a  i  cxdo  kw  flywheel  motor-generator 
set,  which  supplies  power  to  a  1 200  horse-power 
direct-current  hoist  motor. 

The  field  controller  generally  consists  of  a  large 
face-plate  controller,  but  for  the  larger  hoists,  mag- 
net switches  can  easily  be  substituted  and  a  master 
controller  supplied.  The  use  of  magnet  switches 
permits  of  the  use  of  current  relays  which  will  pre- 
vent the  hoist  motor  from  being  overloaded  by  care- 
less operation  of  the  controller  by  keeping  the  ac- 
celerating current  down  to  a  definite  maximum  value. 


The  Control  of  Induction   Motors  for 
Rolling  Mill  Drive' 


Wilfred  Sykes  ,\ki>  G.  K.  Stoltz 

General  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


IT  IS  the  intention  in  this  article  to  deal  only  with 
the  control  of  large  induction  motors  driving  main 
rolls  and  to  briefly  review  the  requirements  of 
such  controllers.    The  functions  of  the  controller  are 

to  start  the  motor  properly 
so  as  to  protect  it  during 
the  starting  period,  and 
also  to  maintain  the  current 
at  a  minimum  value  con- 
sistent   with    the    required 
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starting  conditions;  to  pro- 
tect the  motor  properly 
during  operation  ;  to  insure 
that  the  motor  operates  un- 
der the  best  conditions  for 
the  mill,  motor  and  power 
supply. 

Due  to  the  large  inertia 
of  the  rotating  parts  of  the  mill  drive,  it  is 
very  easy  to  overload  the  motor  during  the 
starting  period,  and  for  this  reason,  it  is  cus- 
tomar}-  with  larger  machines  to  provide  automatic  ac- 
celeration by  which  the  current  is  limited  to  a  prede- 
termined value.  This  makes  it  impossible  for  a  care- 
less operator  to  cause  any  injury  to  the  apparatus. 
This  scheme  presents  no  particular  advantage  over  a 
manually  operated  controller  where  careful  attendants 
are  employed  and  where  the  motor  is  started  from 
the  controller  panel.  In  a  number  of  cases,  therefore, 
simpler  controllers  have  been  used,  consisting  of 
switches  mounted  on  a  panel,  which  cut  out  steps  of 
the  resistance.  A  controller  of  this  type  for  starting 
rolling  mill  motors  is  shown  in  Fig.  i.  The  first  ten 
switches,  in  this  case,  are  single  pole  and  they  cut  out 
sections  of  the  resistance  in  alternate  legs.  The  last 
three  switches  are  double  pole  and  are  used  for  run- 
ning positions.  By  making  the  switches  double  pole, 
the  resistance  during  running  is  balanced ;  consequent- 
ly the  divisions  of  the  rotor  current  are  equalized.  A 
contro'ler  of  this  type  is  provided  with  an  ammeter 
and  two  oil  circuit  breakers,  one  for  the  forward  run- 
ning position  and  one  for  the  reverse.  The  resistance 
switches  and  the  oil  circuit  breakers  are  all  mechanic- 
ally interlocked  so  that  they  can  be  operated  only  in 
the  correct  sequence.  This  type  of  control  is  extremely 
simple  and,  for  cases  where  remote  control  is  not  re- 
quired, has  proven  very  satisfactorv'.    The  absence  of 
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*From  a  paper  presented  at  the  eighth  annual  convention 
of  the  Association  of  Iron  and  Steel  Electrical  Engineers, 
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all  electrical  interlocks  and  the  small  number  of  parts 
make  such  a  controller  very  desirable  from  an  operat- 
ing standpoint. 

The  secondary  switches  of  such  a 
automatic  acceleration  and 
remote  control  are  shown 
in  Fig.  2.  These  switches 
are  all  of  the  two-pole  type 
closed  by  an  alternating-cur- 
rent magnet,  each  switch 
being  provided  with  its  own 
accelerating  relay.  Their 
operation  is  controlled  by 
a  master  switch  with 
the  same  number  of  points 
as  there  are  sv^ches.  The 
last  two  or  three  switches 
to  be  closed  may  be  used  as 

running  points  to  insert  various  amounts  of  resistance 
in  the  rotor  circuit.  The  individual  switches  may  be 
closed  one  at  a  time  from  the  master  switch,  or  the 
latter  may  be  placed  in  the  "full-on"  position  and  their 
operation  will  be  controlled  by  the  accelerating  relays. 
These  relays  limit  the  current  between  certain  definite 
values  during  the  starting  period,  these  values  being, 
of  course,  adjustable  to  existing  conditions.  The  ob- 
ject of  using  individual  relays  is  to  simplify  the  con- 
troller, avoiding  all  interlock  wiring  and  the  multiplic- 
ity of  small  contacts  which  were  common  in  some  of 
the  early  controllers. 

The  primary  control  consists  simply  of  a  feeder 
panel  with  the  necessary  instruments  and  oil  switches 
for  the  running  and  reversing  positions.  These  oil 
switches  may  be  hand  operated  or  electrically  operated, 
depending  upon  their  location  with  respect  to  the 
master  switch.  When  motors  of  more  than  one  speed 
are  used,  it  is  customary  to  arrange  the  pole  changer 
in  the  form  of  a  drum  switch.  This  is  much  more  com- 
pact and  is  a  simpler  arrangement  than  would  be  the 
case  if  magnetic  switches  were  used  for  this  purpose, 
and  as  the  speeds  are  not  as  a  rule  changed  during 
operation,  there  is  no  necessity  for  making  the  pole 
changer  automatic  to  be  controlled  by  the  master 
switch.  In  some  cases  this  has  been  done,  however,  a 
small  motor  being  used  to  revolve  the  drum. 

An  entirely  different  tjpe  of  secondary  control  for 
rolling  mill  motors  is  shown  in  Fig.  3.  This  controller 
is  of  the  liquid  type  and  is  arranged  for  automatic  ac- 
celeration and  for  regulating  the  speed,  if  required, 
during  operation.  Fig.  4  shows  diagrammatically 
construction  of  this  controller.     The  motor. 
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shown  mounted  on  the  tank,  is  an  ordinary  induction 
machine,  which  is  connected  to  the  line  through  a 
three-phase,  series  transformer,  the  current  flowing 
through  the  windings  of  the  motor  being  proportional 

to  the  current  in  the 
line.  The  motor  slip 
rings  are  connected 
to  three  fixed  elec- 
trodes at  the  bottom 
of  the  three  earthen- 
ware pots  shown  in 
Fig.  3.  Directly  above 
these  fixed  electrodes 
are  three  moving 
electrodes  which  are 
electrically  and  me- 
chanically connected 
together  and  which 
are  supported  from 
the  arms  mounted  on 
the  motor  shaft.  At 
the  opposite  end  of 
the  arms,  counter- 
weights are  provided 
which  p  r  a  c  t  i  c  a  lly 
counterbalance  the 
weight  of  the  moving 
electrodes.  The 
torque  motor  is  so 
connected  that  it  has 
a  tendency  to  revolve 
the  moveable  elec- 
current     the    torque 


FIG.  I — MANUALLY  OPERATED  CON- 
TROL FOR  ALTERNATING-CURRENT 
ROLLING    MILL   MOTORS 
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FIG. — 2     MAGNET     SWITCH     CONTROL     FOR     ALTERNATING-CURRENT 
ROLLING    MILL   MOTORS 

of  this  motor  plus  that  due  to  the  counter- 
weights, is  just  sufficient  to  balance  the  weight  of  the 
moving  electrodes.  An  increase  in  the  current  will 
upset  this  balance  causing  the  electrodes  to  separate, 
or  a  decrease  will  allow  them  to  approach  the  fixed 


electrodes.  Before  the  motor  is  started,  the  moveable 
electrodes  are  held  in  the  highest  position.  When  they 
are  released  they  will  approach  the  fixed  electrodes 
until  the  current  reaches  the  value  at  which  the  torque 


FIG.    3 — AUTOMATIC    SLIP    REGULATOR    FOR    CONTROLLING   THE    SEC- 
ONDARY OF  AN  ALTERNATING-CURRENT  ROLLING  MILL  MOTOR 

of  the  motor  plus  that  of  the  counterweights  just  bal- 
ance the  weight  of  the  electrodes.  The  motor  in  the 
meantime  is  accelerating  and  the  rotor  current  has  a 
tendency  to  decrease  so  that  the  moving  electrodes  tend 
to  fall.  Any  decrease  in  the  distance,  between  the  elec- 
trodes, however,  causes  a  reduction  in  the  resist- 
ance and  consequently  the  electrodes  fall  at  such  a  rate 
as  to  maintain  the  balance  mentioned  above.  In  this 
way  automatic  acceleration  is  provided  for,  the  current 
being  maintained  at  practically  a  constant  value  during 
the  whole  starting  period.  The  primary  control  used 
with  a  liquid  starter  is 
the  same  as  that  for  the 
ordinary  magnet  switch 
controller. 

Particular  attention  is 
drawn  to  the  simplicity 
of  the  three  controllers 
mentioned.  The  differ- 
ence between  these  con- 
trollers and  those  that 
were  commonly  used  a 
few  years  ago  for  large 
rolling  mill  motors  is  very 
marked.  It  is  believed 
that  more  difficulties  have 
occurred  in  rolling  mills  due  to  complicated  controllers 
than  to  faults  in  the  motors,  and  for  this  reason,  mod- 
ern practice  aims  at  simplicity,  preserving  at  the  same 
time  the  desirable  features  of  the  older  types.  The  en- 
tire absence  of  interlocks  with  a  multiplicity  of  con- 
tacts is  a  great  step  forward  and  avoids  many  of  the 
difficulties  encountered  with  the  other  controllers.  This 
question  of  simplicity  in  controllers  is  of  such  impor- 
tance that  particular  attention  should  be  drawn  to  it 
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FIG.  4 — D  lAGRAMMATlC 
SKETCH  OF  AUTOMATIC 
SLIP    REGULATOR 
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and,  in  new  layouts,  the  avoidance  of  automatic  opera- 
tion, remote  control  and  all  features  that  can  just  as 
well  be  hand  operated,  should  be  given  careful  con- 
sideration. It  is  possible  to  do  almost  anything  with 
controllers  in  the  way  of  automatic  control  and  remote 
operation,  but  the  desirability  of  such  arrangements 
for  steel  mill  work  is  questionable.    In  cases  where  it 


the  relay  at  such  a  value  as  to  protect  the  motor  from 
long  continued  overloads  of  a  moderate  amount,  as 
the  circuit  breaker  should  only  come  out  in  the  case 
of  an  overload  of  such  an  amount  that  the  motor  is 
likely  to  be  injured  in  a  few  moments.  Rolling  mill 
motors  must  carry  high  momentary  peaks  and  it  is 
difficult  to  protect  them  against  overloads.     Most  of 


— 

— 

— 



1  1         !  1  1  ,  1 

1 

r~ — ' — ^ 

1  '  ; 

■r  ■ 

1     i     ' 

!    ,         '                 1 

- 

oa 

!   1 

'    ■ 

a 

1  ' 

:    I    ; 

— f-1 

i    1    !    M   M    1 

" 

1    '               '     1 

1 

~ 

' 

~ 

' 

— 

- 

wo 

n            i 

- 

~ 

~ 

~ 

i 

1 

_ 

MQ 

^ 

~ 

■"■ 

~ 

ill 

~ 

~ 

' 

< 

~~' 

!     1 

" 

~1 

i 

;         '     '     I 

~ 



f 

'n 

1     1 

■  I~ 

1     I 

— r- 

i 

TOO 

r 

1     ! 

n 

i- 

4h 

MQ 

1 

1 

'  1  1 

1 

I 

sw 

_] 

i  1  1 

,    1 

1 

'-; 

\ 

«on 

^ 

III! 

ji 

1 

\ 

"^ 

1    1    1 

- 

"~j 

1     i     i 

1 

1 

, 

■ 

'    i 

] 

1    1 

1 

1 

1 

:    ' 

W: 

1    1 

— 

00 

1    ' 

1 

' 

1 

«             t 

■j   ■   ■  ■       '  [                   '  ' 

1     ■ 

'   1 

i  ■  51  !!       in-| 

,  J 

s— 

J^^JUJJ 

L.^-         -._::._.:.                     ...                                                                        ■     :     i         l.' ".!:.«            U.-,    t                     cm^ 1 

1   t   1    1    1    1  V  !    1    1    1  =?  1   i    1    1  ¥  i    ,    i    ,  Y  ,    ,    ,    ,  V  IS.*-*  ,  f  ,    ,    ;    ,  V  ,    ,    ,    ,  ?  M    1    1  'P  1    1    1   1  "J"  ,    ,    .    ,  -  ,    ,    .   1  '»  M 

FIG.    5 — ^THEORETICAL  LOAD   CYCLE  OF   .\   MILL    MOTOR 


is  necessary  for  a  skilled  control  engineer  to  spend 
several  days  in  order  to  straighten  out  interlock  wir- 
ing, relay  operation,  etc.,  it  is  obvious  that  such  a  con- 
troller must  have  many  points  of  weakness  and  must 
eventually  lead  to  trouble.  The  motors  for  driving 
mills  have  been  brought  to  such  a  state  of  perfection 
that,  except  under  extraordinary  conditions,  trouble 
seldom,  occurs,  and  the  aim  now  should  be  to  so  sim- 
plify the  controllers  that  they  will  be  as  reliable  as  the 


the  motors,  however,  are  arranged  to  withstand  25 
percent  overload  continuously  and,  by  proper  atten- 
tion to  the  instruments,  little  trouble  is  usually  en- 
countered due  to  the  lack  of  such  protection.  To  pro- 
tect the  mill  properly,  it  is  at  times  necessary  to  stop 
the  motor  rapidly,  and  in  the  past  various  schemes 
have  been  used  for  this  purpose.  In  several  instances 
the  stator  of  the  motor  has  been  disconnected  from 
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CURVES    SHOWIXC  THE  EFFECT  OF   MAGNET   SWITCHES 


FIG.  6 — CURVX   SHOWING  THE  DEVELOPMENT  OF  STORED   ENERGY  IN 
THE   FLYWHEEL   WITH    INCREASING    SPEED 

motors.    Unfortunately  this  cannot  be  said  of  the  ma- 
jority of  controllers  supplied  in  the  past. 

For  the  protection  of  the  motors  during  starting 
and  operation,  overload  and  no-voltage  relays  are 
usually  provided  on  the  circuit  breaker.  In  addition, 
instruments  are  provided  so  that  the  load  on  the  ma- 
chines may  be  noted  and  any  extraordinary  conditions 
that  arise  can  readily  be  controlled.  In  the  case  of 
the  overload  protection,  it  is  usually  impossible  to  set 


the  alternating-current  circuit  and  excited  with  direct 
current,  the  rotor  being  connected  across  the  resist- 
ance. The  motor,  in  this  case,  acts  as  a  synchronous 
generator,  power  being  generated  in  the  rotor  which 
is  dissipated  in  the  resistance,  and  the  motor  is  there- 
by brought  to  rest  quickly.  This  arrangement  is  not 
altogether  ideal  as  very  careful  adjustment  is  neces- 
sarv'  to  insure  the  maximum  braking  torque.  It  is 
possible  to  reduce  the  resistance  to  such  a  value  that 
the  braking  torque  is  very  small,  but  the  scheme  is  not 
then   effective.     In   addition,   very  great  unbalanced 
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magnetic  pulls  arc  set  up  as  the  speed  of  the  motor  ap- 
proaches zero,  which  can  readily  cause  a  springing  of 
the  shaft  or  striking  of  the  .stator  on  the  rotor.  In 
addition  it  requires  a  source  of  direct  current  which 
is  not  always  available.  Undoubtedly  the  most  satis- 
factory method  of  bringing  the  motor  to  rest  is  to 
connect  it  to  the  line  with  the  stator  connections  re- 
versed, at  the  same  time  inserting  the  proper  amount 
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FIG.  8 — STARTING  CURVE  WITH   SLIP  REGULATOR  IN  OPERATION 

of  resistance  in  the  rotor  circuit.  The  braking  torque 
can  then  be  regulated  to  any  amount  desired  by  ad- 
justing the  rotor  resistance.  The  only  disadvantage 
of  this  scheme  is  that  at  the  moment  the  motor  is  re- 
versed, double  voltage  and  frequency  are  impressed 
on  the  rotor.  This  calls  for  extra  insulation,  but  if 
this  is  provided  there  are  no  objections  to  the  arrange- 
ment. As  double  voltage  is  impressed  on  the  rotor,  it 
is  necessary  to  provide  sufificient  resistance  to  limit 
the  current  properly.  If,  for  instance,  the  ordinary 
starting  resistance  limits  its  current  at  starting  to  full 
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FIG.   9 — STARTING   CURVE,    USING   GRIll   RESISTANCE   AND    SWITCHES 

load  value,  double  this  amount  of  resistance  would 
be  required  when  braking  to  hold  the  current  to  the 
same  amount.  Or,  if  the  same  resistance  as  in  start- 
ing is  used,  the  current  that  will  flow  will  be  double 
the  full-load  current,  and  this  can  be  considered  in  its 
relation  to  the  setting  of  the  circuit  breaker  and  to  the 
capacity  of  the  power  house,  lines,  transformers,  etc. 
The  simplicity  of  this  arrangement  has  much  to 
recommend  it  and,  although  it  somewhat  increases 
the  cost  of  the  motor,  yet  the  saving  in  the  controller 
probably   offsets    this    increased    expense.      The   only 
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*  seconds  per  Diyisio: 
FIG.    10 — OPERATING   CURVE,  ROLLING    WITH    AUTOMATIC 
SLIP  REGULATOR 

additional  controller  cost  involved  is  that  necessary 
to  provide  the  extra  resistance  for  the  rotor  circuit 
during  the  braking  period  and  possibly  an  extra 
switch  to  short-circuit  this  resistance. 

Practically  all  induction  motors  driving  rolling 
mills  operate  in  conjunction  with  flywheels  which  are 
intended  to  assist  the  motor  during  peak  loads.  It  is  a 
comparatively  simple  matter  to  limit  the  peaks  on  the 


motor  when  they  are  of  short  duration,  but  this  is  not 
always  sufficient  in  rolling  mill  ser\'ice  as  the  length 
of  peaks  iTicreases  as  the  metal  is  elongated.  The 
])roper  function  of  the  flywheel  is  to  deliver  energy  at 
such  a  rate  during  the  periods  of  peak  loads,  that  the 
Icjad  on  the  motor  does  not  exceed  the  average  value 
over  the  whole  cycle.  Such  an  ideal  condition  is  never 
attained  in  practice,  but  with  proper  control  this  can 
be  approximated.  In  order  that  the  flywheel  be  able 
to  give  up  energy  during  the  period  of  peak  loads,  its 
speed  must  decrease.  The  ordinary  induction  motor 
decreases  only  about  two  or  three  percent  from  no 
load  to  full  load,  and  if  the  flywheel  were  designed  to 
take  the  peak  load  with  such  a  small  drop  in  speed,  it 
would  be  of  excessive  weight.  Such  close  speed  regu- 
lation is  not  necessary  in  rolling  mill  service,  and  a 
variation  of  lo  to  15  percent,  or  more,  can  be  allowed 
without  difficulty. 
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FIG.    II — OPERATING   CURVES,   ROLLING    WITH    II    PERCENT    SLIP 

Resistance  is  inserted  in  the  rotor  circuit  so  that 
the  speed  of  the  induction  motor  will  decrease  a  suf- 
ficient amount  with  increased  load  to  enable  the  fly- 
wheel to  be  of  economical  size.  The  common  practice 
is  to  insert  from  10  to  15  percent  resistance,  which  is 
left  in  the  rotor  circuit.  The  speed  of  the  motor  then 
decreases  a  corresponding  amount  with  increased  load 
and  the  flywheel  delivers  part  of  the  energy  stored  in 
it.    Unfortunately  this  does  not  give  the  best  condition 
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FIG.    12 — OPERATING   CURVE,   ROLLING    WITH    SIX   PERCENT    SLIP 

for  load  regulation  on  the  motor.  With  such  a  scheme 
the  load  on  the  motor  must  be  increased  continually 
to  enable  the  flywheel  to  give  up  energy,  whereas,  the 
ideal  condition  requires  the  load  on  tlie  motor  to  be 
constant  while  the  flywheel  is  giving  up  energ)'.  Mr. 
H.  C.  Specht*  developed  a  formula  showing  the  rela- 
tion between  the  torque  delivered  by  the  flywheel  and 
that  by  the  motor.  According  to  this  formula  the  load 
on  the  motor  varies  as  a  logarithmic  curve,  and  for  a 
fixed  resistance  it  is  not  economical  to  attempt  to  cut 
off  peaks  of  more  than  two  or  three  seconds  duration, 
as  the  flywheel  effect  required  becomes  excessive.  To 
illustrate  this  type  of  control  Fig.  5  shows  a  load  cycle 
of  a  motor  driving  a  plate  mill  on  which,  for  simplicity, 
the  interval  between  passes  has  been  assumed  as  five 
seconds  throughout.    The  full  line  represents  the  total 


*In  the  Transactions  of  the  American  Institute  of  Elec- 
trical Engineers,  June,  1909,  p.  870. 
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power  which,  at  all  limes,  is  equal  to  the  sum  of  the 
motor  and  flywheel  outputs.  Between  passes  the  fly- 
wheel output  is  negative.  During  this  period  the 
motor  output  is  the  sum  of  the  friction  load  and  the 
input  of  the  flywheel.  The  dash  line  curve  represents 
the  motor  load.  The  cross-sectional  area  above  this 
line  during  the  passes  represents  the  load  carried  by 
the  flywheel.  The  energj-  returned  to  the  flywheel  in 
bringing  it  up  to  speed  between  passes  is  graphically 
indicated  by  the  cross-sectional  area.  In  Fig.  6  is 
shown  graphically  the  energv'  stored  in  the  flywheel  in 
this  particular  installation  at  various  speeds.  During 
the  first  portion  of  the  passes  it  will  be  noted  that  the 
flywheel  takes  the  greater  portion  of  the  load,  its  share 
decreasing  with  time.  As  the  speed  drops  from  250 
to  230  r.p.m.,  7  100  horse-power-seconds  are  given  up 
by  the  wheel.  As  the  rotor  continues  to  slow  down 
from  230  to  210  r.p.m.,  6  700  horse-power-seconds  are 
available,  as  will  be  seen  from  Fig.  6.  Thus,  during 
the  latter  part  of  retardation,  the  motor  load  increases 
at  a  greater  rate  to  compensate  for  tlie  falling  oflf  of 
the  flywheel  output.  To  improve  the  operation  in 
some  way,  controllers  have  been  made  by  which  the 
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automatically  at  such  a  rate  as  to  maintain  the  output 
1  'i  the  motor  practically  constant,  drawing  energy  from 
the  flywheel  at  the  proper  rate.  If  the  current  tends 
to  increase  above  the  setting  of  the  regulator,  the  elec- 
trodes will  be  separated  at  the  proper  rate  to  maintain 
constant  load  on  the  motor.  The  setting  of  the  regu- 
lator can  be  changed  either  by  varying  the  taps  on  the 
motor  current  transfonner  or  the  amount  of  the  coun- 
terweight, the  latter  being  the  usual  arrangement  if 
the  range  over  which  the  set  is  to  be  varied  is  not  too 
great. 

Fig.  8  is  a  starting  curve  of  a  plate  mill  motor 
operating  in  conjunction  with  a  liquid  slip  regulator. 
The  latter  automatically  limits  the  load  during  the 
starting  period  to  a  practically  constant  value.  The 
curve  shown  in  Fig.  9  is  a  starting  curve  taken  on  the 
same  motor  and  mill,  the  control  consisting  of  grid  re- 
sistance and  switches.  In  order  to  obtain  a  fair  com- 
parison of  the  operation  of  the  liquid  regulator  with 
another  type  of  control,  one  was  installed  temporarily 
on  a  plate  mill  motor  which  operates  with  fixed  re- 
sistance. Switches  were  placed  in  the  secondary  so 
that  the  motor  could  be  connected  either  to  the  regula- 


i  Seconds  per  Divi5»on~" 
FIG.    13 — CURVES   SHOWING   INPUT   AND    OUTPUT    OF   FLYWHEEL    MOTOR-GENERATOR   SET    WHILE   ROLUXG   ONE   INGOT 


resistance,  instead  of  being  in  circuit  all  the  time,  is 
cut  in  and  out  in  one  or,  at  the  most,  two  steps  by 
means  of  magnet  switches.  The  operation  of  such  a 
controller,  as  indicated  in  Fig.  7,  illustrates  what  are 
probably  the  best  results  that  can  be  obtained  with  a 
controller  of  this  type.  It  will  be  seen  that,  although 
such  an  arrangement  materially  reduces  the  peaks,  it 
does  not,  by  any  means,  eliminate  them. 

Scaling  the  curve  of  the  first  test,  the  peak  load, 
with  relay  in,  is  found  to  be  41  percent  above  the  aver- 
age. The  friction  load  preceding  the  first  pass,  which 
is  shown  to  be  somewhat  less  than  100  amperes,  has 
not  been  included  with  this  average  value,  so  that  this 
figure  represents  the  total  load  only  during  the  heavy 
rolling  period  which  starts  with  the  first  peak.  The 
maximum  load,  with  relay  out,  is  91  percent  above  the 
average  load.  On  the  second  test  the  maximum  peak, 
with  relay  in,  is  48  percent  in  excess  of  the  average, 
and  with  relay  out,  104  percent.  These  curves  in- 
dicate that  the  relay  has  been  successful  in  reducing 
the  peaks  approximately  53  percent,  but  there  yet  re- 
mains an  average  peak  of  44.5  per  cent. 

The  automatic  slip  regulator.  Fig.  3,  already  de- 
scribed, performs  this  function  in  an  ideal  manner. 
As  a  starter,  its  main  function  is  to  insert  resistance 


tor  or  the  resistance.  The  length  of  passes  in  rolling 
the  plates  varied  from  0.28  of  a  second  to  four  sec- 
onds. 

Referring  to  Fig.  10,  it  will  be  noted  that  the  first 
few  passes  are  very  light  and  do  not  rise  to  the  value 
at  which  the  regulator  is  set  to  operate.  Beginning 
with  the  ninth  pass,  the  average  load  is  found  to  be 
800  kw  with  a  maximum  peak  of  980  kw.  Theoretic- 
ally, the  motor  load  curve  is  a  straight  line,  but  prac- 
tically it  will  deviate  from  this  average  value  as  shown 
on  the  curve.  Fig.  10,  which  does  not  var\-  more  than 
I  I.I  percent  from  the  average  load  during  heavy  roll- 
ing periods.  Figs.  11  and  12  are  graphic  curves  taken 
when  rolling  subsequent  slabs  on  the  mill,  the  rolling 
conditions  being  practically  identical  throughout  the 
series  of  tests.  The  former  cune  was  obtained  when 
rolling  with  ii  percent  fixed  slip.  The  average  input 
over  the  same  period  of  heavy  rolling  is  i  008  kw  and 
the  maximum  peak  i  420  kw,  which  is  41  percent 
above  the  average.  The  cur\e,  as  shown  in  Fig.  12, 
represents  the  load  with  a  fixed  slip  of  six  percent. 
This  average  is  980  kw  input,  with  a  peak  of  i  675,  or 
71  percent. 

From  the  above  figures,  it  is  apparent  that,  should 
the  motor  be  operated  on  the  liquid   r^ulator,  the 
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capacity  of  the  power  plant  could  be  440  kw  smaller 
than  if  a  controller  with  1 1  percent  slip  be  installed. 
Should  the  slip  be  limited  to  six  percent,  an  advantage 
of  695  kw  in  favor  of  the  slip  regulator  is  obtained. 
If  the  power  house  capacity  were  sufficient  to  carry 
the  load  under  the  latter  condition,  930  hp  additional 
load  could  be  accommodated,  if  this  controller  should 
be  replaced  by  a  liquid  slip  regulator.  Or,  if  the 
power  plant  is  being  operated  at  its  full  capacity  with 
II  percent  fixed  slip  on  the  mill  motor,  590  hp  would 
be  available  for  other  purposes  should  the  control  be 
replaced  by  a  liquid  slip  regulator. 

An  important  feature  of  any  regulator  is  the 
rapidity  with  which  it  responds  to  momentary  peak 
loads.  If  no  flywheel  effect  were  available,  the  load 
would  approach  the  theoretical  condition  shown  in 
Fig.  5.  The  amount  these  peaks  are  reduced  depends 
upon  the  character  of  the  control  as  will  be  noted  from 
Figs.  7,  10,  II  and  12.  The  regulator  must  respond 
almost  instantly  in  order  to  catch  the  peak  as  the  metal 
enters  the  rolls  Fig.  13  shows  the  result  of  tests  made 
on  a  reversing  blooming  mill  operated  by  a  direct- 
current  motor,  which  obtains  its  power  from  a  fly- 
wheel motor-generator  set.  The  alternating-current 
motor  driving  this  set  is  controlled  by  a  liquid  slip 
regulator.  The  curve  indicating  the  voltage  and  am- 
peres is  the  output  of  the  generator  end  of  the  set, 
while  the  smooth  curve  below  is  the  input  to  the  alter- 


nating-current end.  Although  the  peaks  are  very  short 
and  of  a  highly  intermittent  character,  the  input  to  the 
alternating-cuirent  end  does  not  vary  more  than  11.5 
percent  from  the  average. 

In  selecting  a  control  for  any  particular  installa- 
tion, all  of  the  three  functions  outlined  in  the  first 
paragraph  should  receive  unbiased  attention,  but  above 
all,  it  should  be  remembered  that  the  best  results  are 
obtained  only  from  apparatus  which  can  be  thoroughly 
comprehended  by  the  operator  in  charge.  If  the  in- 
stallation is  such  that  only  the  most  economical  and 
simple  control  is  warranted,  that  shown  in  Fig.  i  is  de- 
signed to  meet  this  service.  In  the  majority  of  cases 
the  conditions  are  such  that  it  is  desirable  to  obtain 
results  beyond  the  possibilities  of  this  simple  manual 
control,  and  for  these  reasons,  magnet  switches  have 
been  designed.  To  secure  refinement  of  their  opera- 
tion, this  type  of  control  becomes  complicated  to  such 
an  extent  that  the  ordinary  operator  is  not  able  to  keep 
it  in  good  working  condition.  The  simplicity  of  the 
liquid  regulator  insures  better  ser\'ice,  as  the  operator 
can  soon  become  familiar  with  it  in  detail  and,  from 
tests  which  have  been  made,  it  has  been  clearly  demon- 
strated that  no  other  type  of  control  can  approach  its 
performance  which,  no  doubt,  explains  its  pK>pularity 
in  European  practice  where  electric  drive  in  the  steel 
mill  industry'  has  received  more  attention  and  greater 
development  than   in   this  country. 


The  Design  and  Application  of  Rheostats 

H.    C.  Nagel 

Detail  and   Supply  Engineering  Dept. 

Westinghouse  Electric  &  Mfg.   Company 

BECAUSE  THE  FUNDAMENTAL  PRINCIPLES  of  rheostat  design  and  operation  are  so  simple 
and  so  easily  understood,  the  average  engineer  pays  little  attention  to  the  subject.  He  seldom 
Iws  more  than  a  superficial  knowledge  of  the  limitations  of  z'arious  designs  or  the  advantages  and 
disadvantages  of  different  types  for  any  particular  installation.  The  impression  is  also  prevalent  that  a 
rheostat  is  a  "hit  and  miss"  device,  consisting  principally  of  "ohms,"  and  that  no  particular  care  is  used 
or  is  necessary  in  its  design  or  application.  In  this  article  an  endeavor  will  be  made  to  correct  this  im- 
pression by  outlining  some  of  the  general  features  of  the  design  of  different  types  of  rheostats,  indicating 
at  the  same  time  some  of  their  limitations  and  advantages. 

O   FAR  as  design  is      amount  of  heat  with  a  minimum  of  material  before 

it  can  be  considered  most  efficient. 


s 


concerned,  r  h  e  o  - 
stats  can  be  divided 
into  two  general  classes, — 
those  used  for  regulating 
duty  which  are  in  use  con- 
tinuously, and  those  for 
starting  duty  which  are 
in  operation  only  for  short 
or  infrequent  periods.  In 
the  first  case,  the  heat  pro- 
duced must  be  radiated  at 
the  rate  it  is  generated ;  ra- 
diation is,  therefore,  the 
important  factor.  Starting  rheostats  handle  heavy 
loads  for  short  periods  only.  Thermal  capacitA'  is, 
therefore,  the  important  factor  in  their  design.  The 
energy  consumed  in  a  rheostat  reappears  as  heat,  and 
a  knowledge  of  the  properties  of  heat  is  essential  to 
the  designer.  In  fact,  a  rheostat  must  be  figured  as 
a  heater,  designated  to  radiate  or  absorb  a  maximum 
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Rheostats  are  commonly  connected  in  series  with 
the  apparatus  to  be  controlled  and  effect  their  control 
by  var}-ing  the  voltage  supplied  to  the  apparatus.  This 
is  accomplished  by  changing  the  resistance  and  the 
voltage  drop  across  the  rheostat  and  since,  with  each 
change  of  resistance,  all  the  conditions  of  the  circuit 
are  changed,  it  is  necessary  to  consider  a  rheostat  de- 
sign step  by  step. 

Rheostats  for  continuous  duty,  such  as  field  rhe- 
ostats, motor  speed  regulators,  battery  charging  rlie- 
ostats,  theatre  dimmers,  etc.,  are  much  the  easier  to 
design,  because  there  are  fewer  factors  involved,  and 
these  can  be  determined  quicklj'  and  definitely.  Field 
rheostats,  such  as  shown  in  Fig.  i,  are  placed  in  series 
with  the  shunt  fields  of  generators,  direct-current  ad- 
justable-speed motors,  rotary  converters  and  synchron- 
ous condensers,  for  the  purpose  of  controlling  the 
voltage,  speed  or  power-factor  of  the  machine  with 
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which  they  are  used.  Having  given  the  limits  over 
which  control  is  desired,  the  maximum  and  minimum 
current  required,  the  resistance  of  the  field,  and  the 
supply  voltage  can  be  determined  directly  from  the 
curves  of  the  machine.  The  application  of  Ohm's  law 
then  quickly  determines  the  resistance  of  the  rheostat 


KIC.    I — FlIXD    RHEOSTAT — UNIT   TYPE 

required.  For  example,  it  is  desired  to  adjust  the 
speed  of  a  230  volt  motor  from  500  r.p.m.  to  i  000 
r.p.m.  The  motor  curves  show  the  field  current  at 
500  r.p.m.  to  be  two  amperes  and  at  i  000  r.p.m.  to  be 
0.5  ampere,  while  the  shunt  field  resistance  is  100 
ohms,  cold.  With  a  line  voltage  of  230,  the  total  re- 
sistance in  circuit  to  give  0.5  amperes  must  be  230  di- 
vided by  0.5  or  460  ohms.  Subtracting  from  this  the 
100  ohms  in  the  field  gives  360  ohms  for  the  rheostat. 
If  the  number  of  steps,  or  the  speed  change  per  step, 
is  given,  the  motor  speed  curve  can  be  properly  di- 
vided and  each  step  figured  out  in  the  same  manner. 
This,  of  course,  would  be  a  tedious  process,  and  it  is, 
therefore,  customary  to  assume  that  the  resistance 
steps  will  be  equal  or  will  vary  at  some  uniform  rate, 
usually  an  arithmetical  or  a  geometrical  progression. 
The  rheostat  engineer  can  then  lay  out  curves  covering 
the  general  case,  and  refer  his  subsequent  designs  to 
them  to  avoid  repetition  of  work. 

The  number  of  steps  to  be  used  is  largely  a  mat- 
ter of  standard  practice,  which  dictates  that  a  certain 
percent  regulation  is  necessary  and  should  not  be  ex- 
ceeded. The  engineer  must  watch  his  design  to  see 
that  the  voltage  drop  between  steps  is  kept  below  cer- 
tain safe  values,  determined  by  test,  above  which  an 
arc  will  be  maintained,  and  thus  cause  flashing  and 
burning  of  the  rheostat  contacts;  and  if  necessary  to 
avoid  this  trouble,  he  must  increase  the  number  of 
steps  beyond  that  demanded  by  the  degree  of  regula- 
tion. When  the  number  of  steps,  and  the  resistance 
and  current  of  each  is  once  determined,  the  watts  loss 
is  easily  determined  from  the  formula,  W=PR,  and 
the  engineer  is  ready  to  lay  out  the  resistor.  The  ex- 
ample shown  above  assumed  a  constant  voltage  and  a 
fixed  resistance  in  series  with  the  rheostat.  This  con- 
dition is  true  of  all  field  rheostats  for  motors  or  for 
separately  excited  machines,  but  it  is  not  true  for  all 
cases.      With     self-excited    generators,    the    voltage 


varies,  but  since  exact  figuring  shows  very  little  dif- 
ferences in  total  losses,  it  is  customary  to  assume  that 
the  voltage  is  constant  at  the  normal  rating.  With 
battery  charging  rheostats  and  motor  speed  regulators, 
the  line  voltage  is  constant  but  the  counter  e.m.f.  of 
the  battery  or  motor  (which  corresponds  to  a  resist- 
ance) is  a  varying  quantity,  and  the  resistance  of  the 
rheostat  must  be  figured  step  by  step. 

Regulators  for  adjusting  motor  speed  by  seres 
resistance  probably  offer  the  greatest  difficulties  of  any 
of  the  continuous  duty  rheostats,  and  are  more  liable 
to  cause  dissatisfaction.  The  amount  of  resistance 
required  is  a  direct  function  of  the  armature  current 
which  varies  as  the  load  on  the  motor.  In  figuring 
on  a  speed  regulator,  therefore,  the  designer  must  as- 
sume values  for  armature  currents  at  various  speeds, 
and  if  the  actual  facts  do  not  agree  with  his  assump- 
tions, he  is  blamed  for  poor  design.  Customers  in 
ordering  regulators  may  fail  to  give  the  motor  appli- 
cation correctly  or  to  state  the  actual  load  on  the  mo- 
tor. If,  for  example,  a  regulator  is  desired  that  will 
give  50  percent  speed  reduction  on  a  ten  horse-power 
motor  operating  on  such  service  that  the  torque  will 
be  constant  regardless  of  load,  the  designer  should 
be  pardoned  if,  after  making  a  rheostat  suitable  for 
a  ten  horse-power  load,  the  customer  discovers  that 
the  actual  load  is  only  five  horse-power  and  he  can  get 
only  25  percent  speed  reduction  with  the  regulator 
supplied.  In  many  cases  the  motor  is  applied  where 
the  torque  is  a  function  of  the  speed,  and  as  it  is  often 
very  difficult  to  secure  correct  data  from  which  to 
work,  the  engineer  is  frequently  called  upon  to  make 
various  assumptions.  By  some  means,  however,  he  is 
obliged  to  determine  the  resistance  and  ampere  capac- 
ity for  each  step  of  the  rheostat,  and  is  then  ready  to 
lay  out  his  resistance  elements  to  agree.    A  great  many 


FIG.   2 — PLATE  TYPE  FIELD  RHEOST.\T 

rheostats  are  built  up  of  resistance  units  which  have 
been  thoroughly  tested  and  rated  for  a  given  wattage. 
Rheostat  design  is  then  simply  a  mechanical  grouping 
of  the  requisite  units  to  care  for  the  resistance  and 
capacity  determined  upon. 

A  large  number  of  so-called  plate  rheostats  are 
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used  for  small  capacity  work.  These  consist  essen- 
tially of  a  round  plate,  either  of  insulating  material  or 
of  iron  with  a  layer  of  insulation  on  which  the  con- 
tacts and  resistance  material  are  mounted.  This  re- 
sistance material  is  disposed  in  flat  loops  lying  against 


FIG.   3 — SPEED  REGUL.\TOR   F.\CE    PLATE 

the  plate  and  is  then  covered  with  insulation  of  some 
character,  usually  a  cement  or  enamel.  The  whole 
plate  is  given  a  definite  watt  rating  and  the  size  of 
plate  to  use  for  a  given  set  of  specifications  is  figured 
by  getting  the  summation  watts  of  all  the  steps.  Where 
the  size  of  the  plate  would  prove  unwieldy,  two  or 
more  plates  are  connected  in  parallel.  The  construc- 
tion of  these  plates  is  such  that  practically  no  repair 
work  is  possible  and  a  burn-out  or  a  ground  means 
an  entirely  new  rheostat.  With  a  rheostat  of  the  unit 
type,  where  individual  units  are  assembled  to  make 
up  a  complete  rheostat,  any  damage  is  usually  confined 
to  one  or  two  units  which  can  easily  be  replaced. 
There  are  many  different  forms  of  units  in  use,  but  a 
general  type  for  all  small  and  medium  capacities  con- 
sists of  an  insulated  support,  wound  spirally  with  re- 
sistance wire  and  provided  with  suitable  terminals. 
Some  of  these  are  encased  for  the  double  purpose  of 
protecting  the  wire  and  providing  additional  thermal 
capacity  to  care  for  overloads;  some  are  protected 
with  a  thin  coating  of  enamel  or  cement;  and  some 
have  no  protection  at  all.  \\'ith  any  of  these  units, 
the  assembly  is  so  arranged  that  the  maximum  surface 
is  exposed  for  radiation  and  the  design  is  made  such 
that  the  heat  generated  can  be  carried  off  most  expe- 
ditiously. 

In  any  type  of  wire-wound  resistance  units,  the 
limit  of  capacity  is  reached  at  comparatively  low  am- 
pere ratings.  The  mechanical  difficulties  of  winding 
units  of  heavy  wire,  or  of  connecting  units  in  multiple 
to  secure  large  ampere  capacity,  prove  prohibitive 
above  a  certain  point  and  some  other  type  of  unit  must 
be  used.  Cast  grid  resistors  are  almost  universally 
used  for  large  capacities,  but  since  the  foundry  cannot 
cast  grids  with  sufficiently  small  sections  to  give  high 
resistances,  grids  cannot  be  used  economically  for 
small  capacities.  In  so  far  as  costs  are  concerned,  it 
is  economical  to  use  grids  for  capacities  which  repre- 
sent the  high  limits  of  wire-wound  resistors,  but  such 


designs  do  not  show  economy  in  space  or  weight.  Be- 
cause the  cast  grid  is  such  a  good  resistor,  many  at- 
tempts have  been  made  to  produce  a  design  giving 
higher  resistance  units  with  the  same  general  charac- 
teristics. One  scheme  involves  the  punching  of  grids 
from  sheet  metal.  It  is  found,  however,  that  high  re- 
sistance materials  are  expensive,  and  that  with  cheaper 
materials,  in  order  to  secure  high  resistance,  the  sec- 
tion of  the  grid  has  to  be  so  small  as  to  be  weak  and 
flimsy.  Such  grids  are  subject  to  rapid  deterioration 
from  oxidation  and  have  not  found  favor  to  any  ex- 
tent. Another  design  shows  a  woven  wire  mesh  grid, 
the  warp  of  which  is  the  resistance  element  insulated 
from  the  woof.  These  grids  have  the  advantage  of 
verj-  light  weight  and  excellent  radiation.  The  de- 
sign allows  considerable  latitude  in  wire  sizes  and  units 
can  be  produced  with  a  wide  range  of  resistance  val- 
ues. The  mechanical  difficulties  of  supporting  the 
grids  properly  and  bringing  out  the  necessary  termi- 
nals, combined  with  a  rather  high  cost,  tend  to  limit  the 
use  of  this  unit  to  certain  classes  of  v^'ork. 

Moulded  or  cast  units,  made  of  some  form  of 
carbon  or  silicon  are  used  to  some  extent,  although  it 
is  a  very  difficult  matter  to  make  them 'of  predeterm- 
ined resistance  or  to  secure  satisfactory'  terminal  con- 
nections. Such  resistors  are  apt  to  be  unstable,  chang- 
ing their  resistance  after  being  heated,  and  as  the  tem- 
perature coefficients  are  usually  high,  their  use  is  also 
limited. 

Rheostats  of  the  carbon  type  are  usually  made  up 
from  unit  plates  or  discs  of  the  resistance  material. 


FIG.   4 — B.\TTERY   CH.^RCIXG  RHEOSTAT 

but  instead  of  varying  the  resistance  of  the  whole  rhe- 
ostat by  switching  the  units  in  or  out  of  circuit,  as 
with  those  already  described,  the  operating  mechanism 
increases  or  decreases  the  pressure  between  units  and 
varies  the  total  resistance  through  the  inherent  prop- 
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erty  of  the  material  to  change  its  resistance  with 
change  in  pressure.  Resistors  of  this  type  are  unsta- 
ble because  it  is  practically  impossible  to  regulate  the 
pressure  witii  any  degree  of  exactness,  and  because 
the  material  has  a  high  negative  temperature  coeffi- 


FIG.  S — SPECIAL  BOOSTER  FIELD  RHEOSTAT 

cient.  A  given  pressure  will  produce  a  certain  resist- 
ance and  allow  a  certain  current  to  flow.  This  cur- 
rent produces  heat  which  increases  the  temperature 
and  lowers  the  resistance  to  admit  more  current,  etc., 
while  at  the  same  time  the  expansion  due  to  the  heat 
may  add  to  the  pressure  and  still  further  reduce  the 
resistance.  This  type  of  resistor  has  the  advantage 
that  all  of  the  resistance  material  is  working  all  the 
time  at  a  uniform  rate  whereas  in  the  unit  type  only 
a  part  of  the  resistance  is  working  at  a  maximum  at 
any  given  moment,  and  some  portion  may  be  out  of 
circuit  altogether.  Theoretically  therefore,  the  carbon 
type  rheostats  should  be  smaller  for  a  given  rating,  but, 
owing  to  the  better  ventilation  possible  with  the  unit 
type  construction,  this  is  not  borne  out  in  practice. 
There  are  a  great  many  different  types  of  units  and 
resistors,  but  most  of  them  can  be  classified  as  modi- 
fications of  the  general  forms  mentioned  above. 

The  face  plates  or  switching  apparatus  by  which 
the  resistance  is  controlled  are  worthy  of  a  brief  study. 
Nearly  all  designs  have  the  contact  points  arranged 
in  the  arc  of  a  circle,  at  the  center  of  which  is  pivoted 
a  movable  contact  arm,  arranged  to  cut  the  resistance 
in  or  out  of  circuit,  step  by  step,  although  some  de- 
signs are  made  with  the  contacts  in  a  straight  line,  the 
movable  cor'.i^t  being  attached  to  a  nut  traveling  on 
a  screw  thread.  Most  face  plates  are  arranged  for 
manual  operation,  either  directly  or  through  sprockets 
or  gearing,  but  for  applications  where  such  control  is 
not  advisable,  electrically-operated  face  plates  which 
can  be  operated  by  a  distant  control  switch  are  obtain- 
able. The  operating  mechanism  may  be  actuated  by 
solenoids  or  a  motor,  and  with  such  control  it  is  fea- 
sible to  secure  automatic  regulation. 

For  booster  fields,  where  it  is  necessary  to  reverse 
the  current  flow  without  opening  the  circuit,  rheostats 


can  be  made  with  two  face  plates,  connected  to  operate 
simultaneously.  The  arms  are  insulated  from  each 
other  and  each  is  connected  to  one  side  of  tlie  field  to 
be  controlled.  One  resistor  only  is  used  and  this  is 
placed  across  the  line,  with  connections  to  botli  face 
plates.  With  the  rheostat  arms  in  the  extreme  posi- 
tion, the  field  receives  the  maximum  current  and  move- 
ment of  the  arms  reduces  this  by  steps  to  zero  at  the 
point  where  the  arms  are  both  at  the  middle  point  of 
the  resistor.  Further  movement  increases  the  current 
to  a  maximum  again  with  a  reversal  of  direction. 

Motor  speed  regulators  are  usually  provided  with 
automatic  no-voltage  release  and  often  with  overload 
protection,  in  the  same  manner  as  starting  rheostats. 

Battery  charging  rheostats  are  similar  in  design 
to  field  rheostats,  but  the  number  of  steps  required  is 
considerably  less  and  the  controlling  mechanism  there- 
fore can  be  made  more  cheaply.  A  large  number  of 
charging  outfits  are  sold  to  garages  and  to  automobile 
owners,  where  the  persons  in  charge  have  little,  if 
any,  knowledge  of  electricity  or  the  theory  of  battery 
charging.  The  rheostat  must  therefore  be  liberally 
and  ruggedly  designed  to  withstand  operation  by  un- 
skilled labor. 

Special  rheostats  for  all  sorts  of  regulating  work 
are  being  made  continuously,  but  they  offer  no  difti- 
culties  to  the  designer  if  he  can  secure  the  necessary 
data  in  regard  to  the  application.  In  most  cases  the 
rheostat  can  be  assembled  from  standard  stock  parts 
or  standard  forms  of  construction  slightly  modified. 

It  has  already  been  said  that  rheostats  for  start- 
ing duty  offer  different  problems  of  design.  When 
beginning  the  design  of  a  rheostat  to  start  a  motor, 
the  designer  has  but  two  fixed  values — the  nominal 
horse-power  rating  and  voltage  of  the  motor  to  be 
started.  If  he  is  designing  for  a  particular  case,  in- 
formation is  sometimes  available  as  to  the  actual 
starting  conditions,  hut  in  the  general  case,  the  de- 
signer must  make  assumptions  in  regard  to  the  length 
of  time  taken  to  start  the  motor,  frequency  of  the 
starting  operation,  current  required  at  different  points 
on  the  rheostat  and  the  allowable  temperature  rise  of 
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FIG.    6 — ST.\RTING   RHEOST.\T    WITH    OVERLO.\D    REL.^V 

the  resistance.  For  these,  he  must  rely  upon  experi- 
ence and  standard  practice.  He  knows  that  motors 
of  small  or  medium  size  can  readily  be  started  in  fif- 
teen seconds  or  less,  and  that  the  length  of  time  re- 
quired to  itart  increases  with  the  size  of  tlie  motor. 
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In  some  installations,  the  starting  is  infrequent,  while 
in  others,  the  starting  rheostat  is  used  often.  The 
American  Institute  of  Electrical  Engineers  (in  its  old 
standardization  rules)  recommended  that  a  starting 
rheostat  should  be  designed  so  that  the  motor  could 
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be  started  once  every  four  minutes  under  50  percent 
overload  during  one  hour,  with  fifteen  seconds  allowed 
for  each  start.  This  covers  more  severe  starting  con- 
ditions than  would  be  found  in  a  general  case,  and  a 
rheostat  designed  to  meet  these  specifications  will 
usually  be  found  satisfactory. 

It  is  common  practice  to  limit  the  initial  rush  of 
current  admitted  to  the  motor  to  full-load  value,  and 
this  then  determines  the  total  resistance  of  the  rheo- 
stat. Having  determined  the  total  resistance,  the  cur- 
rent, the  time  required  for  starting  and  the  frequency 
of  starts,  the  designer  is  prepared  to  go  further  into 
details  and  desires  to  know  the  number  of  steps  re- 
quired and  the  proportion  of  the  resistance  in  each 
step.  He  usually  has  available  a  suitable  switch  or 
face  plate  which  gives  the  total  number  of  steps,  and 
he  is  most  concerned  with  the  proper  distribution  of 
the  resistance.     A  curve  can  be  plotted  showing  the 

relation  between 
the  steps  and  re- 
sistance, which  is 
most  convenient 
for  determining 
this.  This  curve 
can  be  figured  by 
assuming  certain 
rushes  or  peak 
values  of  current 
which  should  not 
be  exceeded  when 
a  resistance  step 
is  cut  out,  but  as 
these  assumptions  must  be  based  on  experimental 
test,  it  is  preferable  to  make  the  curve  the  composite 
record  of  a  large  number  of  tests  which  gives  smooth 
acceleration  of  the  motor.  Figuring  the  resistance 
per  step  on  this  curve  completes  all  the  preliminary 
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estimating  and  the  designer  is  ready  to  lay  out  the 
resistor. 

In  a  starting  rheostat,  large  quantities  of  heat  are 
generated  during  the  short  period  of  starting,  as  the 
energy  in  the  rheostat  at  that  time  is  equivalent  to  the 
full  and  often  the  overload  rating  of  the  motor.  Since 
in  the  short  period  of  starting,  there  is  time  for  very 
little  heat  to  be  radiated,  a  greater  portion  of  the  heat 
generated  must  be  absorbed  in  the  rheostat  and  it 
would,  therefore,  seem  that  the  ideal  rheostat  would 
consist  of  a  large  mass  of  cheap  material  having  high 
thermal  capacity.  In  support  of  this  conception,  there 
are  rlieostats  in  which  the  resistance  elements  of  wire 
or  strap  are  embedded  in  some  form  of  cheap  heat 
conducting  material,  such  as  sand  or  cement.  If 
properly  designed,  such  a  rheostat  can  be  made  satis- 
factorily for  small  capacities  or  for  infrequent  start- 
ing. The  design  is  not  suitable  for  frequent  starting, 
beause  in  making  a  number  of  starts  close  together, 
there  is  an  accumulative  effect  which  tends  to  raise 
the  temperature  to  dang- 
erous limits ;  nor  is  it 
suitable  for  large  capa- 
cities, due  to  the  inher- 
e  n  1 1  y  poor  radiating 
qualities  of  this  type  of 
resistor.  All  of  the  heat 
generated  must  be  ultim- 
ately dissipated  by  radia- 
tion into  the  air,  and 
since,  with  a  solid  mass 
of  material,  the  total 
radiation  depends  on  the 
surface  area  exposed  to 
the  air,  while  the  thermal 
capacity  is  directly  pro- 
portional to  the  cubic 
contents,  it  can  readily 
be  seen  that  the  ratio  of 
absorption     to     radiation 

will  increase  with  size.  As  the  ratio  is  always  greater 
than  unity,  except  for  very  small  capacities,  the  time 
allowance  for  dissipating  the  energy  received  must 
steadily  increase  with  size  and  soon  become  so  great 
that  the  design  has  no  practical  value. 

In  laying  out  a  starting  rheostat  and  in  determin- 
ing the  size  required,  etc..  it  is  helpful  to  calculate  the 
total  heat  over  a  cycle  of  operation.  If  a  rheostat  has 
been  laid  out  in  accordance  with  the  above  explanation 
and  it  is  assumed  to  operate  according  to  the  A.  I.  E. 
E.  test  specifications,  or  some  other  definite  cycle,  the 
heat  generated  during  a  given  period  rray  be  deter- 
mined. If  it  is  further  assumed  that  the  radiation  is 
practically  constant  during  the  whole  time,  the  rate  of 
radiation  required  to  take  care  of  all  the  heat  generated 
can  then  be  determined,  and  the  size  of  the  resistor 
necessary  can  be  determined  approximately  from  a 
knowledge  of  continuous  capacity  rheostats. 

A  large  number  of  the  starting  rheostats  on  the 


FIG.      9 — MOTOR-OPERATED      FIELD 
RHEOSTAT    FACE-PLATES 
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market  today  are  of  the  unit  type.  The  units  are  of 
the  same  general  design  as  those  previously  described, 
although  the  tendency  is  towards  the  use  of  those 
which  have  large  thermal  capacity  as  well  as  good 
radiation.  Cast  grids  are  particularly  w-ell  adapted 
for  tliis  ser\ice  and  are  used  as  far  as  possible.  As 
mentioned  above,  however,  it  is  not  practical  to  use 
cast  grids  for  small  capacities  and  therefore  wire 
wound  units  are  used  for  rheostats  of  small  size,  or 
some  other  form  of  resistor.  It  is  not  so  essential 
that  accuracy  of  resistance  be  maintained  and  the  car- 
bon type  resistor  reaches  its  highest  efficiency  in  this 
service.  Cheaper  resistance  materials  which,  on  ac- 
count of  temperature  coefficients,  etc.,  would  not  be 
suitable  for  field  rheostats,  can  often  be  used  here,  and 
some  manufacturers  claim  a  decided  advantage  in  tlie 
use  of  iron  wire,  because  this  has  such  a  high  tem- 
perature coefficient  that  a  rheostat  made  of  it  will,  if 
accidentally  left  on  the  circuit,  protect  itself  auto- 
matically, due  to  its  increased  resistance. 

The  general  design  of  the  operating  mechanism  on 
practically  all  rheostats  of  small  and  medium  size  is 
the  same — the  difference  between  different  types  being 
in  the  minor  details  or  in  the  operation  of  protective 
devices.  A  low-voltage  release  is  almost  always  in- 
cluded. This  returns  the  operating  lever  to  the  start- 
ing position  and  opens  the  circuit  whenever  the  supply 
voltage  falls  below  a  predetermined  amount.  This  de- 
vice consists  of  an  electro-magnet  which  retains  the 
lever  against  the  operation  of  the  returning  spring  and 
practically  the  only  difference  between  different  designs 
is  in  the  connection  of  the  coil.  Some  rheostats  have 
the  coil  in  series  with  the  shunt  field  of  the  motor. 
This  is  really  the  best  place  for  it  because  the  device 
then  protects  the  motor  from  failure  of  the  supply  of 
voltage  or  from  open  circuit  in  the  field.  With  series 
motors,  or  with  adjustable  speed  motors  where  the 
field  current  varies  over  a  wide  range,  the  coil  has  to  be 
connected  across  the  line,  and  since  this  scheme  of 
connection  is  independent  of  the  design  of  the  motor, 
whereas,  in  the  other  scheme  the  field  current  of  the 
particular  motor  application  had  to  be  determined,  it 
has  become  standard  for  nearly  all  cases.  In  order 
to  limit  the  current  shunted  by  the  coil,  a  high  resist- 
ance must  be  placed  in  series  with  it  and  this  resist- 
ance is  usually  the  weakest  part  of  the  entire  design. 
On  high  voltages  especially,  the  resistance  is  so  high 
that  very  fine  wire  must  be  used  and  this  is  so  weak 
mechanically  that  in  case  of  rough  treatment,  it  usually 
fails  first. 

Overload  features  of  various  kinds  are  often 
used.  These  vary  from  a  simple  relay  opening  the 
low-voltage  release  circuit,  to  a  practical  circuit 
breaker.  A  relay  is  inoperative  during  the  starting 
period  and  is  therefore  of  no  value  in  limiting  the 
starting  current,  but  in  some  installations  it  is  useful 
as  a  current  indicator  to  save  fuses  because  it  can  be 
set  lower  than  the  fuse  rating  and  will  open  the  circiut 
before  the  fuse  will  blow-. 


For  motors  of  large  capacity  where  the  current 
is  too  heavy  to  be  handled  properly  by  a  sliding  con- 
tact, a  series  of  switches  or  circuit  breakers  arc 
mounted  on  a  panel  and  interlocked  so  as  to  operate 
in  sequence.  Most  starters  have  the  resistors  con- 
connected  so  that  each  switch  cuts  out  a  portion  of  the 
total  resistance,  the  same  as  with  the  sliding  contact, 
but  some  are  arranged  to  throw  the  different  resistance 
steps  in  parallel  to  decrease  the  total.  This  latter  ar- 
rangement is  seldom  used  except  for  verj'  large  ca- 
pacities where  it  shows  some  economy. 

It  is,  of  course,  bad  practice  to  start  up  a  motor 
with  a  weakened  field  and  it  is  therefore  natural  that 
there  should  be  schemes  to  prevent  this.  Some  start- 
ing rheostats  are  provided  with  a  relay  connected  with 
the  field  rheostat  which  makes  it  impossible  to  start 
the  motor  unless  the  field  rheostat  is  all  cut  out.  Other 
designs  combine  in  one  mechanism  the  functions  of 
starting  and  regulating,  so  that  they  must  be  per- 
formed in  their  regular  order.  Starting  rheostats  are 
usually  mounted  close  to  their  motors,  or  at  least  in 
sight  of  them,  and,  with  rare  exceptions,  are  arranged 
for  manual  operation.  There  are  many  automatic 
starters  on  the  market  which,  under  certain  conditions, 
will  accelerate  a  motor  properly,  but  these  are  usually 
supplied  as  a  component  part  of  a  control  system. 
The  fundamental  design  is  unchanged  but  electro-mag- 
nets perform  the  same  work  as  the  operator  of  the 
manually-operated  device. 

All  commercial  rheostats  are  built  of  non-combus- 
tible materials  and  are  practically  fireproof.  Many  of 
the  resistors  could  be  run  red  hot  for  an  indefinite 
period  without  injury,  but  such  a  high  temperature 
would  constitute  a  serious  fire  hazard  and  could  not 
be  countenanced.  Many  designs  are  limited  by  con- 
struction or  by  the  properties  of  the  materials  used  to 
certain  maximum  temperatures  and  in  order  to  avoid 
trouble  these  would  have  to  be  rated  so  that  under 
the  worst  conditions  of  overload  there  would  still  be  a 
margin  of  safety  between  the  operating  temperature 
and  the  maximum.  With  modern  materials,  however, 
the  temperature  limit  obtained  in  this  manner  would 
still  be  objectionable  to  operators  and  the  actual  rat- 
ings used  are  based  on  external  conditions  rather  than 
on  the  design  itself.  A  temperature  rise  exceeding 
100  degrees  C.  on  the  outside  casing  of  the  rheostat  is 
looked  upon  with  suspicion  and  this  temperature  is 
close  to  the  maximum  found  on  any  standard  designs. 
The  temperature  rise  of  the  resistance  element  will  be 
much  higher  than  this  and  will  varj-  according  to  the 
type  of  designs,  but  the  writer  believes  that  but  few- 
examples  will  be  found  among  commercial  rheostats 
where  this  temperature  will  exceed  300  degrees  C.  and 
in  most  cases  it  is  considerably  lower.  These  figures 
can,  therefore,  be  taken  as  maximum  for  conditions 
existing  today.  It  is  quite  probable  that,  as  the  public 
comes  to  realize  that  higher  temperatures  mean  greater 
efficiency  and  lower  cost,  rheostats  will  be  mounted  so 
that  these  values  can  safely  be  exceeded. 


The  Selection  of  Control  for  Portable 

Drilling  Rigs. 

W.  R.  Johnston 

Industrial  and  Power  Dept, 
Westinghouse  Electric  &  Mfg.  Company 

ORIGINALLY  there  was  some  question  as  to  the  suitability  of  any  type  of  motor  for  drilling  work. 
Some  of  the  more  adventuresome  operators  decided  that  the  distinct  advantages  of  electric  transmission 
of  power  and  the  elimination  of  fuel  and  water,  zvarranted  a  fair  trial.  They  were  inclined  to  beliez'e  that 
there  was  little  risk  involved,  in  that  motors  had  already  proven  successful  in  hauling  heavy  trains,  in 
steel  mill  sen-ice  and  in  other  severe  zvork.  The  application  which  attracted  the  earliest  attention  was 
the  small  portable  rig  used  in  drilling  blast  holes  to  a  depth  of  50  to  150  feet  in  quarries  and  mines.  Here 
electric  power  zvas  available  from  the  operators'  generating  plants  or  from  the  central  power  companies' 
lines.  With  the  current  at  hand  it  was  soon  demonstrated  that  either  direct  or  alternating-current  motors 
could  be  used  to  equal  advantage,  and  not  until  deeper  drillings  -were  attempted  was  it  found  that  the  se- 
lection of  the  proper  control  determined  the  degree  of  success  of  the  installation.  Operations  to  be  per- 
formed in  any  depth  of  hole  are  nozv  so  thoroughly  understood,  however,  that  proper  control  can  be  fur- 
nished in  every  case,  and  manufacturers  of  drilling  rigs  have  no  hesitation  in  calling  for  electrical 
equipment.  It  should  be  noted  that  the  following  discussion  is  based  primarily  on  conditions  as  met 
with  in  connection  with  the  portable  type  of  rig  shoivn  in  the  accompanying  illustrations.  Undoubt- 
edly there  will  be  cases  such  as  arise  in  Californi'i  zuhere  different  conditions  demand  different  types 
of  control,  but  it  is  felt  tliat  the  discussion  given  herezmth  will  facilitate  the  selection  of  control  for 
any  zvork  a  portable  drilling  rig  may  be  called  upon  to  do. 


IN  DRILLING  with  portable  drilling  rigs  a  tool 
weighing  between  500  and  2  000  pounds  is  sus- 
pended at  the  end  of  a  hemp  or  steel  cable  and 
alternately  raised  and  dropped  in  such  a  manner  as 
to  impinge  upon  the  rock  surface.   The  force  with  which 

it  strikes  depends  upon 
the  unrestrained  fall,  and 
the  selection  of  a  proper 
drilling  speed.  The  depen- 
dence of  this  force  on  the 
first  of  these  features  is 
readily  seen  when  it  is 
considered  that  it  is  the  im- 
pact, as  represented  by  0.5 
MV-,  that  crumbles  and 
powders  the  rock,  and  that 
velocity  is  the  bigger  fac- 
tor. Since  the  cable  has  no 
rigidity "  and  cannot  force 
the  tool  downward  the  velocity  imparted  to  the  tool 
;i3   dependent   entirely   upon  the   acceleration   due   to 
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proper  drilling  speed  requires  feeling  out  the  motion 
of  the  tool  and  this  means  a  close  speed  adjustment. 

It  will  be  appreciated  that,  as  drilling  progresses 
and  the  cable  is  paid  out.  the  periodicity  of  vibration 
will  change  with  the  increasing  length  and  demand 
small  changes  in  speed  from  time  to  time,  and  owing 
to  the  slow  progress  made  in  drilling,  it  becomes  evi- 
dent that  a  control  and  resistance  must  be  selected 
which  will  maintain  these  dififerent  speeds. 

The  close  adjustment  and  range  of  speed  are  ob- 
tained in  a  direct-current  motor  by  the  use  of  field  con- 
trol, as  shown  in  Figs,  i  and  2.  In  the  case  of  the  al- 
ternating-current motor,  a  drum  controller  operates 
resistors  designed  to  give  a  50  percent  speed  reduc- 
tion in  the  manner  shown  in  Figs.  4  and  5.  In  either 
case  the  control  and  resistance  are  selected  for  vari- 
able-speed continuous  service. 

While  practice  has  shown  that  field  control  of  a 
direct-current  motor  affords  the  flexibility  of  speed 
required  by  the  deepest  wells  handled  by  portable 
rigs,  it  also  has  shown  that  the  standard  alternating- 


gravity.     To  secure  the  greatest  effect  from  this  ac-     current  controller  alone  does  not  aflford  a  sufficiently 


celeration,  then,  it  is  very  necessary  that  there  be 
nothing  to  hold  back  on  the  tool  and  that  it  have  a 
free  fall.  This  is  obtained  electrically  by  the  use  of 
a  motor  having  poor  speed  regulation ;  that  is,  a  mo- 
tor that  will  slow  down  in  picking  up  the  tool  and 
speed  up  sufficiently  when  the  tool  descends  to  pre- 
vent the  latter  from  over-hauling  the  motor.  Such  a 
motor  may  be  either  of  the  alternating-current  type  op- 
erated witli  resistance  in  its  secondary  circuit,  or  of  the 
direct-current  type  having  series  characteristics  with 
just  enough  shunt  field  to  prevent  the  motor  from 
running  away  at  no  load.  Furthermore,  the  force  of 
the  blow  in  dropping  is  augmented  by  selecting  a  drill- 
ing speed  in  synchronism  with  the  periodicity  of  the 
Cable.  In  such  a  case  the  tool  is  hurled  upward  a 
greater   distance   and  has   a   correspondingly   greater 


close  adjustment  at  depths  of  i  000  feet  and  greater. 
For  this  reason  it  sometimes  becomes  necessitry  to 
supplement  the  main  drum  controller  with  an  aux- 
iliarv  drum  controller,  as  indicated  in  Fig.  5.  It  will 
readily  be  seen  that  in  such  a  system  the  main  con- 
troller cuts  out  the  large  resistance  in  twelve  steps 
and  the  auxiliary  controller,  working  independently, 
shunts  out  its  resistance  in  six  steps  equivalent  to 
each  step  in  the  main  resistance.  In  this  way  72 
points  of  control  are  obtained.  Usually  a  nine  and 
six  point  controller  giving  a  total  of  54  steps  affords 
ample  speed  adjustment  for  the  greatest  depths 
handled  by  a  portable  rig.  In  the  case  of  small  rigs, 
as  shown  in  Fig.  6,  a  nine  point  controller  amply 
meets  the  requirements. 

BAILING 
"R'lilit-ifT   ic    r^f\nt^<icr,r\T    in    amr   HpntVi    nf    linlp    in    that. 
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if  the  broken  rock  were  allowed  to  remain  it  would 
materially  impair  the  efficiency  of  drilling.  To  avoid 
this  the  tools  are  brought  to  the  surface  and  a  long 
iron  pipe  with  a  flap  valve  at  its  bottom  lowered.  On 
striking,  the  valve  is  pushed  up  and  a  mixture  of 
mud  and  water  flows  in.    It  may  be  necessary  to  raise 


FIG.    I — DIAGR.WI    OF    DRl'M    CONTROLLER    WITH    FACE-PLATE    FIELD 
RHEOST.\T    AXD   FLUTTERINX   RELAY 

and  lower  the  bailer  several  times  through  a  height 
of  six  to  ten  feet  in  order  to  get  a  good  load,  after 
which  it  is  raised  to  the  surface  and  emptied.  The 
tools  are  then  run  back  and  drilling  resumed. 

With  a  given  weight  of  cable  and  tool  for  a  given 
formation,  drilling  is  limited  to  one  best  speed  for 
each  depth  and  there  is  consequently  no  opportunity 
for  increasing  the  rate  of  drilling  by  raising  the  speed 
of  the  motor.  In  bailing,  however,  there  is  an  oppor- 
tunity for  saving  time  and  usually  the  maximum 
speed  consistent  with  safety  is  selected  for  hauling 
the  tools  from  the  hole,  and  raising  and  lowering  the 
bailer. 

Due  to  the  method  of  operating  it  is  necessary  to 
select  some  system  of  control  whicli  will  permit  of  ac- 
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FIG.  2 — DIAGRAM  OF  THE  CONTROLLER  SHOWN  IN  FIG.  I,  WITH 
THE  .ADDITION  OF  A  JAM  RESISTANCE  .\ND  AUTOMATIC  M.\G- 
NET    SWITCHES    FOR   THE    HEAVV    CURRENTS 

celerating  the  motor  to  full  speed  in  the  quickest  pos- 
sible time  consistent  with  motor  design,  but  no  faster. 
With  a  direct-current  motor  this  is  accomplished 
automatically  by  the  use  of  a  fluttering  relay,  as 
shown  in  Fig.  i,  which  limits  the  current  taken  In  ac- 
celerating to  a  certain  predetermined  safe  value.  ITiis 


will  be  explained  in  greater  detail  later.  With  an  al- 
ternating-current motor,  because  of  the  very  inter- 
mittent character  of  the  work,  it  is  permissible  to  set 
the  circuit  breaker  at  a  current  value  just  below  that 
corresponding  to  the  pull-out  point,  and  this  enables 
fhe  operator  to  accelerate  his  load  more  rapidly  than 
the  design  of  his  portable  rig  will  stand.  Hence,  the 
driving  motor  is  in  no  danger  of  being  started  up  at 
a  dangerous  rate. 

J.\RRING  DOWN   CASING 

In  addition  to  the  general  conditions  described 
above  there  is  a  further  difficulty  to  be  met,  particu- 
larly in  deeper  drillings  from  500  to  i  500  feet  in  that 
quite  frequently  loose  earth,  quick-sand,  and  water- 
bearing strata  may  be  encountered.  Under  such  cir- 
cumstances it  is  necessarj'  to  locate  a  long  column  of 
pipe  below-  the  point  of  trouble  and  pass  the  tool 
through  this  pipe  to  drill  ahead  of  it.  An  additional 
string  of  pipe  is  placed  within  the  outer  one  for  each 
occurrence  of  trouble. 

In  placing  this  pipe  or  casing  quite  often  it  will 
not  go  down  easilj-  because  the  hole 
is  not  drilled  straight  or  there  is  a 
shoulder  of  rock  the  tool  has  avoid- 
ed. Under  such  conditions  the  en- 
tire length  of  pipe  is  raised  and  al- 
lowed to  sink  back  by  its  own 
weight  until  it  has  worn  past  the 
obstruction.  This  is  known  as 
jarring  dowm  the  casing.  In  raising 
the  total  length  of  pipe  against  the 
friction  of  the  sides,  say  five  or  six 
times,  a  considerable  dutj-  is  im- 
posed on  the  motor  and  control. 
\\'ith  alternating-current  motors, 
the  increased  requirements  for  this 
senice  can  usually  be  met  with  a 
motor  with  a  pull-out  torque  of  ap- 
proximately two  to  three  times  full- 
load  torque.  In  the  deeper  wells, 
demanding  a  double  drum  control,  this  torque  may 
not  be  sufficient  and  a  star-delta  switch  is  mounted  on 
the  motor  which  permits  of  the  development  on  delta 
of  approximately  six  to  eight  times  the  full-load  tor- 
que obtainable  when  operating  star  connected. 

Occasions  may  arise  (particularly  where  only 
low  voltage  such  as  220  volts  or  less  is  available) 
where  the  current  corresponding  to  this  pull-out  tor- 
que could  not  be  handled  directly  with  a  drum  con- 
troller without  excessive  burning,  and  to  keep  this  to 
a  minimum,  two  two-pole  magnetically  operated 
switches  are  used  for  closing,  opening  and  reversing 
the  primary  circuit  of  the  motor.  These  switches  are 
made  operative  by  the  primarj-  contact  drum  of  the 
main  controller  and  the  only  currents  handled  by  tliis 
drum  are  the  small  currents  required  to  energize  the 
coils  of  the  switches. 


FIG.  3 — TYPE  OF 
CON  T  ROLLER 
SHOWN  D  I  A- 
GRAMM.\TIC\LLY 
IN  FIGS.   I   AND  2 
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OPERATION    OF   CONTROLLER  AND  AUXILIARY 

The  operation  of  these  switches  may  be  seen  by 
reference  to  Fig.  5.  It  will  be  noted  that  a  move- 
ment of  controller  /  to  the  right  closes  contacts  Li  and 
3,  thus  completing  the  circuit  L,  through  coil  2-Lt  of 
the  magnet  switch  and  causing  the  switch  to  close. 
The  main  power  circuit  is  immediately  established 
through  L;  to  motor  terminal  C,  and  L2  to  motor  ter- 
minal B.  Line  Lg  runs  directly  to  the  motor  so  that 
this  terminal  is  always  alive  whenever  the  circuit 
breaker  is  closed.  Continued  movement  of  the  con- 
troller handle  to  the  right  shunts  out  the  main  resist- 
ance step  by  step.  If  it  is  found  in  drilling  that  the 
proper  speed  lies  between,  say  point  4  and  5,  the 
operator  then  operates  controller  //  to  cut  out  his 
auxiliary  resistance,  until  the  desired  speed  is  at- 
tained. If  it  is  desired  to  reverse  the  motor  the  main 
controller  /  is  brought  back  to  the  oflf  position  and 
movement  continued  to  the  left.  If  will  be  seen  that 
the  circuit  of  coil  L.-i  is  closed  at  points  /-L,  and  the 
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bailer  by  gravity.  The  principal  need  of  reversing 
the  motor  is  when  the  drilling,  bailing  and  casing 
cables  are  to  be  unwound  from  the  drums  in  chang- 
ing from  one  operation  to  another. 

In  protecting  the  motor  against  the  high  currents 
that   may   be   required   in   handling   casing,   a   circuit 


FIG.     ; — CO.N'NKCTIOX 


FOR    A    MAIN    ANU    AU.\ILI.\RY    CONTROLLER 
TO   (ilVE  72    STEPS 


FIG.    4 — CONNECTION     D1ACR.\.M     OF     A     DRUM     CONTROLLER     FOR    A 
WOUND-SECOND.\RY    POLYPHASE    MOTOR 

lower  switch  closed.  The  upper  switch  drops  out 
when  the  handle  is  brought  back  to  the  "off"  position. 
Closing  the  lower  switch  establishes  the  main  power 
circuit  lines  L/  and  £.•  to  motor  termhials  B  and  C 
respectively  and,  the  current  of  one  phase  having  been 
reversed,  the  motor  starts  up  in  the  opposite  direction. 
Continued  movement  to  the  left  cuts  out  the  main  re- 
sistance step  by  step,  and  if  the  desired  speed  in  the 
reverse  direction  is  not  obtainable  on  the  main  con- 
troller, recourse  may  be  had  to  the  auxiliary  control. 
While  these  two  drums  are  electrically  connected 
there  is  no  mechanical  connection,  and  where  rapid 
acceleration  is  required,  as  in  bailing,  the  auxiliary 
controller  is  not  used,  so  that  the  operator  has  only 
the  friction  of  the  single  main  drum  to  overcome. 

The  reversing  feature  of  the  controller  is  not 
needed  for  any  of  the  main  operations  of  drilling,  as 
the  reciprocating  motion  in  drilling  is  obtained  by 
driving  a  crank,  and  the  reverse  motion  of  the  drums 
in  bailing  and  handling  casing  is  secured  by  unclutch- 
ing   the   hoisting   drum   and   lowering   the    casing  or 


breaker  with  a  dash-pot  time-limit  device  is  furnished 
so  that  it  will  not  trip  out  on  peaks  and  yet  will  pro- 
vide adequate  protection  against  lower  continuous 
overloads.  No-voltage  protection  is  so  arranged  that 
in  case  of  failure  of  power  the  operator  will  have  to 
reset  the  circuit  breaker  before  operations  can  be  re- 
sumed. 

The  present  type  of  circuit  breaker  does  not  have 
a  sufficient  range  of  current  setting  to  give  accurate 
protection  on  both  star  and  delta  operation,  and  it  is 
usual  practice  to  add  fuses  to  give  protection  on  the 
star  connection.  This  is  done  by  means  of  a  three- 
pole  single-throw  switch  so  arranged  that  when  it  is 
desired  to  operate  the  motor  on  the  delta  connection, 


FIG.  6 — PORTABLE   DRILLING  RIG 

Manufactured  by  the  Loomis  Machine  Company. 

closing  the  switch  will  shunt  the  current  around  the 
fuses,  while  opening  the  switch  will  send  the  current 
through  both  the  circuit  breaker  (with  its  delta  cur- 
rent setting),  and  the  fuses. 

While  the  delta  connection  is  available  for  hand- 
ling casing  with   an   alternating-current  motor,   some 
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other  expedient  must  be  resorted  to  in  the  case  of  the 
direct-current  motor.  Of  course,  a  direct-current 
motor  of  series  characteristics  would  tend  to  develop 
a  large  torque,  but  this  is  limited  in  commercial 
design  to  the  safe  commutating  and  lieat  dissipating 


III,.    7 — MOTOR-DRIVEN    PORTABLE   DRILLING   RIG 

MamU'actured   by   the   Oil   Well    Supply   Co.,   Pittsburgh. 

ability  of  the  motor.  The  torque  sufficient  to  pull 
out  the  casing  would  require  a  motor  having  six  times 
the  torque  necessary  for  regular  drilling  with  the  ad- 
ditional disadvantages  of  increased  cost,  unstable  op- 
eration on  light  work  and  poor  efficiency  about  95 
percent  of  the  time.  This  has  been  avoided  by  the 
iselection  of  a  control  which  permits  a  compound- 
wound  motor  to  develop  two  to  2.5  times  full-load 
torque  for  one-half  to  two  minutes  at  or  nearly  at  a 
standstill.  The  saving  in  capacity  made  by  this  fea- 
ture will  be  seen  when  it  is  considered  that  a  jerk  of 
considerable  magnitude  might  fail  to  overcome  the 
inertia  and  static  friction  of,  say  i  000  feet  of  iron 
pipe,  while  a  slow,  steady  pull  of  less  magnitude 
would  be  effective.  The  manner  in  which  this  is  ac- 
complished is  by  means  of  two  relays  which  operate 
when  the  current  reaches  a  predetermined  value.  One 
of  these  relays  places  full  field  on  the  motor  regard- 
less of  the  position  of  the  control  handle  and  the 
other  places  a  jam  resistance  in  series  with  the  arma- 
ture, designed  to  permit  a  predetermined  value  of 
current  to  flow  with  constant  line  voltage  and  the 
motor  at  standstill.  With  full  field  and  a  known 
value  of  armature  current  the  motor  automatically 
develops  only  a  known  safe  torque  regardless  of  the 
extent  of  the  overload. 

This  type  of  control  has  demonstrated  its  worth 
on  portable  rigs  of  the  type  shown  in  Figs.  7  ^"^d  8 
capable  of  drilling  efficiently  to  depths  of  i  500  feet. 
This  rig  is  a  tractor    which    carries    its    own    power 


plant  and  moves  itself  from  hole  to  hole.  The  power 
jilant  consists  of  a  high-speed  automobile-type  engine 
driving  a  generator  which  furnishes  power  to  an  ad- 
justable speed  field-controlled  direct-current  motor. 
This  motor  drives  the  rig,  does  standard  cable  or 
rotary  drilling  and  has  shown  its  ability  to  meet  every 
operation  incident  to  .-inking  and  properly  casing  a 
hole. 

The  particular  arrangement  of  control  which 
has  demonstrated  the  ability  of  a  direct-current 
motor  to  handle  this  work,  where  without  this  con- 
trol, it  had  failed,  is  shown  in  Fig.  2,  the  operation 
being  as  follows : — In  starting  the  motor  to  drill, 
the  operator  moves  the  handle  up  to  a  position  where 
experience  has  told  him  he  will  find  the  approximate 
drilling  speed  for  that  depth.  In  so  doing  he  passes 
over  the  first  three  points  which  insert  resistors  RjRt 
and  then  cut  them  out  in  two  steps.  If  this  opera- 
tion is  performed  too  rapidly  the  motor  will  be  pro- 
tected by  the  automatic  insertion  of  the  jam  resist- 
ance JiJs  or  the  operation  of  the  circuit  breaker,  de- 
pending upon  the  position  of  the  two-pole  double- 
throw  switch.  Continued  movement  of  the  handle 
cuts  in  the  field  resistance  until  the  desired  running 
speed  is  reached  and  drilling  started. 

Consider  now  that  a  careless  operator  had  turned 
the  handle  directly  to  a  weakened  field  point.  This 
'sudden  weakening  of  the  field  would  cause  a  rapid 
falling  off  of  the  back  e.m.f.  generated  in  the  arma- 
ture and  a  corresponding  reduction  in  the  resistance 
of  the  armature  circuit.  The  resultant  increased  cur- 
rent would  operate  the   coil  J.iL"  of  the  field   relay. 


KIC.  8 — G.\S-ENCINE  DRIVEN  POWER  PL.\NT  ON   .\   PORTABLE  DRILLER 

The  relay,  energized,  would  place  a  shunt  about  the 
field  resistance  and  immediately  full  field  would  be 
placed  on  the  motor.  The  consequent  sudden  build- 
ing up  of  the  back  e.m.f.  would  cause  the  current  to 
drop  again  and  so  remove  the  shunt  from  the  field 
resistance,  thus  immediately  establishing  a  weakened 
field.  This  cycle  would  continue,  alternately  placing 
full  and  weakened  field  on  the  motor  until  it  had  ac- 
celerated to  the  speed  corresponding  to  the  position 
of  the  control  handle.  The  rate  of  acceleration  is  de- 
termined by  setting  the  relay  to  the  maximum  con- 
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sistent  with  the  motor  design  and  yet  below  the  cir- 
cuit breaker  setting  and  the  overload  setting  of  the 
series  relay. 

It  will  readily  be  seen  that  this  automatic  ac- 
celeration will  take  place  in  drilling,  bailing  and  hand- 
ling casing.  Of  course,  if  the  load  placed  on  the 
motor  is  too  great  to  permit  of  accelerating  to  full 
speed,  the  fluttering  relay  will  be  held  down  and  so 
will  establish  full  field.  If  this  does  not  result  in  suf- 
ficient torque  to  accelerate  the  load  the  current  will 
rise  until  the  circuit  breaker  trips.  This  presupposes 
that  the  double-throw  knife  switch  is  closed  to  the 
right,  Fig.  2.  If  it  is  found  that  on  again  closing  the 
circuit  breaker  the  motor  is  allowed  to  accelerate  in 
taking  up  the  slack,  but  the  circuit  breaker  trips  out 
the  instant  the  motor  has  to  pull  hard,  and  all  ad- 
vantage of  having  started  the  load  is  lost,  then  the 
two-pole  double-throw  knife  switch  should  be  thrown 
to  the  left.  This  shunts  out  the  circuit  breaker  and 
the  accelerating  resistance  and  also  removes  the  shunt 
from  the  series  relay  and  jam  resistance.  For  the 
sake  of  convenience  the  usual  case  will  be  assumed; 
that  is,  where  there  is  sufficient  slack  to  permit  the 
motor  to  accelerate  to  full  speed  before  the  load  takes 
hold.  Under  these  conditions,  starting  the  motor  by 
passing  directly  to  full  speed  or  any  weakened  field 
point  would  give  rise  to  the  following  sequence  of 
operation : — 

In  starting  with  accelerating  resistance  RiRs 
short-circuited,  there  would  be  a  rush  of  current  suf- 
ficiently large  to  lock  out  the  series  switch  2  and  yet 
not  be  high  enough  to  operate  the  series  relay.  The 
locking  out  of  2  would  prevent  any  current  flowing 
through  the  series  coil  of  switch  J  and  so  switch  5 
would  also  remain  open.  With  switches  2  and  5  open 
the  accelerating  current  would  be  forced  to  flow 
through  the  jam  resistance.  As  the  current  through 
the  jam  resistance  and  series  coil  of  switch  2  falls  be- 
low the  lockout  point  of  the  switch  it  would  close, 
thus  shunting  out  a  half  of  the  jam  resistance. 

With  current  now  flowing  by  the  path  indicated 
as  BJ,,  J  J  2,  JgD,  DJs  and  JsL*,  switch  3  would  be 
locked  out  until  the  current  had  fallen  to  a  value  be- 
low that  at  which  switch  2  had  closed.  At  this  point 
switch  j?  would  close,  placing  a  complete  shunt 
around  the  jam  resistance.  Establishing  a  shunt  about 
the  jam  resistance  prevents  current  from  flowing 
through  the  series  coil  BJi  and  switch  2  falls  open. 
The  fluttering  relay  would  now  act  to  accelerate  the 
motor  to  a  point  where  all  the  slack  was  taken  up,  at 
which  time  the  field  relay,  having  a  lower  current 
setting  than  the  series  relay,  would  operate  first,  plac- 
ing full  field  on  the  motor.  The  torque  developed 
with  full  field  not  being  sufficient,  the  current  would 
build  up,  finally  reaching  a  value  at  which  the  series 
relay  would  operate.  This  would  open  the  circuit  of 
the  shunt  switch   i  at  points   /  and  2,  causing  it  to 


open  and  remove  the  shunt  from  the  jam  resistance. 
Under  this  condition  the  motor  could  be  designed  to 
develop  two  to  two  and  one-half  times  full-load 
torque  for  a  period  of  one-half  to  three  minutes.  If 
the  casing  cannot  be  moved  in  a  half  minute's  time  it 
is  a  pretty  sure  indication  that  it  will  be  necessary  to 
add  another  line  to  the  block  and  tackle. 

If,  after  the  insertion  of  the  jam  resistance  the 
casing  is  worked  loose  and  the  load  gradually  falls 
off,  the  series  relay  will  be  first  to  operate,  closing  the 
shunt  circuit  of  switch  I  at  points  /  and  2.  Further 
falling  off  of  the  current  below  the  lockout  point  of 
coil  BJi  will  permit  switch  2  to  close  and  so  shunt  out 
half  of  the  jam  resistance.  Current  will  now  flow 
through  the  series  coil  DJs  and  when  it  has  fallen 
still  furtlier  to  a  point  below  its  lockout  setting, 
switch  J  will  close,  again  placing  a  shunt  about  the 
jam  resistance.  All  resistance  being  removed  from 
the  armature  circuit,  the  fluttering  relay  will  imme- 
diately accelerate  the  motor  to  a  speed  corresponding 
to  the  position  of  the  control  handle. 

By  having  the  field  relay  set  at  a  lower  value 
than  the  series  relay  it  is  possible  to  operate  the  flut- 
tering relay  independently  of  the  series  relay,  but  the 
series  relay  can  never  operate  independently  of  the 
field  relay.  This  means  that  automatic  acceleration 
may  be  had  independently  of  the  series  relay  except 
where  a  sufficient  load  comes  on  to  operate  the  jam 
resistance.  At  such  a  time  full  field  is  placed  on  the 
motor  so  that  a  maximum  safe  torque  may  be  de- 
veloped but  nothing  higher. 

The  adaptability  of  these  features  to  all  types  of 
drilling  service  can  be  readily  seen,  and  their  adop- 
tion has  permitted  the  successful  use  of  the  direct- 
current  motor  with  its  economically  obtained  wide 
range  and  close  adjustment  of  speed  by  field  control. 
On  the  other  hand,  the  high  momentary  peaks  afford- 
ed by  a  star-delta  switch  combined  with  adequate 
speed  characteristics  and  low  transmission  losses 
makes  the  alternating-current  motor  particularly 
adaptable  where  operations  are  carried  on  at  some 
distance  from  the  power  plant. 

In  conclusion  it  may  be  said  that  vi-hat  appeared 
to  be  a  serious  motor  problem  has  since  been  over- 
come by  a  more  thorough  knowledge  of  the  require- 
ments of  the  service  and  the  selection  of  the  proper 
control.  This  selection  has  permitted  taking  advan- 
tage of  the  inherent  characteristics  of  the  electric 
motor,  namely  high  overload  capacity,  quick  reversals 
of  direction  of  rotation,  its  ability  to  develop  the  pull 
required  the  instant  powder  is  turned  on  and  to  de- 
velop an  increasing  pull  as  the  speed  drops  oflf  due  to 
increasing  load.  Undoubtedly,  when  operators  in 
general  have  seen  the  advantages  and  success  of  elec- 
tric drive,  there  will  be  a  rapidly  increasing  use  of 
motors  for  this  service. 
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1136 — Converter  Neutral — Why  is  it 
ncccs.sary  to  have  the  neutral  from 
each  transformer  shown  in  Fig.  1136 
(a)  on  a  separate  switch  to  the  di- 
rect-current neutral?  What  amount 
of  unbalance  will  this  arrangement 
take  care  of  properly?  What  would 
be  the  division  of  the  unbalanced 
current   through   the   transformers? 

C  F.  p.  (ONTARIO.) 

It  is  necessary  to  have  this  switch 
open  when  starting  the  converter  from 
the  alternating-current  end,  to  prevent 
a  partial  short-circuit  and  enable  the 
converter  to  start.  This  function  can 
obviously   not   be   performed   by   a   sin- 


FiGS.  1136  (a)   and  (b) 

gle-pole  switch  in  the  common  neutral. 
It  may  be  closed  as  soon  as  the  starting 
switch  is  thrown  to  the  running  posi- 
tion. Most  rotary  converters  vi'ill  then 
take  care  of  full-load  current  between 
one  line  and  neutral  when  the  current 
in  the  other  line  is  zero.  The  unbal- 
anced direct-current  will  appear  at  the 
neutral  in  each  transformer  as  an  alter- 
nating current  having  a  magnitude 
nearly  one-half  that  of  the  unbalanced 
direct   current.  j.  L.  Y. 

1137 — Removing  Insulation — Will  you 

please    give    some    good    method    for 

removing    asbestos     insulation     from 

scrap  lengths  of  cable? 

v.  c  D.  (tf.nn.) 

The  machine  illustrated  in  Figs.  1137 
fa"),    (h)   and    (c^    is  very  eflFective  for 


removing  insulation.  The  circular  cut- 
ting wheel  or  knife  opens  the  cable 
covering  longitudinally,  being  set  by 
the  screws  so  that  it  just  touches  the 
metal.  After  thus  laying  it  open  the 
cover  as  a  rule  falls  off  or  is  easily  re- 
moved by  hand.  The  cable  is  fed 
through  a  block  and  gripped  between 
the  V-grooved  wheel  and  cutter,  and 
pulled  through  by  revolving  the  wheel 
by  means  of  the  handle  and  gears. 

c.  B.  A. 


FIGS.  1137  (a),  (b)  and  (c) 

1138 — Testing  Watthour  Meter  —  A 
five  ampere,  100  volt  integrating 
wattmeter  is  guaranteed  to  be  accu- 
rate within  one  percent  on  non-in- 
ductive load  and  at  80  percent 
power-factor.  In  testing  this  meter, 
should  full-load  current  of  five  am- 
peres be  maintained  in  testing  on 
both  inductive  and  non-inductive 
loads?  For  instance  on  non-induc- 
tive load  we  would  have  5  amperes 
X  100  volts  =  500  watts,  or  25  r.p.m. 
On  loads  having  80  percent  power- 
factor  we  would  have  5  amperes  x 
100  volts  X  0,80  =  400  watts  or  20 
r.p.m..    which   is   not    full-load   speed. 


Should  the  full  load  be  rated  accord- 
ing to  full-load  speeds  of  25  r.p.m.  or 
at  rated  full-load  current  of  five  am- 
peres. J.  J.  G.    (N.J.) 
Performance  tests   are   made   on   the 
basis  of  current  rating;  that  is,  if  full 
load    is    specified,    full-load    current    is 
meant  and  not  watts.     For  instance,  a 
test  at  50  percent  power-factor  and  full 
load  would  mean  full-load  current,  but 
only    one-half    load   in    watts.      Hence, 
the  disc  should  rotate  at  only  one-half 
rated   full-load,   lOO  percent  power-fac- 
tor speed.  w.  M.  B. 
1 139 — V-Connection — Kindly  show  by 
vector  diagram  why  the  current  lags 
30   degrees    behind    the    e.m.f.    in    an 
open-delta   bank  of   transformers. 

D.  p.  s.  (IND.) 
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FIGS.  1 139  (a)  and  (b) 

A  diagram  of  connections  and  a  vec- 
tor diagram  are  shown  in  Figs,  i  139 
(a)  and  (b)  in  which  A,  B  and  C  rep- 
resent the  terminals  of  a  delta  con- 
nected generator  and  A',  B'  and  C  the 
terminals  of  the  two  transformers.  The 
voltage  vectors,  E^^,  A'm-  and  E^,,  are 
drawn  120  degrees  apart  At  unity 
power-factor  the  current  in  these 
phas-'s  of  the  generator  are  in  phase 
with  the  corresponding  voltages.  Then 
the  current  in  the  line  A  A'  equals  icA 
plus  /|,;i,  added  vectorially.  But  be- 
cause the  phase  A  B'  is  open,  the  cur- 
rent in  A'  C  must  be  in  phase  with 
that  in  the  line  AA'.  Hence,  this  cur- 
rent /AA'lags  30  degrees  behind  the  volt- 
age E  a'c'-  Similarly  the  current  in  trans- 
former B'  C  leads  the  voltage  E  nc'  by 
30  degrees.  A  similar  diagram  can  be 
worked  out  for  any  other  power-factor 
and  it  will  always  be  found  that  with  a 
lagging  power-factor  the  angle  of  lag  in 
A'  C  will  be  30  degrees  more  than  that 
corresponding  to  the  given  power-fac- 
tor and  the  angle  of  lag  in  transformer 
B'  C  will  always  be  30  degrees  less 
than  that  corresponding  to  the  given 
power-factor.  For  example,  at  a  power- 
factor  of  86  percent  lagging,  the  power- 
factor  in  A'  C  will  be  50  percent,  and 
in  B'  C  it  will  be  unity.  c. «:«. 
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trol division,  engineering  department  on 
development  and  field  work,  remaining 
to  date  specializing  on  steel  mill  and 
machine  tool  control. 

W.  L.  .\li.en,  commercial  engineer, 
R.  D.  Nuttall  Company,  Pittsburgh,  Pa. 

WiLLi.^M  .'\rthur  (Railway  Institute, 
Horwich,  England,  and  Univ.  of  Liver- 
pool), apprenticeship  course,  Lancashire 
and  Yorkshire  Railroad  and  Locomotive 
Shops,  England,  1893-1899;  in  steam  lo- 
comotive designing  and  testing  depart- 
ments, and  in  electric  traction  depart- 
ment L.  &  Y.  R.  R.  designing  railway 
motors,  control  systems,  rolling  stock, 
third  rail  construction,  etc..  and  work- 
ing on  experimental  electrification  work. 
1899-1903.  When  the  electrification  of 
the  Liverpool  &  Southport  section  of 
the  L.  &  Y.  Railroad  (the  first  electri- 
fied steam  line  in  England)  was  decided 
upon  in  1903,  was  appointed  assistant 
resident  engineer  superintending  con- 
struction work;  1904-1907  operating  this 
electrified  system ;  1907  railway  depart- 
ment of  the  Electric  Company  at  East 
Pittsburgh ;  1908  electrical  engineer  of 
the  Yale  &  Towne  Company,  Stamford, 
Conn.;  1909-1911,  president  and  treas- 
urer of  the  Xew  Haven  Wire  Bound 
Box  Company,  New  Haven,  Conn. ; 
1912-1913,  assistant  engineer,  electric 
traction  department,  New  York,  New 
Haven  &  Hartford  Railroad;  1913,10 
date,  general  consulting  engineering 
work  with  McHenry  &  Murray,  Engi- 
neers, New  Haven.  Conn. 

*C.  B.  AuEL,  director  of  standards, 
processes  and  materials.  Electric  Com- 
pany. 

R.  A.  B.\LZARi  (Univ.  of  Calif.,  '08) 
was  employed  by  The  Pacific  Gas  & 
Electric  Company  until  Oct.  1st,  1908; 
with  the  Electric  Company  sales  force 
in  the  San  Francisco  ofiice  to  date. 

E.  C.  B.\UGHF.R  (special  course  Univ. 
of  Penn.,  '91-92;  Johns  Hopkins  Univ., 
'93-94),  superintendent  of  electrical  con- 
struction, Baltimore  &  Ohio  Railroad. 
1895-1897.  Entered  testing  department 
of  the  Electric  Company,  1808 :  one  year 
erecting  apparatus  in  New  York  terri- 
tory; in  1899  went  to  Japan  as  resident 
engineer  of  the  Electric  Company ;  later 
became  commercial  engineer  in  Japan, 
China  and  Korea ;  in  1907  returned  lo 
the  United  States  as  commercial  engi- 
neer on  rubber  industries  and  general 
central  station  campaign  in  New  Eng- 
land ;  now  manager  of  railway  and 
lighting  division,  Boston  office,  the  Elec- 
tric Company. 

*H.  L.  Beach  left  the  Electric  Com- 
pany in  1909  to  become  electrical  engi- 
neer of  the  Pennsylvania  Coal  &  Coke 
Company  ;  was  promoted  in  igiotocom- 
nlete  charge  of  the  operation  and  main- 
tenance of  all  plants,  including  power 
and  lighting,  repair  shops  and  mining 
equipment ;  shortly  after  he  returned  to 


the  Electric  Company,  specializing  on 
the  design  of  industrial  control  appa- 
ratus. 

Charles  M.  Black,  president.  The 
American  Electric  Railway  Association ; 
vice-president  and  general  manager, 
The  United  Railroads  of  San  Francisco. 

J.  A.  Blickman  (Univ.  of  Zurich, 
Switzerland,  '04),  after  two  years  post- 
graduate work,  entered  graduate  stu- 
dent course  of  the  Electric  Company, 
then  manager  of  works  department 
specializing  on  the  introduction  of  high 
speed  steel  and  its  resulting  changes  in 
machine  tools,  and  also  the  introduc- 
tion of  the  premium  system  ;  after  two 
years  became  general  foreman  of  the 
small  tool  department ;  then  accepted  a 
position  in  Germany  with  the  Maffei 
Works  near  Berlin,  helj  ing  to  erect  a 
shop  for  the  construction  of  electric 
locomotives  and  railway  apparatus ; 
followed  by  a  position  as  superintend- 
ent of  the  Bergmann  Electrical  Works 
in  the  construction  of  turbines  and 
large  electrical  machinery ;  then  re- 
turned to  the  Electric  Company  at  E. 
Pittsburgh  as  assistant  superintendent 
of  the  department  of  switchboards  and 
detail  appaiatus. 

C.  A.  BoDDiE  (Univ.  of  Pitt.,  '08)  en- 
tered the  employ  of  the  Electric  Com- 
pany in  1903  in  the  fuse  and  wire  de- 
partment, being  transferred  shortly  to 
the  draughting  department :  left  the 
company  in  1904  to  enter  the  Univer- 
sity of  Pittsburgh,  graduating  in  1908; 
then  with  Jones  &  Laughlin  on  elec- 
trical repair  work  and  subsequently 
general  wiring  work  with  the  Pitts- 
burgh Railways  Company ;  returned  to 
the  Electric  Company  in  1909,  spending 
one  year  as  a  graduate  student ;  was 
transferred  to  the  erecting  department 
of  the  Boston  office,  remaining  for  a 
period  of  three  years,  when  he  returned 
to  East  Pittsburgh  in  the  detail  and 
supply  engineering  department  special- 
izing on  meters. 

H.  F.  BoE  commenced  work  of  an  en- 
gineering nature  with  the  Russell  En- 
gine Company  of  Massillon.  Ohio,  in 
1899,  remaining  until  1901 ;  then  came  to 
the  Electric  Company  in  the  motor 
winding  department,  was  transferred  in 
succession  to  the  inspection,  testing, 
general  engineering  and  industrial  and 
power  sales  departments,  in  the  latter 
two  of  which  he  has  specialized  on  mo- 
tors and  control  apparatus  for  printing 
presses,  laundry,  bakerv  and  confection- 
ery machinery,  and  fans  and  blowers. 

*D.  S.  Bowman,  commercial  engineer, 
industrial  and  power  sales  department. 
Electric  Company. 

*Q.  A.  Brackett.  detail  and  supply 
engineering  department.  Electric  Com- 
pany. 

*GRAH.\Nr  Bright,  general  engineer- 
ing department,  Electric  Company,  in 
connection  with  the  application  of  mo- 
tors and  control  apparatus  to  industrial 
service. 

W.  G.  Brooks,  railway  and  lighting 
sales  department.  Chicago  district  office. 
Electric  Company. 

Douglas  Burnett,  manager,  com- 
mercial department.  Consolidated  Gas, 
Electric  Light  &  Power  Company,  Bal- 
timore. Md. 

E.  F.  C.^RPEXTER  (Univ.  of  Minn.. 
'11),  graduate  student  course  of  the 
Electric   Company   for   two  years ;   then 


entered  the  detail  and  supply  sales  de- 
partment, remaining  to  date,  specializ- 
ing on  heating  apparatus. 

L.  W.  Chubb  (Ohio  State  Univ., 
'05).  graduate  student  course,  Electric 
Company  one  year ;  then  a  year  in  test- 
ing and  standards  department;  entered 
the  research  engineering  department  in 
1907,  remaining  to  date.  At  present, 
engineer  in  charge  of  the  electrical  sec- 
tion on  magnetic  and  electrotechnical 
research. 

E.  L  Chute  (Univ.  of  Tenn.,  '04). 
for  one  year  instructor  in  mechanical 
engineering  in  the  Agricultural  and 
Mechanical  College  of  New  Mexico ; 
then  came  to  Electric  Company  for  two 
years  as  a  graduate  student ;  then  en- 
tered the  testing  department  where  he 
has  remained  to  date,  having  been  pro- 
moted to  the  position  of  assistant  su- 
perintendent of  testing  in  April,  1913. 

*C.  S.  Cook,  manager,  railway  and 
licrhting  sales  department.  Electric  Com- 
pany. 

L.  P.  Crecelius,  superintendent  of 
power,  Cleveland  Railway  Company, 
Cleveland,   O. 

J.  M.  CuRTiN  (Penn.  State,  '98)  took 
charge  of  the  electrical  equipment  and 
operation  of  the  Quinnimont  Coal  & 
Coke  Company  of  W.  Va.  for  a  short 
time,  followed  by  a  two-year  course  as 
graduate  student  with  the  Electric 
Company ;  entered  the  sales  department 
of  the  Electric  Company ;  on  alternat- 
ing-current apparatus  for  two  years ; 
followed  by  a  position  in  the  ofiice  of 
Mr.  F.  H.  Taylor,  vice  president  at 
New  York,  retnaining  two  years ;  in 
1905  returned  to  East  Pittsburgh  in  the 
industrial  and  power  sales  department, 
being  made  assistant  to  the  manager  in 
1909,  and  in  1913  becoming  manager  of 
the  department. 

*W.  M.  Dann,  transformer  engineer- 
ing department.  Electric  Company. 

W.  A.  .D.\RRAH  (Worcester  Polytech- 
nic Inst.,  '10)  entered  U.  S.  Patent  Of- 
fice as  patent  examiner;  later  became  a 
registered  patent  attorney;  later  with 
the  Western  Electric  Company  in 
the  development  division,  finally  becom- 
ing engineer  in  charge  of  lightning  ar- 
resters and  protective  devices  with  this 
company :  entered  the  employ  of  the 
Electric  Company  as  engineer  in  charge 
of  lighting  apparatus  in  1912,  remain- 
ing to  date. 

A.  R.  Dexnington  (Penn.  State,  '03- 
'05),  assistant  and  instructor  in  elec- 
trical engineering  at  Pennsylvania  State 
College,  "1903  to  1907;  assistant  princi- 
pal, electrical  department.  International 
Correspondence  Schools.  1907-1911.  in- 
cluding one  year  in  London.  England, 
with  the  International  Correspondence 
Schools,  Ltd. ;  with  Westinghouse  Lamp 
Company,  191 1  to  date,  in  charge  of 
lamp  development. 

*G.  C.  Dill,  detail  and  supply  divis- 
ion, engineering  department.  Electric 
Company. 

*E.  P.  Dillon,  assistant  to  manager, 
railway  and  lighting  sales  department. 
Electric  Company. 

*C.  R.  DooLEY,  president.  Casino 
Technical  Night  School ;  secretary  edu- 
cational committee.  Electric  Company. 

*C.  W.  Drake,  commercial  engineer  on 
motor  applications,  industrial  and  power 
sales  department.  Chicago  district  office. 
Electric  Company. 
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*A.  M.  Dudley,  industrial  division, 
engineering  departmenl.  Electric  Com- 
pany. 

*S.  W.  Dudley,  assistant  chief  engi- 
neer, Westinghouse  Air  Brake  Com- 
pany. 

*H.  B.  DwiGHT,  engineer  on  direct- 
current  design,  Canadian  Westinghouse 
Company,  Hamilton,  Ont.,  Canada. 

*G.  M.  E.\T0N,  engineer  in  charge, 
railway  division,  engineering  depart- 
ment. Electric  Company. 

Wm.  C.  L.  Ec.lin,  second  vice  presi- 
dent, Philadelphia  Electric  Company. 
Philadelphia,   Pa. 

*R.  S.  Feicht,  manager  of  engineer- 
ing. Electric  Company. 

H.  W.  Flashman  (Univ.  of  Sydney, 
N.  S.  W.,  Australia,  Columl/a  Univ., 
'10),  after  experience  in  railway  work, 
entered  engineering  apprenticeship  the 
Electric  Company  in  1907 ;  in  IQ09, 
witli  Mr.  S.  N.  Clarkson ;  spent  si.x 
months  in  a  detailed  study  of  European 
practice  in  power  plant  operation  and 
construction  and  in  railroad  electrifica- 
tion; in  ion  was  retained  by  the  Amer- 
ican Electric  Railway  Association  to 
devise  and  inaugurate,  under  the  direc- 
tion of  Professor  H.  H.  Norris,  a  cor- 
respondence system  of  education  for  the 
younger  employes  of  the  electric  rail- 
roads ;  now  with  New  York  office,  Elec- 
tric Company,  specializing  in  railroad 
and   power  plant   work. 

*S.  A.  Fletcher,  industrial  and  power 
sales  department.  Electric  Company. 

Wm.  Foot  took  a  mechanical  engi- 
neering apprenticeship  course  with  the 
London  Machine  Tool  Company,  Lon- 
don, Ontario ;  was  five  years  on  devel- 
opment work  for  the  Canister  Machine 
Company  and  the  Canada  Can  Com- 
pany; since  l8g8  in  the  engineering  de- 
partment of  the  Electric  Company. 

♦Charles  Fortescue,  transformer  di- 
vision, engineering  department,  Electric 
Company. 

E.  E.  Garlits  (Casino  Technical 
Night  School,  '11)  entered  the  appren- 
ticeship course  of  the  Electric  Com- 
pany in  1007,  and  on  completion  was 
transferred  to  the  detr.il  and  supply 
sales  department,  repair  division,  re- 
maining until  1912,  when  he  went  to  the 
Philadelphia  repair  shop  of  the  Elec- 
tric Company;  at  present  in  the  detail 
and  supply  sales  department  specializ- 
ing on  fan  motors  and  ozonizers. 

John  Gelzer,  Jr.  (Clemson,  '04") 
joined  the  Electric  Company  at  East 
Pittsburgh  in  1905  on  testing  work ; 
later  as  student  engineer,  then  in  the 
industrial  and  power  sales  department ; 
in  1907  entered  the  Atlanta  district  of- 
fice as  sales  engineer,  and  supervised 
work  of  Birmingham  sub-oflice  for  four 
and  a  half  years ;  now  assistant  to  dis- 
trict manager,  Atlanta  office. 

John  J.  Gibson  (Lehigh  Univ.,  '95), 
machinist's  apprentice,  1890-OI,  Penn- 
sylvania Agricultural  Works,  York.  Pa. : 
first  entered  employ  of  Electric  Com- 
pany summer  of  1894,  leaving  to  com- 
plete course  at  Lehigh  Univ.,  rc-cntcring 
the  works  1895;  1896  entered  the  em- 
ploy of  American  Tel.  &  Tel.  Company 
as  inspector  in  New  York  City ;  1897 
manager  seventh  district  American  Tel. 
&  Tel.  Company,  Norfolk,  Va.  ;  1898 
nianager_ Southern  Rell  ^el.  &  Tel.  Com- 
pany, Richmond,  Va. ;  1900  re-entered 
employ  of  Electric  Company  in  Chicago 
sales  office  as  chief  correspondent;  be- 
came salesman  in  Chica.go  office,  hand- 
ling large  industrial  customers,  1902; 
transferred  to  Philadelphia  office  1005 ; 
appointed  manager  Philadelphia  office 
Electric  Company,  1906. 


R.  E.  Oilman  (Lcland  Stanford 
Univ.,  '99),  student  course  of  the  Elec- 
tric Company  for  a  year  and  a  half; 
then  entered  engineering  department  on 
the  design  of  alternating-current  appa- 
ratus; left  to  take  charge  of  induction 
motor  design  with  the  British  West- 
inghouse Company  in  1904,  subsequently 
taking  over  all  direct-current  design, 
including  railway  apparatus;  returned 
to  the  Electric  Company  at  E.  Pitts- 
burgh in  1908  to  design  large  direct- 
current  units;  from  1913  to  the  present 
time  has  been  section  engineer  in  charge 
of  turbo-generator  design,  both  direct 
and  alternating  current. 

♦G.  Brewer  Griffin,  manager,  detail 
and  supply  sales  department,  Electric 
Company. 

F,  D.  Hallock  (Lehigh  Univ.,  '94), 
assistant  engineer  and  inspector  sew- 
age system  layout  and  construction, 
Springfield,  N.  J.,  '94-95  ;  in  charge  of 
White  Plains  Electric  Street  Railway, 
White  Plains,  N.  J.,  representing  L.  W. 
Sewell,  of  New  York,  '95-96;  with 
Crocker-Wheeler  Company,  Ampere, 
N.  J.,  on  designing  and  estimating, 
'96-98 ;  with  Electric  Vehicle  Company, 
designing  original  line  of  hansoms  and 
broughams,  electric  pleasure  carriages 
(and  trucks;  becoming  inspector  of  car- 
riage body  construction  under  contracts 
and  later  taking  up  costs  and  estimating 
in  the  same  work,  '98-01  ;  came  to  the 
Electric  Company  in  '01  in  the  vehicle 
motor  and  control  departments  on  de- 
signing, testing  and  commercial  work, 
followed  in  succession  by  positions  in 
the  detail  engineering  department  on 
drum  control  and  resistance  for  indus- 
trial service,  in  tlie  industrial  engineer- 
ing department  in  the  design  of  general 
industrial  control,  in  the  detail  and  sup- 
ply engineering  department  in  charge  of 
the  rheostat  section  covering  rheostats 
and  resistance  for  the  hand  control  of 
motors  and  generators,  in  the  general  en- 
gineering department  on  control  appli- 
cations, and  for  the  last  two  vears  sec- 
tion engineer  in  charge  of  the  control 
section  of  the  industrial  engineering 
department. 

E.  A.  Hanff  (Worcester  Polytech- 
nic Inst.,  '10),  for  two  years  graduate 
student  Electric  Company,  then  entered 
the  control  section  of  the  engineering 
department  on  the  design  and  applica- 
tion of  electric  brakes  and  hand- 
operated  machine  tcol  controllers;  is 
now  handling  in  addition  direct-current 
automatic  control  apparatus. 

K.  L.  Hansen  (Univ.  of  Illinois) 
came  to  the  United  States  in  1901  to 
enter  the  employ  of  the  Western  Elec- 
tric Company,  remaining  one  and 
on, '-half  years,  then  entered  the  Uni- 
versity of  Illinois,  remaining  until 
1905 ;  entered  the  employ  of  the  Rock 
Island  Railroad ;  then  with  the  Chicago 
Edison  Company  in  the  underground 
department ;  later  a  sub-station  opera- 
tor until  1906,  when  he  came  to  the 
Electric  Company  in  the  wiring  depart- 
ment, shortly  entering  the  draughting 
departmenl  and  subsequently  the  test- 
ing de|)artment  and  curve  office ;  in 
1000  was  placed  in  charge  of  the  curve 
otlice  and  in  191 1  in  charge  of  the  curve 
section  of  the  industrial  engineering 
department ;  in  1012  entered  upon  the 
design  of  direct-current  motors,  re- 
maining to  date. 

C.  M.  Hardin  (LTniv.  of  Nebraska. 
'09,  '10)  took  the  apprenticeship  course 
of  The  Westinghouse  Machine  Com- 
pany, starting  in  1910;  after  one  and 
one-half  years  in  the  department  of 
pricing  and  estimating  on  shop  machine 


operations;  in  191 2  entered  the  public- 
ity department,  remaining  to  date. 

*P.  N.  Hakwson,  San  Francisco  dis- 
trict office,  Electric  Company. 

J.  L.  Harvey  (Worcester  Polytech- 
nic Inst.,  '10),  after  apprenticeship 
course  with  Electric  Company,  entered 
the  switchboard  drafting  department; 
since  1913,  assistant  to  the  system  oper- 
ator of  the  Duquesne  Light  Company, 
Pittsburgh,  Pa. 

G.  C.  Hecker  (Carnegie  Inst,  of 
Tech.)  entered  employ  of  Pittsburgh 
Railways  Company  December,  1910; 
load  dispatcher  of  this  company,  191 1- 
12 ;  chief  electrician  since   1912. 

*R.  E.  Hellmund,  railway  engineer- 
ing department.  Electric  Company. 

John  S.  Henderson  (Univ.  of  N. 
Carolina,  '02),  with  Electric  Company 
as  graduate  student  two  years,  then 
entered  construction  department,  which 
included  experience  in  turbine  testing; 
in  1907  became  electrical  engineer  Balti- 
more County  Water  &  Electric  Co.,  fol- 
lowed by  a  position  as  general  manager 
of  the  Roanoke  Virginia  Water  Power 
Co. ;  later  consulting  engineering  work 
of  a  general  nature  in  the  state  of 
North  Carolina ;  leaving  this  to  take  a 
position  with  the  Electric  Company  at 
P2ast  Pittsburgh  for  two  vears ;  the  fol- 
lowing two  years  were  spent  on  textile 
work  in  the  Boston  office  of  the  com- 
nany,  from  which  he  recently  returned 
to  East  Pittsburgh  for  similar  work  in 
the  industrial  and  power  sales  depart- 
ment. 

S.  L.  Henderson  (Mass.  Inst.,  of 
Tech.,  '10),  employed  in  the  testing  de- 
partment of  the  Electric  Company  for 
three  years,  then  transferred  to  the 
p:>wer  division  of  the  engineering  de- 
partment on  the  design  of  turbo-genera- 
tors, remainmg  to  date. 

*J.  M.  HippLE,  engineer  in  charge,  in- 
dustrial division,  engineering  depart- 
ment,  Electric  Companv. 

W.  M.  HoEN  (Purdue  Univ.,  '03), 
graduate  student  with  the  Electric  Com- 
pany, followed  by  experience  for  a 
short  time  in  the  railway  engineering 
department;  then  went  to  Mexico  on 
construction  and  operating  work  for  the 
El  Oro  Mining  &  Railway  Company 
and  the  Cia  Minera  las  Dos  EstrcUas. 
remaining  for  approximately  five  years, 
in  the  meantime  doing  considerable  con- 
sulting engineering  vork ;  then  to  the 
Pacific  coast  for  two  years  on  railway 
and  high  .ension  tran.'mission  work, 
returning  to  the  Electric  Company  as 
general  engineer  on  mining,  dredging 
and   similar  applications. 

*G.  H.  F.  Holy,  railway  division,  en- 
gineering department.  Electric  Company. 

♦F.  L.  Hutchinson,  secretary,  Amer- 
ican Institute  of  Eectrical  Engineers. 

L.  E.  I.MLAV.  superintendent.  The  Ni- 
agara Falls  Power  Company,  Niagara 
Falls,  N.  Y. 

■^R.  P.  Jackson,  research  division,  en- 
gineering department.  Electric  Company. 

*H.  p.  James,  assistant  to  manager 
of   engineering.   Electric   Company. 

*J.  S.  Jenks,  assistant  general  man- 
ager. West  Penn  Traction  &  Water 
Power  Company.  Pittsburgh.  Pa. 

F.  B.  Jewett  (LIniv.  of  Chicago,  '02). 
for  two  years  research  assistant  and 
for  two  years  instructor  in  physics  and 
electrical  engineering  at  Massachusetts 
Inst,  of  Tech. ;  entered  engineering  de- 
partment of  the  American  Tel.  S:  Tel. 
Company  in  1904 :  transmission  and  pro- 
tection engineer  of  that  company,  1907- 
1912 ;  assistant  chief  engineer  of  the 
W'estern  Electric  Company,  1912  to  date. 

J.  A.  Johnson   (Worcester  Polytech- 
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nic  Inst.,  '05),  entered  the  engineering 
department  of  the  Ontario  Power  Com- 
pany of  Niagara  Falls  in  1905 ;  in 
charge  of  electrical  engineering  depart- 
ment of  this  company  since  1911;  ap- 
pointed electrical  engineer  in   1912. 

C.  N.  Johnson  (Univ.  of  Wis.,  '09), 
graduate  student  Electric  Company  one 
and  one-half  years,  followed  by  experi- 
ence in  testing  department  for  a  similar 
period,  then  entered  the  industrial  and 
power  sales  department,  remaining  to 
date  as  a  commercial  engineer. 

T.  J.  Johnston  (Ag.  &  Mech.  Col- 
lege of  Texas,  '11)  came  to  the  Electric 
Company  as  a  graduate  student,  spend- 
ing two  years,  after  which  he  was  trans- 
ferred to  the  manager  of  works  depart- 
ment in  the  department  of  standards, 
processes  and  materials. 

W.  R.  Johnston  (Univ.  of  Mich., 
'09),  graduate  student  course  the  Elec- 
tric Company,  including  training  in  the 
manufacture  and  testing  of  meters; 
then  entered  the  industrial  and  power 
sales  department  in  1911.  specializing 
on  motors  and  control  apparatus  for  the 
oil    well    and    metal    mining    industries. 

T.  I.  Jones  (Mass.  Inst,  of  Tech., 
'96).  -with  the  inspection  and  executive 
departments  of  the  American  Tel.  & 
Tel.  (Company,  1896;  illuminating  engi- 
neer with  the  North  Lamp  Company  in 
New  York,  1907:  organized  the  sales 
department  and  became  sales  manager 
of  the  United  Electric  Light  &  Power 
Company  of  New  York:  since  1909. 
general  sales  agent  of  the  Brooklyn 
Edison    Company. 

R.  L.  KiMBER  (Syracuse  Univ..  '09), 
graduate  student  course  the  Electric 
Company,  later  accepted  a  position  in 
the  industrial  and  power  sales  depart- 
ment ;  specialized  to  date  on  the  refrig- 
erating and  air  compressing  industries 
and  has  been  associated  with  the  man- 
ufacture and  development  of  syn- 
chronous motors  and  their  control  ap- 
paratus as  applied  to  these  industries. 

*G.  B.  KiRKER,  railway  and  lighting 
sales  department.  Los  Angeles  district 
office.  Electric  Company. 

*H.  L.  KiRKER,  service  department, 
Electric   Company. 

L.  M.  Kl.'\uber  (Stanford  Univ.,  '08). 
engineering  apprentice,  Electric  Com- 
pany to  '10.  With  the  San  Diego  Con- 
solidated Gas  and  Electric  Company, 
from  Feb.,  '11,  to  date,  serving  as  light- 
ing solicitor  to  Dec,  '12;  engineer  of 
records  to  July.  '14,  and  superintendent 
of   electric   department. 

W.  \.  L.\DuE  became  associated  with 
the  Watertown  Electric  Lighting  Co.. 
Ltd.,  in  1886 :  with  the  United  ^  States 
Illuminating  Company.  1888 ;  with  the 
Jersey  City  Electric  Company  (1889) 
and  its  successors  to  date. 

*M.  B.  L.^MBERT.  assistant  to  manager, 
railway  and  lighting  sales  department, 
Electric  Company. 

*B.  G.  L.\MMEj  chief  engineer.  Elec- 
tric Company;  chairman,  publication 
committee,  The  Electric  Jourx.\l. 

C.  D.  L.-\MoREE,  detail  and  supply  de- 
partment. Los  Angeles  district  office. 
Electric  Company. 

J.  T.  L.\w.soN,  assistant  superintend- 
ent. United  Electric  Company.  Hoboken, 
N.  J.,  l897-'o6;  chief  electrician,  Marion 
power  station.  Public  Service  Electric 
Company,  Jersey  City.  N.  J.,  i9o6-'i2; 
chief  operator.  Public  Service  Electric 
Co..  Newark,  N.  J.,  to  date. 

*Berx.\rd  Lester,  commercial  engi- 
neer in  charge  of  small  motor  applica- 
tions, industrial  and  power  sales  depart- 
ment. Electric  Company. 


C.  G.  Lewis  (Sheffield  Scientific 
School,  '10),  graduate  student  course 
Electric  Company  for  one  and  one-half 
years,  followed  by  a  position  in  the  in- 
dustrial engineering  department  on  the 
design  of  direct-current  motors. 

W.  P.  L'Ho.M.MEDiEU  (Pratt  Inst., 
'06),  eitgincering  apprenticeship  course 
Electric  Company,  I9<.6;  with  the  trans- 
former engineering  department.  1907- 
1909;  with  the  railway  and  lighting 
sales  department,  1910;  railway  depart- 
ment, San  Francisco  district  office  since 
1910;  at  present  manager  railway  and 
lighting  division  of  this  office. 

♦P.  M.  Lincoln^  general  division,  en- 
gineering department.  Electric  Com- 
pany; publication  committee,  The  Elec- 
tric Journ.\l;  president,  .American 
Institute  of  Electrical  Engineers. 

E.  W.  LloyDj  general  contract  agent. 
Commonwealth  Edison  Company,  Chi- 
cago, 111. 

W.  O.  LuM,  with  the  Magneto  Elec- 
trical Company  of  Amsterdam,  N.  J., 
as  stock  and  tool  room  keeper  on  indus- 
trial motor  and  controlling  devices; 
then  associated  with  Mr.  C.  E.  Story 
of  the  Globe  Electric  Controller  Com- 
pany of  Amsterdam,  N.  J.,  in  general 
manufacturing  and  testing  work;  en- 
tered tlie  employ  of  the  General  Elec- 
tric Company  in  1905,  as  development 
engineer  in  charge  of  control  ap- 
paratus, remaining  until  1911  ;  came 
to  the  Electric  Company  in  191 1  in  the 
general  engineering  department,  fol- 
lowed by  a  position  in  the  control  di- 
vision of  the  engineering  department  in 
charge  of  development  work. 

*P.\uL  M.\cGah.\n,  detail  and  sup- 
ply division,  engineering  department. 
Electric  Company. 

J.  B.  McC.\LL,  president  National 
Electric  Light  .'Association ;  president. 
The  Philadelphia   Electric   Company. 

*W.  M.  McCoN.VHEV,  engineer  in 
charge,  transformer  division,  engineer- 
ing department.  Electric  Company. 

*H.\R0LD  McCready,  electrical  depart- 
ment, Unio'n  Switch  &  Signal  Company. 

T.  A.  McDowell,  head  of  watt-hour 
meter  division  and  switchboard  instru- 
ment and  protective  division  of  the  de- 
tail and  supply  sales  department,  Elec- 
tric  Company. 

.Alex.  McIver,  railway  and  lighting 
sales  department.  New  York  district  of- 
fice. Electric  Company. 

Merritt  C.  McNeil  (Univ.  of_  Mich., 
'02)  became  a  draughtsman  with  the 
F.  F.  Van  Tuyl  Company;  1902-03  erec- 
tion engineer  with  Wabash  Portland 
Cement  Company;  1903-04.  chief 
draughtsman  Olds  Motor  Works,  later 
becoming  assistant  mechanical  engineer ; 
1904  salesman  with  R.  D.  Wood  & 
Company ;  1904-00  salesman  with  The 
Westinghouse  Machine  Company ;  190Q 
to  date,  commercial  engineer.  The 
Westinghouse   Machine   Company. 

*J.  N.  Mahoxey,  switchboard  divi- 
sion, engineering  department.  Electric 
Company. 

E.  C.  Morse  (Worcester  Polytechnic 
Inst.,  '06"),  sales  engineer  the  Electric 
Company,  1906;  Boston  office.  Electric 
Company,  to  date. 

Arthur  J.  Motyer  (Mount  Allison 
Univ..  Sackville,  N.  B. ;  obtained 
Rhodes'  Scholarship  and  spent  three 
years  at  O.xford  Univ.  ;  McGill  Univ.. 
'll)  entered  engineering  apprenticeship 
course  of  the  Canadian  Westinghouse 
Company ;  after  graduation,  was  trans- 
ferred to  engineering  department  after 
one  year.  At  present  is  servin,g  in  the 
overseas  contingent  of  Canadian  Field 
Artillery. 


H.  C.  Nagel  (Cornell  Univ.,  '04), 
graduate  student,  Electric  Company, 
then  entered  the  detail  and  supply  en- 
gineering department  on  rheostat  de- 
sign,  taking   charge   of    this   section    in 

191 1. 

*F.  D.  Newbury,  engineer  in  charge, 
power  division,  engineering  department, 
IJlectric  Company ;  associate  editor,  The 
IClectkic  Journal. 

*S.  L.  Nicholson,  sales  manager, 
Electric  Company. 

W.  B.  Nicklas  (Casino  Technical 
Night  School,  '11)  entered  the  employ 
of  the  Electric  Company  in  1902  as  a 
tester  of  electrical  apparatus,  remain- 
ing on  this  work  until  1906,  when  he 
was  made  an  instructor  in  the  indus- 
trial motor  winding  department;  fore- 
man of  induction  motor  winding, 
1907-11  ;  followed  by  a  year  as  foreman 
of  graduate  students;  entered  the  in- 
dustrial and  power  sales  department  in 

1912,  handling  motors  and  control  ap- 
paratus, wood  working  machinery, 
motor-generator  sets,  machine  tools  and 
metal  working  plants. 

O.  W.  A.  Oetting  (Carnegie  Inst,  of 
Tech.,  '10)  had  one  j'ear's  experience 
in  the  testing  department  of  the  Elec- 
tric Company,  then  entered  the  research 
engineering  departinent  in  electrical  and 
magnetic  investigations. 

*W.  H.  Patterson,  in  charge  of  resale 
division,  industrial  and  power  sales  de- 
partment. Electric  Company. 

*W.  O.  Peale,  in  charee  of  heating 
division,  detail  and  supply  sales  depart- 
ment. Electric  Company. 

*J.  S.  Peck,  consulting  engineer,  Brit- 
ish Westinghouse  Electric  &  Mfg.  Com- 
pany; associate  editor,  The  Electric 
Journal. 

*T.  S.  Perkins,  engineer  in  charge, 
detail  and  supply  division,  engineering 
department,  Electric  Company. 

*Luther  P.  Perry,  power  engineer, 
The  Narragansett  Electric  Lighting 
Company,  Providence,  R.  I. 

*J.  F.  Peters,  transformer  division, 
engineering  department,  Electric  Com- 
pany. 

*G.  Pontecorvo,  industrial  division, 
engineering  department,  Electric  Com- 
pany. 

L.  Pontecorvo  (Univ.  of  Turin.  '94'), 
assistant  to  Professor  Galileo  Ferraris 
for  one  year ;  went  to  Ganz  &  Company, 
Budapest,  and  with  Mr.  K.  de  Kando 
started  the  first  experiments  for  the 
three-phase  electrification  of  the  experi- 
mental line  built  by  Ganz  &  Company  in 
Budapest ;  in  Italy  on  the  electrification 
of  the  Valtellina  line  in  1902;  shortly 
after  left  tlie  emplov  of  Ganz  &  Com- 
pany, and  with  Mr.  de  Kando  joined  the 
Westinghouse  interests  in  Europe  and. 
under  Mr.  Westinghouse.  co-operated 
in  the  founding  of  the  Societa  Italiana 
Westinghouse.  with  which  company  he 
has  been  associated  to  date ;  at  present 
one  of  the  managers  of  this  company 
and  a  member  of  the  board  of  directors. 

*.\.  G.  PoPCKE,  for  the  past  two  years 
associated  in  the  industrial  and  power 
sales  department  with  the  development 
of  new  electrical  apparatus  for  indus- 
trial applications  particularly  motors 
and  their  control. 

R.  R.  Potter,  superintendent  of  equip- 
ment. New  York,  Westchester  &  Boston 
Railway.  Previously  connected  with 
Interbnrough  Rapid  Transit  Company. 
Long  Island  Railroad  Company.  Hudson 
&  Manhattan  Railroad  Company,  and 
the  engineering  firm  of  L.  B.  .Stillwell. 

W.  A.  Rankin  entered  the  testing 
department  of  the  Electric  Company  in 
1889 ;  was  with  the  Phoenix  Iron  Works 
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Company  of  Meadville,  Pa.,  as  erector 
of  steam  plants  during  1890-93 ;  again 
with  the  Electric  Company  as  erector 
from  1894-96 ;  with  the  Anaconda  Cop- 
per Mining  Company  from  1896-02,  in 
their  street  railroad  department,  electro- 
lytic refinery  department,  and  as  fore- 
man of  electrical  construction  on  their 
new  smelting  works;  with  the  Michigan 
Smelting  Company,  Houston,  Mich.,  as 
superintendent  of  all  construction, 
1903-05 ;  and  with  the  Copper  Range 
Consolidated  Company  as  electrical  en- 
gineer from   1906  to  date. 

*H.  A.  Rapelye,  Pittsburgh  office. 
The  Westinghouse   Machine  Company. 

*E.  G.  Reed,  transformer  division,  en- 
gineering department,  Ele;tric  Company. 

*A.  E.  RiCKARDs,  general  manager. 
Industrial  Engineering  Company,  Pitts- 
burgh, Pa. 

F.  E.  RiCKETTS,  superintendent  of 
electric  stations,  Consolidated  Gas,  Elec- 
tric Light  &  Power  Company,  Baltimore, 
Md. 

*Chas.  R.  Riker,  technical  editor. 
The  Electric  Journal. 

W.  M.  Ronoi.NS  (Cornell  Univ.,  'eg), 
one  year  graduate  student  course  the 
Electric  Company ;  followed  by  a  study 
of  the  use  of  electricity  in  the  coal 
fields  nf  West  Virginia  for  a  year ;  in 
the  industrial  and  power  sales  depart- 
ment on  mining  and  other  industrial 
locomotive  work. 

W.  H.  RoLiNSON,  commercial  engi- 
neer, Westinghouse  Lamp  Company ; 
previously  connected  with  the  Electrical 
Testing  Laboratories. 

*G.  W.  RoosA,  detail  and  supply  sales 
def)artment.  Electric  Company. 

*(j.  B.  RosE.vBLATT.  commercial  engi- 
neer. Electric  Company,  specializing  on 
mining  work  in  the  western  district  of 
the  L^nited  States. 

*Chas.  F.  Scott,  professor  of  elec- 
trical engineering,  Sheffield  Scientific 
School,  Yale  Univ.  ;  associate  editor. 
The  Electric  Journal. 

Thomas  Shaw  (Mass.  Inst,  of  Tech., 
'05).  since  graduation,  employed  in  the 
transmission  and  protection  division,  en- 
gineering department,  American  Tel.  & 
Tel.  Company,  being  principally  engaged 
in  the  design  and  development  of  coils 
for  use  in  telephone  and  telegraph  cir- 
cuits. 

T.  E.  Simpers  (Univ.  of  Penn.,  '07). 
graduate  student  course  the  Electric 
Company :  then  in  the  industrial  and 
power  sales  department  in  connection 
with  the  sale  of  motors  and  their  con- 
trol apparatus  for  the  rubber,  paper, 
cement,  brick,  quarrv.  grain  elevator, 
f5our  mill  and  glass   industries. 

*C.  E.  Skin'N'ER,  engineer  in  charge, 
research  division,  engineering  depart- 
ment. Electric  Company ;  associate  edi- 
tor. The  Electric  Jourxal. 

*B.  H.  Smith,  detail  and  supply  divi- 
sion, engineering  department.  Electric 
Company. 

H.  M.  SouTHG.\TE  (Worcester  Poly- 
technic Inst..  '92.  nost-graduate.  '93), 
with  the  Electric  Company  at  East  Pitts- 
burgh until  1895,  afterwards  being  con- 
nected with  the  Boston  sales  office  until 
1899 :  held  positions  as  district  office 
manager,  manager  of  the  plant  depart- 
ment, deputy  sales  manager  with  the 
British  Westinghouse  Contpany  in  Lon- 
don and  Manchester,  England,  until 
1910 :  since  which  date  has  been  man- 
ager of  the  Washington.  D.  C,  office  of 
the  Electric  Company. 

F.  C.  Stan-ford,  after  leaving  schcol, 
became  interested  in  various  small  pub- 
lic utilities   in   Illinois   as   manager  and 


part  owner ;  with  the  Rocky  Mountain 
Bell  Telephone  Company  in  Idaho  and 
Utah  for  five  years  as  district  manager 
and  division  superintendent;  became 
general  superintendent  of  American 
Falls  Power  Company  and  Idaho  Con- 
solidated Power  Company ;  later  with 
Peoria  Gas  &  Electric  Company  and 
United  States  Gas  &  Electric  Company; 
with  the  Cleveland  Cliffs  Iron  Com- 
pany as  chief  electrician  since  1910. 

*C.  W.  Starker,  industrial  division, 
engineering  department,  Electric  Com- 
pany. 

B.  W.  Stem  M ERICH  took  charge  of 
shop  production  and  records  with  the 
Electric  Company  in  1892;  1895-1900 
was  in  charge  of  all  general  order  and 
stock  order  production ;  1900-1904  in 
charge  of  sales  correspondence  on  di- 
rect-current locomotives  and  motors ; 
1904  to  date,  equipment  division,  rail- 
way and  lighting  sales  decartment. 

W.  W.  Stevenson  (Kentucky  State 
Univ,.  '11),  with  the  Babcock  &  Wilcox 
Boiler  Company,  Barberton,  Ohio,  for 
a  short  time,  leaving  this  company  to 
take  a  position  as  assistant  to  the  works 
steam   engineer.    Electric   Company. 

G.  E.  Stoltz  (Ohio  State  Univ..  '09), 
graduate  student  course  Electric  Com- 
pany, remaining  for  two  years  ;  at  pres- 
ent general  engineering  department  on 
the  application  of  motors  and  their 
control  to  steel  mills. 

*E.  C.  Stone,  .system  operator,  Du- 
quesne  Light  Company,  Pittsburgh. 

*N.  W.  Storer,  general  railway  engi- 
neer, engineering  department.  Electric 
Company ;  associate  editor  The  Elec- 
tric Journal. 

*A.  F.  Strouse,  Industrial  Engineer- 
ing Company,  Pittsburgh,  Pa. 

Wilfred  Svkes  (Melbourne  Univ., 
Australia,  1900)  entered  the  employ  of 
the  AUgemeine  Elektricitats  Gesellshaft 
as  general  engineer  and  manager,  fol- 
lowed by  two  years  vrith  the  same  com- 
pany in  Berlin  as  engineer  on  large  in- 
dustrial applications ;  then  came  to  the 
Electric  Company,  remaining  to  date  as 
general  engineer  in  charge  of  the  in- 
dustrial section. 

R.  H.  Taber  (Worcester  Polytechnic 
Inst.,  '09-11").  after  graduation  re- 
mained two  years  as  instructor  in  elec- 
trical engineering  design ;  since  then 
with  the  Electric  Company  on  the  de- 
sign of  direct-current  motors  and 
generators. 

A.  Merritt  Taylor,  four  years'  ap- 
prenticeship course  in  the  machine  tool 
works  of  William  Sellers  &  Company : 
president,  Philadelphia  &  West  Chester 
Traction  Company  since  January,  1899; 
president.  New  Jersey  &  Hudson  River 
Railway  and  Ferry  (Tompany  from  1902 
to  1910;  transit  commissioner.  City  of 
Philadelphia  from  May.  1912.  to  July. 
1913 :  director,  department  of  City  Tran- 
sit. Philadelphia,  since  July,  1913. 

*H.  B.  Taylor,  detail  and  supply  di- 
vision, engineering  department,  Electric 
Company. 

*W.  E.  Thau,  Electric  Company,  gen- 
eral engineering  department  on  the  ap- 
plication of  motors  and  tlveir  control 
apparatus  to  steel  mills. 

Phillips  Thomas  (Ohio  State  Univ., 
'04,  Princeton,  '12)  entered  the  employ 
of  the  W'estern  Electric  Company  as 
tester  and  engineering  draughtsman : 
tlien  instructor  in  electrical  engineering. 
Princeton  L'niversity.  remaining  until 
loii  ;  since  19U  with  the  Electric  Com- 
pany in  research  division,  engineering 
department  on  condensers  and  insula- 
tion characteristics. 


*W.  A.  Thomas,  consulting  engineer, 
Pittsburgh,   Pa. 

♦Calvert  Townley,  assistant  to  presi- 
dent, Electric  Company,  New  York  City. 

Guv  E.  Tripp  entered  the  employ  of 
the  Eastern  Railroad  before  its  consoli- 
dation with  the  Boston  &  Maine,  and 
later  was  employed  by  the  Thompson- 
Houston  Electric  Company  in  the  work 
of  electrifying  the  West  End  Street 
Railway  of  Boston;  upon  the  comple- 
tion of  that  work,  and  at  the  time  of 
the  consolidation  of  the  Thompson- 
Houston  Electric  Company,  with  the 
Edison  Company  into  the  General  Elec- 
tric Company,  he  became  traveling  au- 
ditor for  the  latter.  He  then  joined 
the  Industrial  Improvement  Company, 
which  was  controlled  by  the  General 
Electric  Company,  where  he  had  charge 
of  the  accounting  and  financial  depart- 
ments of  the  interests  owned  by  it.  In 
1897  he  became  connected  with  Messrs. 
Stone  &  \\'cbster,  for  whom  he  man- 
aged the  Western  investments,  which 
lav  principally  in  Texas  and  on  the  Pa- 
cific coast ;  has  advised  and  directed  the 
financing,  organization  and  reorganiza- 
tion of  some  of  the  largest  public  utility 
corporations  in  the  country.  For  some 
time  Mr.  Tripp  was  prominently  iden- 
tified with  the  reorganization  of  the 
Metropolitan  Street  Railway.  New 
York  City,  representing  Stone  & 
Webster.  who  were  retained  by 
the  bondholders'  committee.  He  was 
made  chairman  of  the  joint  committee 
on  reorganization,  and  the  plan  under 
which  the  reorganization  of  the  Metro- 
politan Street  Railway  has  been  effected 
was  drawn  under  his  supervision.  He 
was  vice  president  of  the  Stone  &  Web- 
ster Management  .\ssociation  and  of 
the  Stone  &  Webster  Engineering  Cor- 
poration, from  both  of  which  he  re- 
signed to  devote  all  of  his  time  to  the 
Westinghouse  Company.  .\t  the  time 
of  his  election  as  the  chairman  of  the 
board  of  directors  of  the  Westinghouse 
Electric  &  Mfg.  Company,  Mr.  Tripp 
was  president  of  a  large  number  of  pub- 
lic service  companies  allied  with  the 
Stone  &  Webster  interests.  He  has  re- 
cently been  elected  president  of  the 
West  Penn  Traction  &  Water  Power 
Company. 

G.  T.  TwYFORD  (W.  Va.  Univ.,  'lit, 
with  the  Electric  Company  at  East 
Pittsburgh  in  testing  department  and 
railway  engineering  department.  1911- 
1913:  since  191?  master  mechanic,  the 
Pittsburgh,  Harmony,  Butler  &  New 
Castle   Railway   Company. 

B.  H.  Ulrich  (Carnegie  Inst,  of 
Tech.,  '08).  engineering  apprentice  with 
the  Electric  Company,  1909-11;  with 
Pennsylvania  Railroad  as  inspector  of 
electric  locomotives  at  New  York  City; 
with  the  Electric  Company  on  motor  ap- 
plications to  machine  tools,  1911-12; 
with  Industrial  Engineering  Company  of 
Pittsburgh,  1912-14 :  general  engineering 
department.  Electric  Company  on  elec- 
tric vehicle  motor  applications  to  date. 
Gordon-  W'eaver  (Penn.  State, '05.  '09) 
entered  the  student  course  of  the  Elec- 
tric Company  after  graduation;  in  1905 
in  inspection  department  of  the  L^nion 
Switch  &  Signal  Companv  at  Swissvale, 
and  was  later  transferred  to  the  engi- 
neering department  of  the  latter  com- 
panv ;  in  December.  1906,  went  with  he 
Animas  Power  &  Water  Company,  of 
Silverton,  Colorado,  as  draftsman  and 
assistant  superintendent ;  when  the  Ani- 
mas Power  &  A\ater  Company  was  re- 
organized in  1909.  was  made  assistant 
general  manager  of  new  company  (San 
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Juan  Water  &  Power  Company)  ;  went 
with  the  Union  Electric  Light  &  Power 
Company  of  St.  Louis  in  1910  as  power 
engineer ;  in  1911  accepted  position  with 
Kansas  City  Electric  Light  Company  as 
industrial  engineer,  and  was  made 
power  sales  manager  in  1913. 

C.  A.  M.  Weber  (Alabama  Polytech- 
nic Inst.,  '06.  -07,  and  '14)  remained 
one  year  as  instructor  of  physics,  then 
to  the  Electric  Company  as  a  graduate 
student;  then  entered  the  small  motor 
division  of  the  engineering  department 
on  the  design  and  application  of  small 
motors. 

*J.  W.  Welsh,  electrical  engineer  and 
traffic  manager,  Pittsburgh  Railways 
Company.  ^ 

\J^\  ^-  WiBLE  three  years  at  the 
Western  Pennsylvania  Institute,  and 
came  to  the  Electric  Company  in  1902 
spending  several  years  in  the  shop  and 
testing  department ;  in  1909  entered  the 
detail  and  supply  sales  department  re- 
maining to  date. 

H    M.   Wicker   commenced   electrical 
work   for  the   Spragues   Electrical    Co 
1901 ;  this  was  followed  by  construction 
inspection  and  test  work  in  New  York 
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for  the  Brooklyn  Rapid  Transit  Co., 
the  Interboro  Rapid  Transit  Co.,  and 
the  Electric  Mfg.  Company,  including 
changes  and  test  work  on  the  high-ten- 
sion trolley  system  at  Sea  Cliff  L  I 
and  the  N.  Y.,  N.  H.  &  H.  R.  R.  at 
Stamford,  Conn.;  foreman  of  the  as- 
.sembhng  department  of  the  Gold  Car 
Heating  Co.,  in  New  York,  igoi ;  did 
furtlicr  e.xperimental  work  in  electric 
iieating  in  1907,  developing  a  car  heater 
and  a  linotype  pot  heater,  applying  the 
parallel  series  system  to  the  control  of 
heating;  in  1912  joined  the  Electric 
Company  in  the  electric  heating  divis- 
ion ;  at  present  with  the  New  York  dis- 
trict office. 

*Brent  Wiley,  commercial  engineer 
'"/'large  of  the  application  of  motors 
and  their  control  apparatus  to  steel  mill 
service,  industrial  and  power  sales  de- 
partment. Electric  Company. 
^  L.  C.  WiNSHip  (Mass.  Inst,  of  Tech.. 
05),  engineering  apprentice  with  the 
Electric  Company,  1905-06;  entered  the 
railway  engineering  division  in  fall  of 
1906;  engaged  in  electric  locomotive 
testing  on  Pennsylvania  Railroad  and  in 
the  installation  of  the  electric  operation 
of  the  N.  Y.,  N.  H.  &  H.  R.  R.  for  the 


Electric  Company,  1907-08;  with  the 
N.  Y,  N.  H.  &  H.  R.  R.  in  connection 
with  the  operation  of  the  electric  zone 
1909-10;  with  the  Boston  &  Maine  Rail- 
road in  191 1,  as  electrical  superintendent 
in  charge  of  electrical  operation  of  the 
Hoosac  Tunnel;  supervisor  of  power 
plants  for  the  same  company,  1914. 

A,^A-^\  X^°'-"  ('^"'^'-  of  Cincinnati, 
Medical  Dept.,  1900).  safety  director 
\oungstown  Sheet  &  Tube  Company  in 
charge  of  safety,  sanitation  and  welfare 
work  since  July,  1913. 

*F.  E.  Wy.nne,  general  division,  engi- 
neering department.  Electric  Company 

*J.  L.  McK.  Yardley,  power  division 
engineering  department.  Electric  Com- 
pany. 

E.  S.  ZucK  (Ohio  State  Univ.,  '07) 
one  and  one-half  years  on  graduate 
student  course.  Electric  Company;  fol- 
lowed by  one  and  one-half  years  in  the 
industrial  and  power  sales  department; 
Cleveland  office  as  commercial  engineer 
on  control  apparatus;  transferred  to 
the  Pittsburgh  office  for  a  year  and 
then  to  the  general  engineering  depart- 
ment as  engineer  on  motor  applications 
specializing  in  arc  welding  outfits 
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J.    H.    Albrecht,    industrial    division, 
engineering  department. 

C.    B.    Auel,    director    of    standards, 
processes   and   materials. 

H.  L.  Beach,  industrial  division,  en- 
gineering department. 
_    R.  A.   Bolze,  detail  and  supply  divis- 
ion, engineering  department. 

Q.  A.  Br.\ckett,  detail  and  supply  di- 
vision, engineering   department. 

_W.M.  Bradshaw.  detail  and  supply  di- 
vision, engineering  department. 

A.  L.  Bromall.  railway  division,  en- 
gineering department. 

A.  Brunt,  industrial  division,  en<Ti- 
ncenng  department. 

L.  W.  Chubb,  research  division,  engi- 
neering department. 

C.  B.  CoATES,  manager,  electric  de- 
partment, Chicago  Pneumatic  Tool 
Company,   Chicago,   III. 

P.  L.  Crittenden,  Westinghcuse  Air 
Brake  Company,  Wilmerding,  Pa. 

L.  Del.'Wal,  industrial  division,  engi- 
neering  department. 

G.  C.  Dill,  detail  and  supply  division, 
engineering  department. 

R.  E.  DoANE.  Standard  Underground 
Cable  Company,   Pittsburgh,   Pa. 

Francis  E.  Drake,  president,  Drake 
Kailway  Automotrice  Company,  Chi- 
cago,  111. 

A.  M.  Dudley,  industrial  division  en- 
gineering department. 

G.  M.  Eaton,  engineer  in  cliarge, 
railway  division,  engineering  depart- 
ment. 

H.  R.  Edgecomb,  research  division 
engineering  department. 

S.  A.  Fletcher,  industrial  and  power 
division,  sales  department. 

J.  B.  GiBBs,  transformer  division  en- 
gineering department. 

R.  E.  Gilman,  power  division,  engi- 
neering department. 


D.   Hall,  power  division,  engineering 
department. 

P.  E.  Hanaver,  assistant  editor.  The 
Electric  Journal. 

K.  L.  Hansen,  industrial  division,  en- 
gineering department. 

C.  M.  Hardin,  publicitv  department, 
the  Westinghouse  Machine  Company 
East  Pittsburgh,  Pa. 

Wm.  J.  Harrer,  testing  department. 

A.  D.  Hart,  general  division,  engi- 
neering department. 

A.  F  Hovky,  Standard  Underground 
Cable  Company,  Pittsburgh,   Pa. 

R.  P.  Jackson,  research  division,  en- 
gineering department. 

W.  A.  Keating,  Duquesne  Light 
Company,   Pittsburgli,   Pa. 

R.  Kelly,  power  division,  engineering 
department. 

J.  S.  KiNNEV,  industrial  division,  en- 
gineering department. 

B.  G.  Lamme,  chief  engineer. 

C.  G.  Lewis,  industrial  division,  en- 
gineering department. 

P.  M.  Lincoln,  general  division,  en- 
gineering department. 

C.  M.  Little,  standard  house. 

W.  O.  LuM.  industrial  division,  engi- 
neering department. 

P.  MacGahan.  detail  and  supply  di- 
vision, engineering  departm.-nt. 

J.,  N.  Mahonev,  switchboard  division 
engineering  department. 

R.A.  McCartv,  power  division,  engi- 
neering department. 

W.  M.  :McConahey.  engineer  in 
charge,  transformer  division,  engineer- 
ing department. 

T?^'  ,9  McNeil,  publicity  department, 
ihe  Westinghouse  Machine  Company, 
East  Pittsburgh,  Pa. 

F.  D.  Newbury,  engineer  in  charge, 
power  division,  engineering  department.' 

R.  H.  Newton,  power  division,  engi- 
neering department. 


.  T.  J  Pace,  detail  and  supply  divis- 
ion, sales  department. 

Fil  f  ^'  /^T,S^'  ^'■^•'sh  Westinghouse 
Electric  &  Mfg.  Company,  Ltd.,  Man- 
cliester,  England. 

J.  F.  Peters,  transformer  division   en- 
gineering department. 

C.    R.    RiKER,    technical    editor,    The 
Electric  Journal. 

J.    L.    Rylander,    industrial    division 
engineering  department. 

B.  H.  Smith,  detail  and  supply  divis- 
ion, engineering  department. 

F.  A.  Smith,  United   States  Light  & 
Heat  Company,  Cleveland,  Ohio 

C.  E.     Stephens,    general     division, 
engineering  department. 

A.  F.  Strouse.  Industrial  Engineering 
Company,   Pittsburgh,  Pa. 

.Wilfred  Sykes.  general  ,di^ision,  en- 
gineering department. 

R.    H.    Taker,    power    division,    engi- 
neering department. 

H.   B.   Taylor,  detail  and  supply  di- 
vision, engineering  department. 

Phillips   Thomas,   research   division 
engineering  department. 

\y.   H.   Thompson,  detail  and   supply 
division,  engineering  department. 

A.  A.  TiRRiLL,  detail  and  supply  di- 
vision, engineering-  department. 

H.  A.  Travers.  switchboard  division 
engineering  department. 

N.  E.  Wells,  testing  department. 

R.  WiKANDEE,  Hall  Steam  Pump 
Company,   Pittsburgh,   Pa. 

C.  E.  Wilson,  industrial  division,  en- 
gineering department. 

.  W.  R.  W'ooDW.\RD,  transformer  divis- 
ion,  engineering   department. 

q.  Wortman.  switchboard  division, 
engineering  department. 

J.  L.  McK.  Yardley.  power  division, 
engineering  department. 
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MECHANICAL   ENGINEERING 


SrllUnir  Square  and  Hezaffonal  Holei 

— C.    B.    Auol.      1-4.    W-oSn       Vol     Xl.    p 
99,   Feb..  '14. 


Belt  SUppasre       j     I :.   Kiiin. 
EtBciency   of   Tnrbines — Q.    I!. 


Air  CompreiMor  Operation — Q.   H.  1107. 
Snper-Reated  Steam  - '^.  IS.  1126. 


ELECTRICAL    ENGINEERING 

GENERAL 


Reviews  of  Fro^resB  In  the  Electrical 
Field  During'  1913 — .V  Biisines.s  Survty. 
tj.  K.  Tiipp;  I>evelupnient  in  New  Yoi'k 
City.  H.  W.  Flastiman;  Government  En- 
Rineeiine  Work.  H.  M.  SouthBate;  A.  K. 
R.  A..  Chas.  M.  Blaik:  A.  I.  E.  K.,  F.  L. 
Hutchinson;  The  Steam  Power  Plant 
Situation,  H.  A.  Rapelye;  Air  Brake  De- 
velopment. S.  W.  Dudley;  Railway  SiK- 
nalinc,  Harold  McCready;  General  Ap- 
plication of  Electric  Power,  H.  D.  James; 
Detail  Apparatus,  G.  Brewer  Griffin; 
Central  Station  Apparatus.  E.  P.  Dillon: 
Industrial  Motor  Applications,  J.  iVI.  Cur- 
tin;  Railway  Apparatus.  G.  M.  Eaton; 
Industrial  Training,  C.  R.  Dooley;  Elec- 
tric Vehicles.  Bernard  Lester;  Trans- 
former Prosress.  W.  M.  McConahey; 
Industrial  Engineering.  J.  M.  Hippie; 
Generating  Apparatus.  F.  D.  Newbury; 
Detail  Apparatus,  T.  S.  Perkins;  Mazda 
Lamps.  W.  H.  Rolinson.  (E).  W-24400. 
Vol.  XI.  pp.  3  to  27.  Jan..  '14. 

The  Effect  of  Federal  Iiegfislatlon 
upon  Public  ■Utilities — G.  F..  Tripji  I-l. 
\f-Miil.      Vi.l,    XI.    11.    .'1113.    Oct..     14. 

Utilities  from  the  Public  Viewpoint — 
Calvert  T.iwnh-.v.  lEl  W-(;.-,ii,  N'ol.  XI. 
p.   51111.   I  let..  '1  4. 

An  Opportunity  for  the  A.E.B.A. — 
.\.    \V.    Storei-.      (ii))    \V-13.'~ii.      Vol.    XI.    p. 

4;i;t.  Oct..    14. 

The  Work  of  the  IT.  E.  I^.  A.  In  1913 

—J.     B.     McCall.      \V-2  200.      Vol.    XI,     p. 
294.    June.    '14. 

Editorial  Kesnme — (E)  W-800.  Vol. 
XI,    p.    393.   June,    '14, 

The  Bisk  Involved  in  Directing  a 
Stream  of  Water  onto  a  High  Tension 
line— T-2,  C-3.  I-l,  ^-1340.  Vol.  XI, 
p.    4.".M.    .\uff..    '14. 

The  Engineering  Evolution  of  Electrical 
Apparatus — 

t — Till-   i;cj;iniiiMi4s  oi    the  .MtirnatinK- 
Current     Svstem — Chas.     F,     Scott.      C-I,, 
1-13,   \V-6775,Vol,  XL  p.  2S,  Jan,,  '14, 


II,  m,  IV — The  Alternating-Current 
(ieiierator  in  ,\nierica — B,  G,  Lamme. 
I)-2,  1-29,  W-lfi  lllKl.  Vol.  XI,  II.  73,  Feb,, 
14;  i>.   1211,  .Mar.,  '14;  p.  221,  .\pr„  '14. 

V,  VI — The  Involution  of  the  I'oly- 
phase  Induction  Motor — R.  S,  Feichl, 
1-29,  \V-7S4ii.  Vol,  XI.  p.  39S.  July.  '14; 
p.    437.    -\UK.,  '14. 

VII — The  Evolution  of  the  Transform- 
er—J.    S.    Peck,      I-l!t,    \V-4340,      Vol,    XI, 

p,     47fi.    Sept.,    '14, 

VTII — The  Evolution  of  Industrial 
Controllers — T,  S,  Perkins.  D-1,  I-3U, 
\V-372ll.      Vol.    XI,    p.    695,    Dec,   '14. 

MATERIALS 

A  Quality  Test  for  Sheet  Insulation 
—  Phillips  Thomas.  Comparison  ol 
power-factors  as  low  as  0.5  percent  In 
capacities  as  small  as  0.0005  microfa- 
rads, D-3,  \V-2120.  Vol.  XI.  p.  628. 
Nov..     14. 

Insulation  Bnrn-Ont — y.    I!.    lOSS. 

Bakelite   Impregnation — Q.    B.   1100. 

Removing  Insulation — Q.  B.  II03.   1137. 

MEASUREMENT 
General 

Measuring    Idle    Volt-Amperes — H,    B, 

Taylor.  \Vattmeter  connections.  D-2, 
1-2,  T-1,  W-1260,  Vol.  XI,  p.  97,  Feb,, 
'14. 

Current  in  Three-Phase  Circuit  with 
One  Ammeter— 1.1     i:.    lnsii. 

Meters 

Types   and  TTses  of  Graphic   Meters — 

l',iul  .MacGahall.  C-:i.  1-4.  \\-2  .".on.  Vol- 
XI.    p.    369,    June.    '14. 

Constant  of — ';     1:.    I'l!-. 

Portable  Indicating  Meters — H.  B, 
Taylor,  1-5,  W-2335,  Vol.  XI.  p.  373. 
June.   '14. 


Watt-Konr  Demand  Meters — C.  A 
Boddie.  principles  of  operation.  Ap- 
plication. 1-7.  W-3  ISO.  Vol.  XI,  p,  314. 
June,    '14. 

Calibration — (,'     I'..    I"5J-. 

W^attmeter   Connections — Q.    I:.    lcii;7. 

Inst,  Trans,  Ratio  -1.1    B.   1"94. 

Capacity  of  Meter  Trans. — 'J,   B.   1105. 

Three-Phase  leads — <J.   B.  11 28. 

Testing  Speed — Q.  B.  1138. 

Relays 

The  Protection  of  Transmission  Cir- 
cuits by  Relays — F.  K.  Kicketts.  C-5. 
H-5,  I-l,  \V-29S5.  Vol.  XI.  p.  227,  Apr., 
14. 

I  El    1".    .MacGahan.      \V-35".    p     1S5. 

A  load  Froportioiiing  Relay — B.  H, 
Smith,  For  dividing  the  load  between 
direct  and  alternating-current  systems 
through  a  motor-generator  set.  D-2,  1-3. 
\V-1  055.     Vol.  XI.  p,  2S5.  May.  '14. 

A  Series-Transformer  Tripping  De- 
vice for  Circuit  Breakers — I;  H  .'^mith. 
With  till).-  t-li-iiit-iit  relay.  li-2.  1-2. 
\V-.SO(t.      Vol,    XI,    p.    620,    Nov.,   '14, 

<E)    T.   A.    McDowell,      W-4in.   p.   609. 

Over-load  Relays— Q    H    10.i6. 

THEORY 

The  Analysis  of  Periodic  Waves — 1>. 
\V.  Chubb.  Description  of  a  mechanical 
analyzer.  C-4,  1-5,  W-3500.  Vol.  XI.  p. 
91.   Feb.,  '14. 

(E)  C.  E.   Skinner.      W-35ii.   ],.   71. 

Polar  and  Clrcnlar  OsclUograms — L, 
W.  Chubb.  Their  practical  application. 
C-5,  1-3,  W-4  2S5.  Vol.  XI,  p.  262,  May. 
•14. 

Vector  Relations — Q.   B.  1019, 

Definition  of  Watt — Q.   B,  1062. 

Resistances  in  Parallel — Q.    B.    1092. 

V-Connection — (J.    B.    1139. 


POWER  PLANTS 

(See  I'tilization,   p.   5) 

Excitation  and  Voltage  Control — J.  A. 
Johnson.  With  special  reference  to  the 
plant  of  the  Ontario  Power  Company  of 
Niagara  Falls.  C-1,  D-6,  1-5,  W-4S30, 
Vol.    XI,    p,    «12,    Nov.,    '14, 

il-:i    I'.    .\I.    Lincoln.      \V-410,   p.   609, 

Exciter  Trouble — Q,   B.   1031,   1134. 

Unsteady  Voltage — Q.   B.    1034. 

DESCRIPTIONS 

The  Canadian  Niagara  Power  Com- 
pany's Plants — L.  l-^  lnila>".  ,'-:pt-cial  rea- 
tur<s  ol'  tht-  pow'T  plant  ei;iiiipnu:-nt.  1>-1. 
I-M.     \\-j:'.  1.'.,       Vol      XI.    p.  3112.  Juiii-.    '14. 

Charleroi  Sub-Station  of  the  Pitts- 
burgh Railways  Company — c;    i'.  H.-c  kcr. 

i-ii.  \v-i'.^vH.    Vol.  XI.  p.  i;:ii;.  Nov.    11. 

DYNAMOS  AND  MOTORS 

General 

Ventilation  of  Rotating  Electrical 
Apparatus — K.  E.  Oilman,  1-9.  W-3510. 
\ol.   Xt.  p.   20s.  Apr..  '14. 

il-:i    F.   Li.   Newbury,      \\-l70,   p.   Ls:! 

Conditioning  Air  for  Generator  Ven- 
tilation— \V.  W.  Stevenson.  C-l.  D-1, 
1-j,    \V-1S20.      Vol.    XL    p.    213,    .A.pr„   '14, 

IKI    ,y.    1.,    Harvi-v.       W-980,   p.    1S4. 

Radius  of  Gyration — Q.  B.  10S5, 

Insulation  Burn-Out — Q,   B,   108S, 

Removing  Insulation — Q,  B.  1103. 

GENERAL  TESTS 

Shop  Testing  of  Electrical  Apparatus. 
Zni — Rotary  Converters.  Resistances, 
Preliminary  inspection.  Voltage  ratio. 
Starting  tests.  Core  loss  and  satura- 
tion. Voltage  control.  Methods  of  load- 
ing. Synchronous  booster  converters. 
Temperature  tests.  Efficiency  by  losses. 
C-2,  D-5,  1-3,  T-7,  W-5750,  Vol,  XI,  p, 
66,  Jan,.  '14. 


GENERATION 

(AND   ALL   PARTS   OF    ROTATINQ    MACHINES) 

XIV — Induction  Motors.  The  circle 
diagram  method.  The  prony  brake  meth- 
od, C-3,  1-2.  T-6,  W-5350,  Vol.  XL  p. 
100,  Feb.,  '14. 

IE)    E.   I.  Chute.      W-6611.   p.    71. 

XV — Induction  Motors  (Cond.)  The 
symbolic  method.  Single-Phase  Motors. 
The  Branson  nietiiod.  Temperature  tests. 
Commercial  tests,  C-3.  T-4,  W-3400. 
Vol,   XI,   p.    17S.   Mar..  '14. 

X'VI — Single-Phase  Transformers.  Ra- 
tio. Polarity.  Parallel  test.  Measure- 
ment of  resistances.  D-7.  W-2230.  Vol. 
VI.    p.    231.    Apr.,    '14. 

XVII  —  Single-Phase  Transformers. 
Core  loss.  Impedance.  Regulation,  Ef- 
ticiencv,  D-9.  W-3  130.  Vol,  XI,  p.  287, 
May,    '14, 

X'VUI  —  Single-Phase  Transformers 
(Cont.)  Temperature  run.  Insulation 
tests,  D-6,  I-l,  W-4350.  Vol,  XI,  p. 
411.  July,  '14, 

XIX  —  Chas.     Fortescue.       The    Circle 
Diagram  for  Single-Phase  Transformers, 
I>-2,    W-900,      Vol.   XL    p.    449.    .\ug„   '14. 
IE)    Chas,    R,   Riker,    W-470,    p.   420. 

XX — Three-Phase  Transformers,  Re- 
,*'istance  core  loss,  copper  loss  and  impe- 
dance, temperature,  insulation,  regula- 
tion and  ellicieno .  D-11,  W-2270.  Vol. 
.XI.    p.    4V9.    Sept..    '14. 

Experimental  Temperature  Measure- 
ments of  Electrical  Machines-  O.  W.  A. 
Oetting.  Effects  of  temperature.  Rise 
by  resistance.  Thermo-couples.  C-l. 
D-2,  W-5060,  Vol,  XI,  p.  S5,  Feb.,  '14, 
iK)    Chas.    R.    Riker.      \V-450,   ji.    72. 

Acceptance  Tests — ti.    i:.    loll. 

COMMUTATOR  AND  COLLECTOR  RINGS 

Current   Collection — g.    I'..    liHii. 
Collector  Rings— '.1    i:.   1014. 
Commutator  Trouble — ij.   B.   lOS.'i. 
Selection  of  Binishos — 'i.    B.    1110. 
Cleaning  Commutators — Q,   B,   1133. 


BEARINGS    AND    PARTS 

Babbit  and  Its  AppUcatlons — T,  J. 
Johnston,  1-5,  W-303ii.  Vol.  XL  p.  Sb., 
July,   '14. 

Elements  of  Bearlcir  Design  and  lu- 
brication— \Vm.  Foot.  C.-3,  1-11.  W-2530. 
Vol.   XL   p,  391,  July,  '14. 

(E)   F,  D.   Newbury.     W-47ii    p    379 

Direct  Current 

Armature  Reaction  in  Direct-  Current 
Machines — R.  H.  Taber.  Distortion  of 
field.  Effect  on  commutation.  Brush 
displacement  C-3.  1-13.  W-1730,  p.  65. 
Jan..  '14. 

Armature    Reaction — Q.    B.    1"55.    1123. 

Direct-Current  Motor  and  Generator 
Diagrams — U.  H.  Taber.  For  changing 
conditions  of  operation.  T-1.  D-55.  W- 
2070.      Vol.    XL    p.    46>.   Sept.   '14. 

Changing  Motor  to  Generator — <.J  B. 
1075. 

Speed  Characteristics  of  DLrect-Cnr- 
rent  Motors — K.  L.  Hansen  and  C.  G. 
Lewis.  C-!>.  1-1.  W-2070.  Vol,  XL 
p.    493,    Sept      14, 

Shape  of  Pole  Tips- Q.   B,  1074. 

Rewinding— Q.   B    I116S. 

Idle  Coll— g    1;    10fi4. 

Power  to  Accelerate — Q.   H.  1027. 

Induced  Voltage  in  Pleld^-y.  B.  102S. 

Automobile   Generators — Lj.    B.    1041. 

Changing  Voltage — '>.   B.   104s. 

Reversal  of  Elevator  Motor — Q.  B. 
lii7-~. 

Demagnetized  Pleld — Q.  E.   1036. 

Regulation — u*     l'-    10S7. 

Dynamic  Braking — g    B.  109S. 

Commntatlng  Poles  -Q.    B.    1111, 

SERIES 

A    Universal    Pressed    Steel    Railway 
Motor — C.     \V.     Starker.       1-24,     W-.'21i 
Vol.    XL    p.    5S1,    Oct.,     14 
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ConslderatlonB  In  the  DeaiRn  of  Ball- 
way  Motors— It.  10.  Hc'llniun.l.  I-U.  W- 
782U.  Vol.  XI,  p.  590,  Oct.,  '14;  p.  645, 
Nov.,  '14. 

Arc  Generator — Q.   R.   inifi. 

Speed  at  Varying:  Voltaere — Q.  B.  1029. 

Operation  In  Parallel — Q.  B.  1120. 

Alternating  Current 
ALTERNATORS 

Generator,  Reactance  and  Circuit 
Breaker  Performance  Under  Short-Cir- 
cnlt  Conditlong — V.  1).  Newbury,  W.  M. 
Daiiii  ami  .1.  N.  Mahoney.  De.scriplion 
of  tosts.  Kusults  of  test.s.  T-4,  C-7,  D-1, 
1-4,   W-543(l.      Vol.  XI,   p.   18S,  Apr.,  '14. 

Qeneratcr  Slicrt-Circnit  Current 
Waves — F.  D.  Newbury.  A  discussion 
of  terms  and  conditions.  T-2.  C-5,  \V- 
3215.     Vol.  XI,   p.   196,   Apr..  '14. 


(K)    P.   M.    Lincoln.      \V-66n.   p.   183. 

Ksrffe  Tnrblne  Alternator  Units — C. 
M.  Hardin  and  S.  L,.  Henderson.  T-3, 
1-7,    W-3  190.     Vol.    XI.    p.    319,   June,   '14. 

The  Alternating-Current  Generator  In 
America — B.  G.  I.Mnime.  D-2.  1-29,  \V- 
16  01)0.  Vol.  XI,  p.  73.  Feb.,  '14;  p.  120. 
Mar.,  'll:  i>.   221,   .\pr..  '14. 

Short  Circuits-   I J    T!.  1096. 

Paralleling   Alternators — Q.    li.    1008. 

Phasing-  Out — '.<.   i:.   1101. 

Changing  Voltage — Q.   B.   1009. 

Critical  Speeds — i-i.  K.   1025. 

Rating — t).    I:.   I113.S. 

Drying — ij.    L>.    10S4. 

Starting  Syn.  Motor — Q.  B.  1C61. 

Syn    Motor  Trouble-    ').   IV  1083. 

Syn.  Motor  Driving  Pump     Q.  B.  1091. 

Syn.    Motor    with     Open    Field — Q.     B. 


hi: 


Operation  of  Syn.  Motor — Q.   B.   1121. 
Inherent   Reactance-  i^     B.    1109.    1129. 


INDUCTION  MOTORS 

Characteristic  Curves  of  the  Induc- 
tion Motor — (J.  A.  M.  Weber.  C-3,  VV- 
5;hi.       Vol.    .\I,    p.    4S4,    Sept.    '14. 

Induction  Motors  for  Varying  Speed 
Service — .\rthur  J.  Motycr.  C-1,  \V- 
15S0.      Vol.    XI,    ri-    4S5,    .Sept.    '14. 

The  Evolution  of  the  Polyphase  Induc- 
tion Motor — U.  .S.  Fei<  lit.  1-29,  W-7840. 
VmI.  \I,   |i.  :!ys.  .July.  'H;  p.  437,  Aug., '1 4. 

Single-Phase   Windings — Q.    B.    1102. 

Single-Phase  Motor  Trouble — Q.  B. 
1111':;. 

Motor  Trouble    -'J    B.    I1145. 
3-Phase  Motor  on  1-Phase — Q.  B.  1057. 
On  Over- Voltage— 1.1     r.    1076. 
Phases  Cress-Connected — Q.   B.   1099. 
Power-Factor  Curve — Q.   B.   1108. 


TRANSFORMATION 


RECTIFIERS 

Charging  Apparatus  for  Automobile 
Iilghtlng     Batteries  —  Q.     A.      Brackett. 

\'ibratini^  and  mercury  viipor  rectifiers. 
D-2,  1-5,  W-3  430.  Vol.  XI.  p.  354.  June, 
14. 

Mercury  Arc  Rectifiers  for  Moving 
Picture  Arcs— H.  M.  Wible.  C-2,  D-1, 
1-3.    W-1  400.     Vol.    XI,    p.    S76,    June,    '14. 

I.ead-iu  Wires — Q.  B.  1024. 

limit  of  Size — Q,   B.   1024. 

Distance  Between  Electrodes — y.  B 
10611. 

ROTARY  CONVERTERS 

Synchronous  Booster  Rotary  Convert- 
ers— J.  L.  McK.  Yardley.  Theory.  Arma- 
ture and  field  windings.  C-1,  D-5,  1-6, 
W-4  715.     Vol.  XI.  p.  267,  May,  '14. 

(E)    E.   P.   Dillon.      W-610,   p.   239. 

High-Speed  Rotary  Converters — J.  lu. 
McK.  Yaraiev.  C-1,  1-4.  W-2100.  Vol. 
XI.   p.   562.   Oct..  '14. 

3-Wire  Converters — Q.   B.   1049. 


Protection  of — ij.   IJ.   1071. 
Accidental  Ground — ij.   B.   1095. 
25  Cycles  on  60  Cycles — Q.   B.   1130. 
Converter  Neutral — <>.    I;     1136. 

STORAGE  BATTERIES 

storage  Battery  Operation — Q.  B.  1106. 
I>ead  Burning- -I  J.   I :,   11)69. 

TRANSFORMERS 

The    Evolution   of    the    Transformer — 

J.  S.  I'eck.  1-19,  W-i31(i.  \i\.  XI.  p. 
476.   Sept..   '1  4. 

High  Voltage  Distributing  Transfor- 
mers— E.  G.  Reed.  C-2.  1-9.  W-1  010. 
Vol.   XI,   p.   33S,   June,   '14. 

Experience  on  the  Road — .\  peculiar 
transformer  connection — L..  M.  Klauber. 
D-1,   W-7S0.     Vol.  XI.   p.  235.  Apr.,  '14. 

Interconnected  Star — Q.  B.   1007. 

1  Ph.  from  3  Ph — Q.  B.   1010,  lOSO. 

Paralleling-  3  Ph. — Q.  B.   1017. 

Unbalanced  Load — Q.  B.  1020. 


Change  of  Frequency — Q.   B.   1023. 
Ratio — I  J.    li.   11166,   1094. 
Loading  Back — Q.  B.   1033. 
Capacity   for  Testing — Q.    B.   1027. 
2  Ph.  to  3  Ph. — Q.    B.    1043,  1112,   1114. 
Paralleling   Scott  Con. — Q.   B.    1046. 
Open  Delta — Q.   B    1054.  1139. 
Phasing  Out — Q.   B.   1063. 
Exciting  Current — Q.   B.  1116. 
Current   Transformers  in  Parallel — Q. 

E.  1135. 

Reactance  Coils 

Current   Ifimitiiig  Reactance   Colls — J. 

F.  Peters.     1-4,   \V-1540.     Vol.  XI.  p.  202, 
Apr..  '14. 

Mechanical  Stresses  in  Reactance 
Coils — W.  il.  Dann.  T-2,  C-7.  I-l,  W- 
22S0.      Vol.    XI.   p.    204,   .-^pr.,  '14. 

(E)   P.  Jl.  Lincoln.     W-660.  p.   183. 

CONDENSERS 

Capacitance  of — Q.  B.  1124. 


A    Study    of    Three-Phase    Systems — 

Chas.  Fortescue.  Star-star,  delta-delta, 
star-delta  and  delta-star  connections. 
T-1,  C-4,  D-7,  I-l,  W-5210.  Vol.  XI, 
p.    461.    Sept.    '14. 

Calculation  of  Constant-Voltage 
Transmission  Iiines — H.  B.  Dwigfit. 
C-1.    \V-2130.      Vol.    XI.    p.    4S7.    Sept.    '14. 

(E)    R.   1'.   Jacksi.M.      W-420.   p.   459. 

Higher  Direct-Current  Voltages — C. 
S.  Cook.  (E)  W-530.  Vol.  XI,  p.  501, 
Oct.,   '14. 

Surges — Q.  B.  1012. 

Power  Factor — Q.  B.  1013,  1082. 

Vector  Relations — Q.   B.    1019.    1042. 

Cost  of  Transmission — Q.  B.  1026. 

Transmission  Data — Q.  B.  1039. 

Choice  of  Voltage — Q.  B.  1051. 

Cable  Troubles — Q.    R.    1059. 

Stresses  Between  Conductors — Q.  B. 
1113. 

Grounding — Q.  B.   1115. 

Drying  Cable — Q.  B.  1117. 

Iron  Wire — Q.  B.  1119. 

Skin  Effect — Q.   B.   1123. 

Size  of  Cable — Q.  B.  1127. 

Electrolier  Wiring  Scheme — Q.  B.  1132. 

Removing    Insulation — Q     B.    1137. 

SWITCHBOARDS 
General 

The  Iioad  Dispatcliing  System  of  the 
Public  Service  Electric  Company  of  New 
Jersey — J.  T.  Lawson.  T-2.  1-2.  \V-5100. 
Vol.   XI.    p.    602.   Oct..   '14. 

The  System  Operating  Department  of 
the  Suqnesne  Light  Company — E.  C. 
Stone.  I-l.  \V-2260.  \ol.  XI.  p.  605. 
Oct..   '14. 

load  Dispatching  System  of  the  Pitts- 
burgh Railways  Company — J.  W.  Welsh. 
1-3.   W-1900.     Vol.  XI.   p.   607.  Oct.,  '14. 

Connections — Q.   i;,   1015,   1072. 

Ground  Detector — Q    B.  1032. 

Interrupting  Devices 
The  Effect  ot  Limiting  Reactances  on 
the  Application  of  Oil  Circuit  Breakers 

— J.  N.  Mahoney.  C-2,  \V-T90.  Vol.  XI, 
p.  200,  Apr.,  '14. 

(E)   P.   M.  Lincoln.     W-660.  p,    I8,3. 

Outdoor  Switch  and  Circuit  Breaker 
Apparatus — J.  M.  Mahoney.  1-20.  W- 
1  960.    Vol.  XI.   p.    362.   June.  '14. 

Air  Break  Switch — Q.  B.   1089. 


TRANSMISSION 

CONDUCTORS  AND  CONTROL 

Protective 

Lightning  Arresters  for  Electric  Rail- 
way Equipment — Q.  A.  Brackett.  Cir- 
cuit breaker,  marnetic  blow-out.  multi- 
path,  and  condenser  type  arresters.  1-7, 
W-3  280.     Vol.  XI,  p.  247,  May.  '14. 

Charging  Resistances  for  Electrolytic 
Lightning  Arresters — G.  C.  Dill.  D-3,  1-2, 
W-790.     Vol.  XI,   p.   251,  May.  '14. 

Protection  of  Outdoor  Transformer 
Substations  from  Lightning — Q.  A. 
Brackett.  1-5,  W-13S0.  Vol.  XI,  p.  409. 
July.  '14. 

Lightning  Protection — Q.   B.   1018. 

Electrolytic   Arresters — Q.    B.    1053 

For  Converters — i.J.   B.  1071. 

Grounding  Arresters — Q.   B.   1073. 

Varying  Diameter  of  Choke  Coils — Q. 
B.    lOSI, 

For  D    C.  Circuits— O-    P.    in< 

REGULATION  AND  CONTROL 
Regulators 
'Voltage  Regulation  of  the  West  Fenn 
System — J.   S.   Jenks.    Automatic  Induc- 
tion   regulators.     1-8,    W-3  240.     Vol.    XI, 
p.   309,   June,   "14. 

Controllers 

The  Evolution  of  Industrial  Control- 
lers—T.  S.  Perkins.  D-l.  1-30,  W-3720. 
Vol.  XI.  p.  695.  Dec.  '14. 

Progress  in  Industrial  Control — F.  r>. 
Hallock.  (E)  W-13S0.  Vol.  XI.  p.  653, 
Dec.    '14. 

An  Appeal  for  Controller  Education — 
H.  L.  Beach.  (E)  W-630.  Vol.  .\I.  p. 
654.  Dec..  '14. 

An  Analysis  of  Controller  Diagram 
Construction — H.  L.  Beach.  D-S.  W- 
1510.     Vol.  XI.  p.   666,  Dec,  '14. 

The  M.^gnet  Switch — E.  A.  Hanft.  De- 
tails of  design  and  characteristics.  1-15, 
W-2890.     Vol.  XI.  p.  656.  Dec.  '14. 

An  Analysis  of  Industrial  Control — A. 
G.  Popcke.  With  respect  to  type  of  con- 
struction and  characteristics  of  the  mo- 
tors. T-1,  W-24oO.  Vol.  XL  p.  661, 
Dec.   '14. 

Automatic  Starters  and  Controllers — 
W.  H.  Patterson.  D-5.  1-14.  W-1740. 
Vol.  XL   p.  669.   Dec.  '14. 

Control  Panels  for  Synchronous  Mo- 
tors— R.  L.  Kiniber.  D-l.  1-7.  W-1450. 
Vol.  XI,  p.   701,  Dec,  '14. 


The  Manufacture  of  Electric  Control- 
lers— J.  A.  Llicknian.  1-7.  \V-1930.  Vol. 
.\I.   ji.   692,   Liec.     14. 

SPECIFIC  APPLICATIONS 

( .Vrranged    .\lphabeticaUy.) 

Control  fcr  Electrically  Driven  Rub- 
ber Calenders — T.  E.  Simpers.  C-1,  D-3, 
1-4.   \V-2ii7ii.     Vol.  XL  p.  686.  Dec.  '14. 

Magnetic  Controllers  for  Crane  Mo- 
tors— W.  O.  Lum.  D-l.  1-7.  \V-1600. 
Vol.  XL  p.  6S1.  DfC.  '14. 

The  Selection  of  Control  for  Portable 
Drilling  Rigs — ■«■.  R.  John.ston.  D-4. 
1-4.   W-3700.     Vol.  XL  p.   720,  Dec,  '14. 

Electric  Elevator  Control  —  H.  D. 
James.  D-L.  1-3.  W-2520.  Vol.  XL  p. 
677.   Dec.  '14. 

Automatic  Control  for  Laundry  Ma- 
chines— H.  F.  Boe.  Dri\-en  by  alternat- 
ing-current re\-ersin^  motors.  C-l.  D-l. 
1-4.   W-75U.      Vol.  XI.  p.  690.  Dec.  '14. 

Control  for  Bline  Hoists  —  Graham 
Bright.  Direct-current.  Alternating- 
current.  The  Ward  Leonard  and  Ilgner 
systems.  C-2.  D-3.  1-3,  W-3330.  Vol. 
XL  p.  704.  Dec.  '14. 

Operation  of  FX  Control  on  the  New 
Vcik  Railways — .Alex.  Mi  Iver.  1-5.  W- 
1350.      Vol.   .'CI.   p.   570.   Oct..   '14. 

(E)   B.  W.  Stemmerich.     W-2S0.  p.  502. 

Skip  Hoist  Control— J.  H.  .\lbrecht. 
For  blast  furnaces.  C-2.  D-l.  1-4.  W- 
960.      Vol.  XL  p.   664.  Dec.  '14. 

The  Control  of  Induction  Motors  for 
RolUng  Mill  Drive — Wilfred  Sykes  antl 
G.  E.  Stoltz.  By  tiip  automatic  slip  reg- 
ulator. C-9.  D  1  1-3.  W-35S0.  Vol.  XL 
p.    709.    Dec.    '14. 

Magnetic;  Control  for  Steel  Mill  Aux- 
iliary Motors — -\  G.  .Mirens.  D-l  1-7. 
W-2740.     Vol.  XL  p.  673.  Dec.  '14. 

(E)   Brent  Wilev.     W-450.  p.  655. 

Steel-Mill  Motor  Control — W.  O.  Lum. 
-■Vutomatio  starters.  Contractors.  Re- 
lays. D-3  1-9.  W-2340.  Vol.  XL  p.  156. 
-Mar..  'H. 

Rheostats 

Liquid    Rheostats — \V.    E     Thau.      For 
controlling    wound    secondary    induction 
motors.     C-1.  D-l.  1-3.  W-1 610.     Vol.  XI. 
p.   684.  Dec.  "14. 
(E)   Girard  B.  Rosenblatt.    W-3S0,  p.  655. 

The  Design  and  Application  of  Rheo- 
stats— H.  C.  Nagel.  1-9.  W-4220.  Vol. 
XI.  p.  720.  Dec.  '14. 


TIIF.  ELECTRIC  JOURNAL 

UTILIZATION 


LIGHTING 

Standardliatioii  In  Indnstrial  IIItiib- 
inatlon — A.  J.  Airston.  T-3,  1-4.  W- 
3  370.     Vol.   XI.    t.    347.   June.   '14. 

Argumenta    Agfalnat   UjTlit — Keprlnte<l 

from  isu;,    \V-2.iO.    Vol.  xr  p.  SG.  Feb.. '14. 

Street  and  Indnatrlal  Urbtinr  Units 
— G.  W.  Roosa.  T-2.  C-3.  D-2.  1-11,  W- 
3  130.     Vol.   XI.    p.    325.   June.   '14. 

Larre   Incandaicent   Ugrbtlng'   Units — 

A.  R.  Dennington.  The  nltropen  flUed 
tungsten.  1-4,  W-2  330.  Vol.  XI.  p.  306. 
June.    '14. 

Tbe  Efficiency  of  the  Incandescent 
tamp— W.  H.  Rolinson.  T-3.  C-4.  1-2, 
W-2  850.     Vol    XI.    p.    341.    June,    '14. 

RegTilatinsr  Arc  I.anip — y    li.  1U17. 

25   Cycle  Iiigrhting' — ij     B-    1077. 
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